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"You're a murderer” Arkady said (...)
“Open your eyes,” Osborne said. “What do you see?”
“Furs”
“Not just furs. Blue mink, white mink, standard kiblue fox, silver fox, red fox, ermine,
lynx, kakakul. And Barguzin sables. Over two millitnllars’ worth of furs in this room,

and there are fifty more like it along Seventh Axgn

Martin Cruz Smith. Gorky Park. 1981



Resumen

El vison europedlustela lutreolalLinnaeus, 1761) sufre un dramatico proceso deakt y

es uno de los mamiferos mas amenazados del Muhdasda americandNeovison vison
(Schreber, 1777), especie exotica invasora, sedavasactualmente su principal amenaza. Sin
embargo, la introduccion del vison americano yoiacarrencia ecologica posterior de las dos
especies no puede explicar, por si sola, la distionuo desaparicion del vison europeo en
diferentes épocas y lugares. El parvovirus de feremedad aleutiana del vison (AMDV) es el
principal problema sanitario mundial en las grad@wisoén americano, causante de diferentes
sindromes clinicos dependiendo de la cepa virida jas caracteristicas del animal. Se ha
especulado que la infeccion por AMDV ha podido gboir a la disminucion del vison
europeo pero no se ha realizado ningun estudidatkiaPara evaluar los efectos potenciales
de la infeccion por AMDV en la conservacion deloviseuropeo, se realizaron serologias
frente el AMDV en muestras de 492 visones eurogess 1.735 visones americanos durante
un periodo de 16 afos. Con la finalidad de invastigh posible efecto del AMDV en las
estructuras demograficas, se realiz0 una deterrdmate las edades en tres especies de
mustélidos. Caninos procedentes de 1.766 cadaderg$61 visones americanos, 54 visones
europeos y 51 turones europddgstela putoriugLinnaeus, 1758) se seccionaron y se utilizd
el recuento de los anillos en el cemento denta patimar la edad de los ejemplares. Las
muestras de visones americanos procedian prin@pénae las campanas de control de esta
especie exotica invasora, mientras que los atagpileron la causa principal de muerte en las
dos especie autoctonas. De forma paralela seGesadianalisis de las estructuras demograficas
de tres poblaciones de vison americano sometiddifer@nte intensidad de control con el
objetivo de detectar posibles variaciones en estagcturas causadas por la captura, asi como
identificar indicadores simples y eficientes det@ge los esfuerzos de control.

La seroprevalencia del AMDV en el vison europeodak32%. No se detectaron diferencias
significativas en la seroprevalencia de anticuerpoge sexos 0 entre aflos 0 pesos. La
incidencia de seroconversion (negativo a positer)visones europeos recapturados fue de
0,46 casos por animal-afio de riesgo. Para los &smpositivos, la incidencia de
seroconversion de un resultado positivo a uno dative fue de 0,18 casos por animal- afio de
riesgo. En 1.735 visones americanos, la prevalghoizl fue del 32,4% y ésta varia entre las
seis poblaciones silvestres estudiadas y se inatanen la edad de los animales. Los

resultados indican que la infeccion es endémictrilaliida por todas las poblaciones y no se



observaron efectos sobre la dinAmica poblacionardbas especies. ADN del AMDV se
detect6 mediante PCR y se secuencio y los resaltagigieren que al menos dos tipos de
secuencias de AMDV circulan en Espafia y que los X\pEesentes difieren de otros aislados

en Norte América y Europa.

En relacion a las estructuras demograficas, lowighabs con edad anterior a su primera
temporada de cria (clase 0+) representaron aprdaimante la mitad de todos los animales,
sin diferencias significativas entre especies ca&ale muerte. Se observaron diferencias en los
porcentajes de sub-adultos entre los periodosygrest-reproductor, con una alta mortalidad
durante el periodo de dispersion-invierno en s dspecies. Las frecuencias de mortalidad de
los animales sub-adultos fueron de 0,46, 0,50% Peba el visbn americano, el vison europeo
y el turdn europeo. Las tasas de supervivencizis@ americano fueron mas altas que para
las especies nativas. No se observaron difererariasa edad media de los animales
encontrados muertos en atropellos entre las trpscies ni entre visones americanos
atropellados y capturados. En relacion al efect@alatrol sobre la estructura poblacional de
tres poblaciones de vison americano, no se dedectatidencias de cambios en la estructura
de edades en ninguna de las poblaciones. La propate individuos de cada sexo y clase de
edad se mantuvieron constantes, lo que sugiera pasar de los trabajos de control del vison

americano, la estructura de edades se mantuvdesdtahnte el periodo de estudio.



Abstract

The European minkMustela lutreolaLinnaeus, 1761) has undergone a dramatic declide an
is one of the most endangered mammals in the wbhiéd.invasive American minkgovison
vison Schreber, 1777) is considered the main factothisrdecline. However, the American
mink’s introduction and the subsequent ecologi@aicarrence of the two species cannot
solely explain the decline or disappearance oEtm®pean mink in different times and places.
Aleutian mink disease parvovirus (AMDV) is the mdmealth problem in fur farming
worldwide, causing varied clinical syndromes theppehd on the viral strain and host factors.
Infection with AMDV has been speculated to contrébto the decline of the European mink,
but a detailed study has not been performed. Tesadhe potential effects of AMDV infection
on the conservation of the European mink, we seavéyMDV antibody in samples from 492
native European mink and 1,735 feral American miokected over 16 yr. In order to
investigate a possible AMDV impact on demographrticsures, age estimation of three
mustelid species was performed. Canine samples766 Icarcasses from 1,661 American
mink, 54 European mink and 51 European poleddtssiela putoriusLinnaeus, 1758) were
sectioned, and cementum annuli counts in toothiogectwere used for age estimation.
American mink samples consisted primarily of traptared animals, whereas road casualties
were the principal origin of European mink and Ep@an polecat carcasses. Simultaneously,
the demographic structures of three mink populatgubjected to different culling intensities
were studied with the aims to detect possible tiaria in these structures caused by trapping,
and identify simple and efficient indicators of sessful trapping efforts.

The antibody prevalence in European mink was 32B&rd were no statistically significant
differences in antibody prevalence between sexesnwwng years or weight classes. For
recaptured European mink, incidence of serocoromi@iegative to positive) was 0.46 cases
per animal-year at risk. For positive animals, ith@dence of conversion from positive to
negative was 0.18 cases per animal-year at risk, 7185 feral American minks, the overall
prevalence was 32.4% and varied among the six pojoulations studied. The prevalence
increased with age. Infection with AMDV appeard&endemic, distributed across the entire
ranges of both species, and no effects on the atiguldynamics of either species were
observed. AMDV DNA was detected PCR and sequencddlee results suggested that two
sequence types of AMDV were circulating in Spaimg @ahat the Spanish AMDVs differed

from other described isolates from North Americd Barope.



In demographic structures, individuals prior to ith@rst breeding season (class 0+)
represented approximately half of all animals, withsignificant differences between species
or causes of death. Differences in sub-adult p&iges were observed between the pre- and
post-reproductive period, with a high mortality idgrthe dispersal-winter period in all three
species. Frequencies of mortality of the sub-adg# class were 0.46, 0.50 and 0.55 for
American mink, European mink and European poleespectively. Survival rates of the
American mink were higher than those of the naspecies. No differences were observed in
mean age of animals found dead as road casuaitia three species or between captured
American mink and road casualties. In relation witle culling effect over the studied
populations, no evidence of age structure changes aetected in any population. The
proportion of individuals in each sex and age m#&sained constant over time, suggesting that

despite the control efforts, the age structure neeabstable over the study period.
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1. Introduccion

El vison europed/ustela lutreola(Linnaeus, 1761) ha sido hasta hace pocos afiodeulses
especies mas desconocidas de la fauna ibéricaibDidb originariamente por gran parte de
Europa, la especie ha sufrido una dramatica disridnulesde el siglo XIX. De forma paralela
a este proceso de extincion, a mediados del siglétadespecie entré en la Peninsula Ibérica,
procedente de Francia, expandiéndose hacia elrswna particular huida hacia delante
(Youngman, 1982; Palaz6n y Ruiz-Olmo, 1997; Gostedd, 2011).

Se han propuesto muchas hipotesis para intenticaxgu declive en toda Europa. La pérdida
de habitat, la caza excesiva y el impacto del vaarricand\Neovison visoiiSchreber, 1777)

son los factores aparentemente mas directamenteachgps (Maran, 2007), aunque ninguna
causa de forma aislada puede explicar por si sokxiincion de la especie en diferentes
épocas Y lugares. La actuacion de patologiasniiidas o no por parte del visbn americano,

constituye otra hipotesis para explicar esta Sinac

Tras la deteccion del Parvovirus de la Enfermedadtana del Vison (AMDV) en la especie
(Mahaset al, 2001), la monitorizacién de este parvoviruseepdblacion de visdn europeo se
consider6 como una de las lineas prioritarias destigacion dentro de los trabajos de

conservacion de la espetie

El presente estudio pretende determinar la presiaenincidencia del AMDV en la poblacion
ibérica de vison europeo durante un largo periodotiempo. Determinar las posibles
repercusiones en su conservacion asi como el megbelison americano, como posible
transmisor del virus. El AMDV es una enfermedadh@palmente crénica y podria haber un
efecto acumulativo en su prevalencia al incremdat&dad de los animales. Por ello se ha
realizado un estudio demogréafico para determinaibfes efectos de patologias en las
poblaciones asi como determinar, en vison ameridangeroprevalencia del AMDV en las
diferentes clases de edad. Esto ha permitido abtdatos basicos de las estructuras

demograficas de tres especies similares de caosig@miacuaticos que comparten un mismo

! Conclusiones de la | Reunién del Grupo de TrabaJovisén Europeo del Comité de Fauna y Flora (étor
Gasteiz, marzo de 1999).
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habitat y poder determinar su efecto sobre lasicglas de competencia. De forma paralela, en
el visbn americano se ha utilizado para valoragfigacia de los trabajos de control en tres
poblaciones de la especie sometidas a diferergnsiatad de control y objetivos e identificar
un indicador simple y eficiente para valorar laleg@n de estos trabajos. Todo ello en el

marco de la conservacion del visén europeo.

1.1. El vison europeo

El visdn europeo pertenece a la familia de los Bligkis. Tiene un pelaje de color marrén-
chocolate, corto y brillante, con una mancha blateracteristica en los labios superior e
inferior y claro dimorfismo sexual. Los machos #akllibéricos suelen pesar entre 750 y 950
gr., mientras que las hembras pesan entre 450 gr38iene el cuerpo y la cola alargados,
adaptados a la vida terrestre y acuética, con pagquaembranas interdigitales para nadar con

facilidad, aunque se trata de un animal que pasaiampo en tierra que en el agua.

Es un animal solitario, territorial y de habitoscturnos y crepusculares (Youngman, 1990;
Palazon y Ruiz-Olmo, 1997). Vive en las zonas hasethgos y rios, con aguas de buena
calidad y con una vegetacion de ribera densa ynsat¢lLodée, 2002), no encontrandose
normalmente a mas de 100 metros de masas de agwan@il al, 2011). No es un animal
especialista en la dieta, que esta compuesta geineénte por presas ligadas al habitat que
ocupa: pequefios mamiferos, aves, peces, anfilwasgrejos de rio (Sidorovict al, 1998;
Maranet al, 1998a; Palazon, 1998; Palaziral, 2004).

Morfoloégicamente es similar al vison americano yuabn europeo (Lodé, 1995). Del visén
americano esta muy alejado desde un punto de ygeteético (Satoet al, 2003)
diferenciandose de éste, entre otros aspectosa dnoinetria y el patron de pelaje. Sin
embargo, es muy similar y proximo genéticamentetuabn europeoMustela putorius
(Linnaeus, 1758) (Davisoat al, 2000) pudiéndose hibridar con él (SidorovicGDIx;
Tumanov y Abramov, 2002; Lods al, 2005). A pesar de ello, la hibridacion y laagtesion
genética ocurren en bajos niveles (3% y 0.9% réispetente) (Cabri@t al, 2011). Las tres

especies comparten habitat, siendo el turon eurelp@enos ligado a los ecosistemas riparios

2 Media +/- SD en animales capturados de eneroia (nr149 y 59 para machos y hembras, respectivinen
Datos propios inéditos.
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(Sidorovich y Macdonald, 2001; Fourngral, 2008; Harrington y Macdonald, 2008).

El visén europeo se distribuia originalmente désdiandia hasta las montafias del Caucaso y
desde Francia hasta los Urales (ver revisionesesslbrarea historica de distribucion en
Youngman, 1982; Maran, 2007 y Marinal, 2011). La especie ha sufrido un gran declive en
toda Europa a partir del siglo XIX, especialmenieadte el siglo XX, sobreviviendo —en una
valoracion optimista y no actualizada- en menosl8éb de su area de distribucion original
(Maran et al, 2011). La gran metapoblacion original se hanfragtado en tres nucleos
poblacionales pequefios, aislados y en donde peosfjudeclive: el primero en Rusia
(poblacion oriental), el segundo en los Deltas aferlos Danubio y Dniester (Rumania y
Ucrania) y el tercero, al que corresponde nuesta de estudio, la poblacion occidental
compartida (aunque fragmentada entre si) entreciargnEspana (Maran, 2007; Maretsl.,
2011).

En la Fig.1 se muestra, de forma aproximada, sudealistribucion original, con los periodos
de mayor disminucién poblacional (adaptado de Yoarg 1982; Saint-Girons, 1991;
Maran, 2007 y Maraset al, 2011), asi como el area de distribucion estineswdel afio 2011
(adaptada de Maraet al, 2011).

En la actualidad, sélo se conoce la presencia aefgupoblaciones de la especie en Espafia y
en el delta del rio Danubio, en Rumania. En Framt@ade el afio 2007 no se han capturado
visones europeos en los trampeos estandarizadass potas citas disponibles provienen de
observaciones accidentales (SFEPM, 2014). En Regiisponen de citas puntuales en varios
territorios historicos pero se desconoce si todassesten poblaciones relevantes (D.
Skumatov, com. pers.). Ademas, el area historicdisteébucion de la especie en Rusia esta

ocupada en su totalidad por el visbn americano.

A nivel genético la poblacion occidental es la presenta la mas baja diversidad, con un solo
haplotipo de mtDNA detectado, en comparacion acl@dro detectados en la poblacion del

delta del Danubio o los diez de la poblacion odkrgque seria la poblacion con una mayor

diversidad genética (Michawet al, 2004; 2005; Cabriet al, 2015).

La primera cita de la especie en la poblacion ectal se obtuvo en 1831 en la costa atlantica
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de Francia (Saint—Girons, 1991) mientras que deldnsula Ibérica se citd por primera vez
en 1951 -Guipuzcoa, Pais Vasco (Rodriguez de Cndig65). La presencia de la especie en
Espafia es reciente y fruto de una expansion hiesia por parte de la poblacion francesa. La
ausencia de citas historicas y la baja variabilgenitica detectada en la poblacion occidental
sugieren, aungue no existen datos cientificos @aedlen, una posible colonizacién reciente,
ya sea debido a una expansion natural o debidcadilhgracion antrépica de unos pocos
individuos (Youngman, 1990; Michawst al, 2005; Cabriaet al, 2015). La ausencia de
registro fésil impide certificar que antiguamerdepbblacion occidental estuviera conectada

con las otras poblaciones en un area de distribwattinua.

[ Jantesde 1920 {
] 1920 - 1950 0} At
[ después de 1850 s ;

Bl cistribucion en 2011 il

[ distribucién no confirmada ‘-:T'if

3

Fig. 1 Distribucién original del visén europeo con logripelos principales de extincién en los diferentes
paises (adaptado de Youngman, 1982; Saint-Gird&l];1Maran, 2007 y Maran et al., 2011) y el area de
distribucion estimada en el afio 2011 (adaptado @eav et al., 2011).
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Desde su deteccion en Espafia, la especie ha idaizatdo territorios hacia el sureste
(Gomezet al.,2013), al tiempo que se ha ido haciendo mas escalsamisma direccion. La
poblacion Ibérica se estimo, de forma aproximadanenos de 500 individuos adultos en el
afo 2007 (Palazén y Ceia, 2007). Desde entonaésoel americano ha ocupado gran parte
del area de distribucion del vison europeo y actaate la poblacion de la especie autdctona
es mucho mas reducida. No se han realizado estioidacionales en los ultimos afios en el
conjunto del area Ibérica de distribucion, por le aqo se dispone de estimas poblacionales

mas actualizadas.

Actualmente esta considerado como el mamifero eoropn mas riesgo de extincion y una de
las especies mas amenazadas a nivel mundial. [BsificadoEn peligro de extincioen el
Catalogo Esparfiol de Especies Amenazad&n peligro criticoen el IUCN Red List of
Threatened Species (Maranal.,2011). En Espafa cuenta con una Estrategia dergangn
(MAGRAMA, 2005) y un programa de cria en cautiviggthGRAMA, 2009).

1.2. Causas relacionadas con el declive del visarr@peo

Ninguna causa, de forma aislada, puede explicarogleso de extincion que ha sufrido la
especie desde el siglo XIX (Maran y Hentonen, 129t et al, 2001; Maran, 2007). Las
causas aparentemente validas para unas zonas licamexp desaparicion de la especie en
otras. La alteracion del habitat, la caza excegilea competencia del vison americano son
posiblemente las principales causas (Camby, 19@ht-Girons, 1991; Rozhnov, 1993;
Maran y Hentonen, 1995; Palazon y Ruiz-Olmo, 198dtan, 2007) y actuarian, con mas o

menos intensidad, segun la zona y época.

La destruccion de los ecosistemas riparios errgt@y oeste y la caza excesiva en el norte y
este de Europa serian causas importantes. Al disnsins poblaciones, y con el objetivo de
mantener la industria peletera, en Rusia se intentapensar la disminucion del visén
autéctono con la liberacién masiva de visones ameos, lo que provocd la desaparicién de

la especie nativa en donde no hubieran actuadatrias causas (Maran, 2007), ya sea por la

% Real Decreto 139/2011, de 4 de febrero, par@sdrdollo del Listado de Especies Silvestres enniégde
Proteccién Especial y del Catalogo Espafiol de Espédenenazadas.
* Desde 1933 hasta 1971 se liberaron en Rusia 20id60es americanos (4.000 en el area de distéibudel
vison europeo) (Maraet al, 2011).
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competencia interespecifica o la posible introdutcie enfermedades (Henttonen y Tolonen,
1983; Maran, 1989; Henttonen, 1992; Magaal, 1998b).

Aunque en muchas regiones de Europa el decliva depecie se detecto antes de la invasion
del visén americano (Maran, 2007), actualmenteesgiacie invasora es su principal problema
de conservacion (Maran y Henttonen, 1995; Sidomva©01b; Maran, 2007;0Bra et al,
2013). No existe ningun dato que avale la coexisiea largo plazo de las dos especies,
habiendo desaparecido siempre la especie autéetopeesencia de la invasora (Maedral,
2011).

1.2.1. El visbn americano

El vis6n americano es un mustélido semiacuatigiraiio de Norteamérica (Lariviere, 1999).
Esté considerado como una especie exotica invassnade su area de distribucion original y
es la especie con mas efectos negativos sobredavénisidad europea, afectando a 47 especies
autoctonas (Genovest al, 2012), especialmente al visdn europeo, avesidae en el suelo,
roedores y anfibios (Maraet al, 1998b; Sidorovich, 2001b; Macdonald y Harringt2@03;
Bonesi y Palazon, 2007;0&a et al, 2013). ElI Convenio de Berna recomienda su
erradicacion en regiones donde la especie tiene un comportéomievasor y se realizan

esfuerzos por parte de diferentes Administracipaes erradicar o controlar sus poblaciones.

El visbn americano es de mayor tamafio y un 25-3@pasado que el visén europeo. En la
Peninsula Ibérica, los machos adultos suelen pesar 965 y 1.500 gr. y las hembras entre
550 y 800 gf. Criado en cautividad en Estados Unidos desde tB66fines comerciales
(Kellogg et al, 1948), la especie se importd a Europa paradiasinia peletera desde el inicio
del siglo XX (Dunstone, 1993). Desde 1920 hast#® Ké3pusieron en funcionamiento granjas
peleteras de la especie en Alemania, Francia, Rosecia, Noruega, Dinamarca e Islandia.
En Francia la primera granja peletera de vison isare se instalé en 1926 a partir de 15
reproductores -10 hembras y 5 machos- procedeatddirthesota (Estados Unidos) (Henry,

1927) y en Espafa se instalaron las dos primerd9®88 y 1959 en Segovia y Pontevedra,

> Recommendation No. 77 (1999) on the eradicatiomaf-native terrestrial vertebrates, adopted by the
Standing Comitee on 3 December 1999.
® Media +/- SD en animales capturados de enero @ jgm= 814 y 485 para machos y hembras,
respectivamente). Datos propios inéditos.
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respectivamente (Palazon y Ruiz-Olmo, 1997).

Debido a los escapes de las granjas peleteraslipdeaciones dirigidas, como las realizadas
en Rusia, poblaciones salvajes de la especie iravaso establecieron en diferentes paises
europeos, incluyendo Espafia (Dunstone, 1993; Rnmw@t al, 1997; Bonesi y Palazdn,
2007). La primera cita en Espafia, como especi@jsalse produjo en Segovia (Delibes y
Amores, 1978) y en 1992 ya se describian cinccapaiies aisladas (Ruiz Olmnebal, 1997),

gue han ido incrementando su area de distribu@stalocupar actualmente la mayor parte de
la mitad norte de Espaifia (MAGRAMA, 2014). En la. Agse muestra la distribucion actual
aproximada de la especie asi como las fechas @arién de las primeras granjas peleteras

en diferentes paises.

En Espafia diferentes administraciones publicagzagatrampeos en vivo y sacrificio de los
ejemplares capturados para evitar su expansiorotegar las especies nativas (Bonesi y
Palazon, 2007;delraet al, 2013). A pesar del control iniciado hace mag@aros, todas las
poblaciones de la especie en Espafia continGan ganggn (Bravo, 2007; MAGRAMA,
2014). Aunque existen casos en los que el cordrgido aparentemente satisfactorio (Bonesi
y Palazon, 2007; Reynoldst al, 2013), la especie es de muy dificil erradicacion
especialmente de amplios territorios, de formalama lo que sucede con otros mustélidos

invasores (Kinget al, 2009).

En Europa se han descrito casos de disminuciort@dagianales de la especie invasora por
causas desconocidas (Bonesi al, 2006a; Bonesi y Palazon, 2007) y en su area de
distribucion original se ha sugerido que los visoescapados de las granjas pueden contribuir
al declive de la propia especie en la naturaleziiant la depresion por exogamia o mediante
la introduccién de enfermedades (Bowneaal.,2007; Kiddet al, 2009).

Actualmente se desarrolla un proyecto LIEE conservacién del visén europeo en donde uno

de sus principales objetivos es mejorar el comn@eicacion de esta especie exotica invasora.

’ Life Lutreola Spain LIFE13/NAT/ES/001171.
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Fig. 2 Distribucién del visén Americano en Europa. El afidica la primera granja de visGn americano en
cada territorio (adaptado de Lariviere, 1999; Bong$alazdn, 2007; Khlyap et al., 2011; Hegyeli gckkés,
2014; Zagorodniuk y Filienko com. pers.).

La especie figura en el Catalogo Espafiol de Espé&viéticas Invasorisaunque se permite
la instalacion de nuevas granjas peleteras entefi@xdel area de distribucion del vison
europeo (principalmente en Galicia, donde funciclad0% de las granjas peleteras Ibéricas).
La especie no esta incluida en la lista de espegigticas invasoras del Reglamento Europeo
1143/2014 debido a las presiones comerciales de Dinamardénkandia, principales

productores de vison americano (Genoeesil, 2015).

8 RD 630/2013, de 2 de agosto, por el que se rej@atalogo espafiol de especies exdticas invasoras.
° Reglamento (UE) 1143/2014 del Parlamento EuropetelyConsejo de 22 de octubre de 2014 sobre la

prevencion y la gestidn de la introduccién y pramagn de especies exoticas invasoras.
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1.2.2. Problemas sanitarios

A excepcion de los estudios parasitarios, la inémign relacionada con los problemas
sanitarios en el vison europeo es muy limitadal®8v se produjo el primer y Unico estudio
dirigido a determinar posibles problemas sanitarasmitidos entre las dos especies de vison
(Maranet al, 1998b). El estudio, realizado en cautividad leroelogico de Tallin (Estonia) y
dentro de un trabajo de interaccion interespecificetendia detectar una posible transmision
de enfermedades entre las dos especies. El estmgistio en alojar ejemplares de ambas
especies en jaulas cercanas (51 visones europdfsvisones americanos, alojados en el
zoologico de Tallin desde 1983) o en la misma lasiian, por periodos de 15-75 minutos/dia
durante 34-62 dias (contactos entre 8 visones eosop 9 visones americanos). En este
estudio se utilizaron animales que habian perma@mdargo tiempo en cautividad y no se
realizaron controles sanitarios anteriores ni poses. Los autores no detectaron
aparentemente patologias transmitidas entre espai® desarrollar los animales del estudio
sintomas de enfermedad y al haberse reproduciderjposiente con éxito (Maraet al,
1998b; Maran, 2007).

Diversos agentes patdgenos se han sugerido cornfibesdactores de amenaza para la especie
autoctona (Manfast al, 2001; Skumatov, 2001; Philipeaal, 2008), siendo el Parvovirus de
la Enfermedad Aleutiana del Vison (AMDV, Aleutiannk disease parvovirug)e especial
interés, por su alta prevalencia en las granjastgyeks y por las caracteristicas de la

enfermedad: cronicidad, resistencia en el medialyipres vias de transmision.

1.3. El Parvovirus de la Enfermedad Aleutiana del \66n

En 1941 se produjo en una granja peletera de Estddimlos una mutacion espontanea del
color del pelaje en visones americanos. Estos &ssdmmocigbticos recesivos para un gen,
presentaban un color similar al de los zorros der@leutiano de las granjas peleteras v,

debido a su interés comercial, fueron criados peados por todo el mundo.

La primera descripcion del AMDV se produjo en 1956 Estados Unidos (Hartsough y
Gorham, 1956) como un sindrome crénico y mortalisones americanos aleutianos. Pocos

afos después ya fue descrita en granjas peleterdSrah Bretafia, Suecia, Dinamarca,
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Alemania y Holanda (Obel, 1959;d\Er y Heje, 1961).

En un primer momento se penso que solo los visom@®cigoticos para el fenotipo aleutiano
estaban afectados por la enfermedad, pero posterstudios comprobaron que afectaba a
todos los visones (Porter y Larsen, 1964) y quegehte causal era un Parvovirus (Blogim
al., 1980).

En 1982 se describié en Dinamarca un cuadro clitifecente de la enfermedad, caracterizado
por el desarrollo de una neumonia intersticial agrah alta mortalidad en crias seronegativas

infectadas durante las primeras semanas de vidseftet al, 1984).

El AMDV es unCarnivore amdoparvovirus ihcluido en la familiaParvoviridaé® (Cotmore

et al, 2014) causante de la enfermedad aleutiana (ABheTun genoma de 4.8 kb con una
cadena simple de ADN que codifica tres proteinasstucturales (NS1, NS2 y NS3) y dos
proteinas estructurales (VP1 y VP2). Es un viruy @ejado genéticamente de los otros
parvovirus (Bloomet al, 1988; Porter y Larsen, 1990; Steieelal, 2001) y, debido a sus
caracteristicas genéticas, puede tratarse de ws wigjo o en el que se producen alteraciones
genéticas con mayor velocidad que en los otroopans (Gottschalclet al, 1994). Estudios
realizados sobre este parvovirus demuestran qusergee un considerable grado de
variabilidad y que pueden presentarse simultane@wanios tipos de cepas viricas afectando
a una granja o a un animal (Gottschadtlal, 1991; Olofssomt al, 1999). Existen cepas del
AMDV muy virulentas (Utah, DK, Ontario) con alta nadidad entre todos los fenotipos de
visones americanos Yy otras (Pullman, Montana) agilesivas en los fenotipos de visones mas
sensibles. Por otro lado el vison de fenotipo sinallos animales salvajes es el mas resistente

a la infeccion mientras que el de fenotipo aleoties el mas sensible.

En la actualidad es una enfermedad endémica ers fodopaises productores de visones
(Aasted, 1985; Ellis, 1992; Knuuttilet al, 2009; 2014) y es la enfermedad infecciosa mas
importante en las granjas de visones de todo etim(iossain-Fariét al, 2010; Jahnet al,
2010; Nituchet al, 2011; Sangt al, 2012).

10 http:/fictvonline.org/virusTaxonomy.asp.
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El virus presenta unas caracteristicas que le pmrnperpetuarse en la naturaleza: alta
resistencia en el medio ambiente —zonas contansmadaden seguir siendo infectivas durante
afos- y multiples vias de transmision tanto hotalorheces, saliva, sangre, orina - como
vertical (Kenyoret al, 1963b; Gorharet al, 1964; 1976; Hussagt al, 2014).

Ademas de afectar a los visones americanos se @acritd animales seropositivos,
deteccidn del virus mediante técnicas de PCR orlesicompatibles con el AMDV en otras
especies: huroneM(stela putorius furp(Kenyonet al, 1966; 1978; Portest al, 1982),
zorros Yulpes vulpes(Ingram y Cho, 1974), mapachd3rgcyon loto) (Ingram y Cho,
1974; Alexandersest al, 1985; Oieet al, 1996; Hossain-Farid, 2012), armifiddustela
ermineg (Kenyonet al, 1978; Hossain-Farid, 2012), marta pescadslartes pennanjj
marta americanaMartes americanp (Kenyon et al, 1978), mofeta rayadaviephitis
mephitig (Ingram y Cho, 1974; Kenyaet al, 1978; Hossain-Farid, 2012; LaDoucetial,
2014), nutria de rio norteamericanaiitra canadens)s lince rojo Lynx rufug (Hossain-
Farid, 2012), nutria euroasiatidaufra lutra) (Wellset al, 1989; Managt al, 2001), vison
europeo Mustelalutreola) (Mafnaset al, 2001; Fournier-Chambrilloat al, 2004), turones
(Mustela putoriuy (Fournier-Chambrillonet al, 2004; Knuuttilaet al., 2015), garduias
(Martes foing, martas Martes martef ginetas Genetta genet)aFournier-Chambrilloret
al., 2004), comadrejasviustela nivali$ (Loukopouloset al, 2012), tejonesMeles meles
(Knuuttilaet al, 2015) y humanos (Jepsenal, 2009).

1.3.1. La enfermedad en visones americanos de gran;

El AMDV es el mayor problema de salud en visonesraranos de granja, constituyendo la
principal causa de disminucion de la producciomgdigé del valor de la piel y muerte (Cho,
1978; Cho y Greenfield, 1978; Cho y Porter, 19%8td?et al, 1980; Wright y Wilkie, 1982;
Ellis et al, 1995; Dam-Tuxemt al, 2014). Debido a las pérdidas econdmicas erdiastna
peletera se realizan campafas de saneamiento meedemologia y sacrificio de animales
positivos en todos los paises productores de \dsaoa la intencion de reducir la prevalencia
del AMDV (Jensen, 2011; Espregueira-Themeti@l, 2012; Dam-Tuxert al, 2014). En
Dinamarca, entre 3.5 y 4 millones de sueros sdades anualmente dentro del programa

nacional de erradicacion de la enfermedad (Dan+Tekal, 2014).
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La gravedad de la enfermedad en animales de gramjauy variable y depende de la cepa del
virus, el fenotipo del animal y de la edad en la ga produzca la infeccion (Hadl@w al,
1983).

Existen dos formas clinicas de la enfermedad (\p13lf:

a) Forma neumonica: presencia de sintomatologpéragsria con neumonia intersticial aguda

y alta mortalidad. Se produce en crias sin anfmsgematernales infectadas durante las
primeras semanas de vida (Larseéal, 1984; Alexandersen, 1986; Alexanderseal, 1994)

y consiste en un cuadro agudo caracterizado poregphiaacion viral en los pneumocitos tipo
ll, inclusiones virales intranucleares, edema stigal y formacion de membranas hialinas.
Cepas muy patégenas producen un 90-100% de enfmimednortalidad en estas crias
mientras que cepas poco virulentas inducen lareefdad en el 50-70% de las crias, con una
mortalidad menor (30-50%) (Alexandersstral, 1994) v,

b) Forma clasica o forma cronica: causada por stim@acion antigénica cronica con altos

niveles de complejos antigeno-anticuerpo circulagde se depositan en los tejidos. Esta
forma clinica presenta una evolucion progresiva @nogresiva, y esta caracterizada por una
infeccion viral persistente, plasmacitosis, hipergeglobulinemia, glomerulonefritis y
arteritis mediadas por immunocomplejos. Existermafés con un cuadro de infeccion
inaparente (Aret al, 1978; Hadlowet al, 1985) y otros pueden eliminar la infeccion (eary
Porter, 1975; Hadlowet al, 1985), aunque, por lo general, la infeccion satrene de forma
persistente hasta la muerte del animal (Eklendl, 1968; Porteet al, 1969; Bloomet al.,
1994).

Una de las caracteristicas de la forma clasica AMDV es el incremento de las
gammaglobulinas séricas (Henseinal, 1961; Haa%t al., 1990). En visones americanos,
valores superiores al 20% del total de proteinasagestivos de un cuadro progresivo de la
enfermedad. El sistema inmune en visones infectamoduce una gran cantidad de
gammaglobulinas, principalmente anticuerpos espesiffrente al AMDV (Porteet al,
1965; Aasted y Bloom, 1984; Aasted al, 1984; Porteet al, 1984; Aasted, 1985). El
grado de infiltracion de células plasmaticas, glanomefritis y arteritis es directamente

proporcional a estos niveles de gammaglobulinasasef{Kenyonet al, 1963a; Porter y
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Larsen, 1964). An e Ingram (1977) detectaron qdeddos visones con concentraciones de
gammaglobulinas superiores al 25% tenian cambitsgggcos tipicos del AMDV. Los
tratamientos inmunosupresores previenen el dekaraé lesiones mientras que la

vacunacion aumenta la gravedad de la infeccion.

Animales con un cuadro clinico no progresivo presernitulos bajos de anticuerpos, no
presentan hipergammaglobulinemia o es muy ligera ypresentan lesiones patoldgicas
(Porter, 1986). Una reinfeccion en estos animalesi@ provocar el desarrollo de un cuadro
progresivo (Anet al, 1978). Asi mismo, animales con un cuadro no neigo pueden
también transmitir el virus tanto vertical como ikontalmente y producir un cuadro

progresivo en otro animal (An e Ingram, 1978).

Neumonia intersticial aguda

Forma agu da (hipertrofia -hiperplasia de las células
Crias seronegativas - 5 alveolares de tipo II, inclusiones virales
infectadas du;ante las intranucleares, edema intersticial, formacion
primeras semanas de vida de membranas hialinas)

Alta Mortalidad

l\) Muerte

AD Progresiva /
Alto titulo AC.
GGLOB>21%
Persistente < Lesion}s severas
.. No progresiva
Forma clasica Bajo titulo AC.
Estimulacion cronica Moderado incremento de
antigénica con altos GGLOB
niveles de complejos No lesiones
antigeno-anticuerpo que
se depositan en los tejidos No Persistente

Bajo titulo AC. Ligero
incremento transitorio de
GGLOB

Fig. 3 Evolucion clinica de la Enfermedad Aleutiana (AdD)visones americanos de granja.
AC: Anticuerpos; GGLOB: Gammaglobulinas.

En animales infectados experimentalmente, se hgpeeado el virus trascurridos mas de
siete aflos desde la infeccion (Porter y Larsen4 19 grado de hipergammaglobulinemia
depende de la dosis de virus inoculada (Porterrgelma 1968) y, posiblemente, una carga

baja de virus tenderia a provocar una infeccioprogresiva (Aasted y Hauch, 1988).
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Se ha descrito el papel de las granjas de visémiaane como fuentes de transmision del
AMDV a los animales salvajes (Nituokt al, 2011) mientras que en otro estudio esta
correlacion no esta clara, ya que se detecto npagoalencia en visones americanos salvajes

en zonas sin granjas peleteras que en zonas agagy(&nuuttilaet al, 2015).

1.3.2. El control de la enfermedad en visones ameainos de granja

El control del AMDV en las granjas de visones ap@ros es dificil al no producir,
normalmente, mortalidades masivas en poco tienmgseptar una sintomatologia variable y
poco especifica, y por el sacrificio de los animajra la obtencion de pieles, antes de que

aparezcan los sintomas de la enfermedad.

No existen tratamientos efectivos ni vacunas peaeaepir la infeccion. Los programas de
erradicacion se basan en la realizaciorsateeningsserolégicos y sacrificio de los animales
positivos, medidas sanitarias estrictas, desirdacde instalaciones y equipos y obtener la
reposicion de granjas negativas (Cho e Ingram, ;1812 y Greenfield, 1978; Cho y Porter,
1978; Porter y Cho, 1980; Porter, 1986; Porterarsén, 1990; Ellist al, 1995; Prieteet al,
2014; Hossain-Faridt al, 2015).

La prueba diagnostica de referencia esoehter-current immunoelectrophore$GIEP test),
utilizado en las campanas de saneamiento desaedaa de 1970 (Cho e Ingram, 1972). En
visones de granja el CIEP test tiene una sensdilgue varia del 78.7% al 98.9% y una
especificidad del 86-100% (Bowmah al, 2014; Knuuttilaet al, 2014; Dam-Tuxert al,
2014). Desde el afio 2014 se tiende a sustituirlEeP @omo test estandar por una técnica
ELISA, que presenta sensibilidad y especificidadilar al CIEP test (valor kappa del 0.976),
pero que permite un manejo de las muestras ma@eame tiempo de procesado menor y una
disminucion de los costes de laboratorio debidoua tp técnica ELISA puede ser
automatizada mientras que el CIEP test implica ma&smjo manual y no es adecuada para
automatizar (Dam-Tuxegt al, 2014; Knuuttileet al, 2014).

1.3.3. Estudios sobre el AMDV en el visén americaren el medio natural

Se han realizado estudios especificos sobre lalprera del AMDV en visones americanos
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salvajes, tanto en su area de distribucion origioabto en las zonas donde la especie no es
nativa (ver citas en Tabla 2). El objetivo de eststudios ha sido valorar el riesgo de
reinfeccion de las granjas que realizan camparaartEamiento, la interaccion sanitaria entre
poblaciones libres y cautivas, asi como los estudierivados de los programas de

conservacion del vison europeo.

Un resumen de los resultados obtenidos en visanesaanos en el medio natural figura en la
Tabla 2. En todas las zonas estudiadas se ha atkieta presencia del AMDYV, con

prevalencias muy diferentes segun los territorios.

1.3.4. Estudios sobre el AMDV en el vis6n europeo

Desde la primera deteccion del AMDV en el visénopeo (Mafiaset al, 2001), la
monitorizacion de la enfermedad en esta espederséderd necesaria para su conservacion y
se incluyeron extracciones de muestras sanguinea®lpgias de rutina en los protocolos de

los trabajos de campo que implicaran la capturalygjo de ejemplares.

El primer caso en visén europeo se detect6 enamsasa procedente de Alava. Mediante PCR
y secuenciacion genética se determiné que la dépa mo se correspondia con las otras cepas
del virus descritas anteriormente: cepa denomiddd-ES (Andres ML1) con nimero de
sumision en el GENBANK: AF 205380 (Mafiesal, 2001). Por un lado era la primera vez
gue se detectaba el virus en la especie y poeddrta primera vez que se detectaba esta nueva
cepa virica. La ausencia de lesiones patolégicdsudties al virus en la necrOpsia de este
vison europeo hacia dificil extrapolar los posil#ésctos del virus —y en concreto de esta

cepa- sobre la especie.

Posteriormente, se determind una seroprevalenti&AM®V en Francia del 12% (n=99)
(Fournier-Chambrilloret al, 2004) y en un estudio realizado en Navarra ndetectaron
animales seropositivos en 84 muestras procesadash&-Migalloret al, 2008). Asi mismo
se realizaron pruebas seroldgicas a cuatro visenesgpeos capturados en el delta del rio

Danubio (Rumania), siendo todos ellos seronegafiMagas, 2005).

En relacién a la deteccién del AMDV en visones paos en cautividad se analizaron un total
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de 36 ejemplares correspondientes a los animalgsatgama de cria de la poblacion oriental
de la especie (zoolégico de Tallin, Estonia, ppabknente) sin detectarse animales
seropositivos en esta poblacion (Mafas, 2005). |Eprograma de cria en cautividad de la
poblacién occidental se incluyé en el protocolocdarentena la realizacion de serologias,
siendo necesario un resultado negativo al AMDV @habntroles para su incorporacion como
fundadores al programa de cria (Maétal, 2003; MAGRAMA, 2009). Hasta la fecha no se
ha detectado ningun visdn europeo positivo en\ddat ni en el programa de cria de la

poblacién oriental ni en la occidental.

Respecto a la valoracion de las lesiones compatdda el AMDV en carcasas es dificil su
estudio en animales salvajes por la escasez detramidsen conservadas. En un trabajo
realizado en 2001 para el Ministerio de Medio Amige(Mafas, 2001), se procesaron
muestras de un total de 25 visones europeos pmesdde Espafna (n=8), Francia (n=9) y
Rusia (n=8). De todas ellas, so6lo en cinco muept@sedentes de Espafia se pudieron valorar
las lesiones y en cuatro de ellas existian lesj@moespatibles en mayor o menor grado, con las
producidas por el AMDV -—hiperplasia de células plascas, infiltraciones
linfoplasmaocitarias, nefritis linfoplasmocitariaemiloidosis de organos linfoides-. Sanchez-
Migallén (2008) no detectd lesiones compatibles ABDV en ninguna de las 23 carcasas de

visén europeo procesadas procedentes de Navarra.

Se realizaron pruebas de PCR en un total de 153trasede carnivoros semiacuaticos
(Mahas, 2001). De éstos, 111 procedentes de keas de distribucion del vison europeo: 41
procedentes de Espafia (8 visones europeos, 2lesisonericanos, 8 turones europeos y 4
nutrias euroasiaticakutra lutra (Linnaeus, 1758), 22 de Francia (9 visones eurQp&os

americanos y 5 turones) y 48 muestras de Rusias{fes europeos, 19 americanos y 21
turones) y 42 (14 visones americanos, 6 turonesnugias) procedentes del exterior del area
Ibérica de distribucion del vison europeo. Se détkcpresencia del virus por PCR en todas

las especies y en todas las procedencias (Fig. 4).

En este estudio se realizd el analisis de la se@udel DNA de todas las muestras positivas
en PCR usando los primers 54.47 F y 68.49 R. Semsetie pobre calidad o demasiado cortas
imposibilitaron la obtencion de secuencias en tddssanimales. Para la realizacion de

comparaciones, soélo se utilizaron secuencias cerdm200 amino acidos.
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Se obtuvieron secuencias de AMDV presentes en #Bakes: vison europeo (7), vison
americano (13), turon europeo (4) y nutria eurdiasigl), no existiendo una segregacion

obvia de las cepas basada en las especies infe¢kagab).

25

20 I

15
OPCR -
EPCR +

N.vison
L.lutra
N.vison
M.putorius
M.lutreola
N.vison
M.putorius

i
o]
@
5
=
=

M.putorius
M.lutreola

ESPANA FRANCIA RUSIA

Fig. 4 Resultado de las PCR en las carcasas procedepti&sdliferentes areas de distribucién del visén
europeo (adaptado de Mafias, 2001).

Al comparar las secuencias obtenidas, parecerexastds grupos mayores (Fig. 6)

e Grupo 1: En él estan las cepas espafiolas, frangedgisnas cepas rusas. Es el grupo
con la distribucion méas amplia.
* Grupo 2: Incluye sélo cepas rusas.
e Grupo 3: Engloba PVP2ZK8 y la cepa ADV-ES (Andrés1)] detectada en el visén
europeo procesado anteriormente (Madtad, 2001).
» ADV-Utah aparece en un grupo independiente.
Estos resultados limitados indican que existeneadaa 3 Grupos principales de AMDV entre
los Carnivoros riparios europeos y que las diferemtspecies estudiadas presentan virus
similares.
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A41-54 4TF.PRO | |M. lutreola Francia
A24-54 ATFPRO | |M.vison Espaiia - Segovia
A51-54 47F.PRO | |M. lutreola Espaia - Guipuzcoa
A13-54.47F.PRO | |M.vison Espaia - Alava
A89-54.47TF.PRO | M.vison Rusia
i A03-54.47F.PRO | |M.vison Espaia - Burgos
A46-54.47F.PRO | |M. lutreola Francia
A08-54.47F.PRO | |M.vison Espaia - Castellon
A39-54 4TF.PRO | |M.vison Espaiia - La Rioja
A17-5447TFPRO ||L.lutra  Espafia - Burgos
A52-54 4TF.PRO | |M. lutreola Francia
A50-54.47F.PRO | |M. putorius Espaia - Girona
A86-54.47F.PRO | M. lutreola Rusia
pvp2g.pro USA
A58-54.47F.PRO | |M. putorius Rusia
AB7-54.47E.PRO | M. vison Rusia
AB2-54.4TF.PRO | M.vison Rusia
AB4-54.4TF.PRO | M. lutreola Rusia
I A83-54.47F.PRO | M. lutreola Rusia
A75-54 4TF.PRO | M.vison Rusia
_: A79-54 4TF.PRO | M.vison Rusia
A80-54.47F.PRO | |M. putorius Rusia
— A59-54 47TF.PRO | M.vison Rusia
A76-54.47F.PRO | |M. putorius Rusia
A56-54.47F.PRO | M.vison Rusia
AB3-54.47TF.PRO | M. vison Rusia
PVP2U1K.PRO USA
— —|ADV-ES ML1.pro | |M. lutreola Espafia - Alava
———|PVP2ZK8.PRO Dinamarca

mev2 vp1.pro

Fig. 6 Relaciones genéticas entre las diferentes cep@gviaV obtenidas (adaptado de Mafias, 2001).

Las secuencias obtenidas permiten la clasificapgno no permiten predecir la virulencia

especifica de cada cepa de AMDV.

1.3.5. Posibles efectos del AMDV sobre el visén epeo

No existe informacion sobre los posibles efectdAMDYV en el visdn europeo y éste es uno
de los principales retos del presente estudio.efation a la mortalidad directa, el AMDV
podria provocar declives de las poblaciones de @dldss al disminuir la fertilidad y producir
abortos (Padgett al, 1967; Haagsma, 1969; Gorhatal, 1976; Hansen y Lund, 1988). Se
desconoce si otras especies diferentes al visérnicame pueden presentar el cuadro clinico
agudo con alta mortalidad en crias no protegidaamticuerpos maternales infectadas durante
las primeras semanas de vida. También se puedeukspeon una posible mayor
susceptibilidad a infecciones bacterianas secuaglaomo ocurre en los visones americanos
(Kenyon, 1966; Cho e Ingram, 1972; Martino y Mantiri996) debido a la alteracién del
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sistema inmunitario. Extrapolando a los visone®@ews unos efectos similares a los que
presentan los visones americanos, existen difereritss por las cuales el AMDV puede

afectar a la especie autdctona.
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2. Objetivos

El principal reto del presente estudio es detempusibles efectos negativos del AMDV

sobre el vison europeo y su posible influencialeassado de conservacion, asi como valorar
las estructuras demogréficas de tres especies riév@as semiacuaticos similares en talla,
peso, morfologia, ecologia y comportamiento, peo diferente estado de conservacion.
Ademas, en el visbn americano se utilizaran estasoturas demograficas para monitorizar el

exito de los trabajos de control de esta espedicaxnvasora.

En breve, los objetivos principales que pretendprekente estudio son:

-Determinar la presencia del Parvovirus de la Enfanedad Aleutiana del Vison (AMDV)

en el visdn europeo y sus posibles efectos en lasgyvacion de la especie.

-Conocer la seroprevalencia del AMDV en las poblashes Ibéricas de vison europeo y
americano. En visdn americano, determinar la seromvalencia en las diferentes clases de
edad.

-Establecer la incidencia de infeccion por AMDV erel vison europeo mediante el analisis

de animales recapturados.

-Determinar la estructura demografica del vison euopeo, el visbn americano y el turon
europeo, para poder comparar sus estrategias demaijicas y el impacto de éstas en su

relacion de competencia.
-Valorar si se produce un efecto en las estructurademograficas en tres poblaciones

diferentes de visdn americano sometidas a diferesteintensidades de control, e

identificar un indicador simple y eficiente para vdorar el éxito de estos trabajos.
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3. Estudios

Area de estudio

El &rea de estudio comprende la totalidad de lénBela Ibérica, si bien se ha priorizado la
zona de distribucion o influencia del vison eurqgpe@aballo entre la Europa atlantica y la
mediterranea, que comprenderia principalmenteuglecdel rio Ebro y sus afluentes, desde la
desembocadura del rio Ofia, en Burgos, hasta sadanén Aragon, asi como las cuencas
Cantabricas del Pais Vasco y las cabeceras ddeilzscuenca del Duero en Burgos y Soria
gue limitan con La Rioja. Para consultar las caréticas climaticas y de habitat de la zona de

estudio se puede consultar el estudio de Metgar, (2005).

Estudios incluidos

En el presente trabajo se han estudiado dos esmkrimustélidos que comparten un mismo
habitat ripario; el vison europeo, autoctono, eigpede extincion y objeto de los esfuerzos
de conservacion, y el vison americano, especigcaxibivasora fuera de su habitat original y
posible origen y transmisor del AMDV. Estas dosee@s comparten habitat y determinadas
patologias con otras dos especies de Mustéliddsr@l europeo y la nutria euroasiatica. El
turén europeo es muy similar genéticamente al visgnpeo y se puede hibridar con él y la
nutria, debido a su mayor territorio vital y movemios puede tener un papel destacado en la
difusion de diferentes patologias. Por ello, eardiites apartados se han incluido muestras de

estos otros dos Mustélidos.

Todo el material analizado se ha obtenido de faomaplementaria a los trabajos impulsados
por las distintas administraciones en el marcadestrategia para la Conservacion del Vison
Europeo (MAGRAMA, 2005), por lo que no se han mmlp trampeos especificos para la
obtencion de muestras. Se trata de un estudiounystda en lo que a obtencion de muestras se
refiere, lo que implica una serie de limitacionesopal mismo tiempo una serie de ventajas

teniendo en cuenta el diferente estatus de protegayrado de amenaza del vison europeo.

El presente trabajo se apoya en cuatro estudiedies, dos relacionados principalmente con
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el AMDV y dos basados en estudios demograficos.

El primer estudio (Apartado 3.1) hace referenda jgrimera deteccion, mediante serologia y
técnicas de PCR, del AMDV en el vison europeo. é@acvirica detectada en la especie no se
correspondia a ninguna otra descrita anteriorméfdsta la fecha no se habian realizado
serologias ni estudios del AMDV en el visén eurgpeoben el medio natural ni en
ejemplares cautivos. El segundo (Apartado 3.2) hacenalisis de las seroprevalencias
obtenidas en vison europeo y americano duranterieidp 1997-2012 en Espafia. La recaptura
de ejemplares ha permitido determinar la incidedelaAMDYV en el visén europeo v, en el

visén americano, determinar la prevalencia enifagathtes clases de edad.

El tercer estudio (Apartado 3.3) describe la esiracdemografica basica de las dos especies
de vison y del turon europeo para poder compagaesinategias demograficas y el impacto de
éstas en su relacion de competencia. La estruckeir@dades de poblaciones de vison
americano sometidas a control puede variar endardegl método, la intensidad y la duracion
de las capturas (Withman, 2003). En este contektafimo estudio (Apartado 3.4) se centra
en determinar los posibles cambios demograficosremn poblaciones de vison americano

sometidas a diferente intensidad de control pdoaareel posible efecto del trampeo.

En breve, la determinacion de las edades en carcisaarnivoros semiacuaticos se ha
utilizado para: a) realizar una correlacion comreslultado serologico del AMDV en visén
americano, b) determinar los parametros demoggafiésicos de tres especies de carnivoros
semiacuaticos y c) en visdn americano, determindres poblaciones distintas los posibles
efectos en la demografia en funcion de la presédinainpeo y determinar un método simple y

eficiente para monitorizar los resultados obten&tos| control de la especie invasora.
En la Tabla 1 figuran las muestras obtenidas g$tsdios realizados con cada una de ellas. En

los visones americanos se analizaron muestrasisaagwobtenidas antes del sacrificio de los

animales asi como las muestras obtenidas duramedadpsias de los mismos.
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Especie

Tipologia

Origen muestras

Estudios realizad

Vison Europeo

Animales vivos

Estudio distribucién en toda su area

Estudios periédicos en rios

seleccionados.

492 serologias AMDV en 410 visones

europeos diferentes.

Estudio prevalencia (h= 475) e incidencia (59

Trampeos captura fundadores programaanimales recapturados)

de cria.

Captura accidental en trampeos de vison

americano.

Animales muertos

Atropellos (37)

Otras causas: Enfermedad (6),
No determinado (6), Ahogado (3),
Depredacion (2)

Estructura demogréfica (n=54)

Visén Americano

Animales vivos

(pre sacrificio)

Captura en los programas de control

como especie exatica invasora

Prevalencia AMDV (1.735 serologias)

Animales muertos

Capturados (1.614)

Atropellos (37)

Otras causas: No determinado (6),
Depredacion (2), Enfermedad (2),
Ahogado (1), Agresion (1)

Estructura demografica (n=1.661)

Valoracién estado reproductivo en 27

hembras capturadas en abril

Valorar la demografia en tres poblaciones

bajo control (n= 1.306)

Turdn europeo

Animales muertos

Atropellos (45)

Otras causas: Perros (2),

No determinado (2), Enfermedad (1),
Ahogado (1)

Estructura demogréfica (n=51)

Tabla 1 Resumen de las muestras incluidas en el presstitdie. Periodo 1997-2012.
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3.1. Aleutian mink disease parvovirus in wild ripatian carnivores in Spain

Introduction

The European minkMustela lutreold is one of the most threatened terrestrial maminals
the world (Schreibeet al, 1989; Camby, 1990; Saint-Girons, 1991). Althotlgtse animals
were once widely distributed throughout Europe (Ygman, 1982), their distribution is now
restricted to a small fraction of their historioge. The remaining populational nuclei, which
are isolated and distant from each other, aretseiiuia eastern Europe, southern France and

northern Spain.

Several factors have been implicated in the dramdecline of this mustelid throughout
Europe (Camby, 1990; Saint-Girons, 1991; Rozhn®831 Maran and Henttonen, 1995;
Palazon and Ruiz-Olmo, 1997). These include the tfshabitat, excessive hunting and
trapping, pollution, and interspecies competition the larger American minkMustela

vison). Nevertheless, according to currently availakdéagdnone of these factors alone can

explain the decline of the native species (Marahtenttonen, 1995).

With regard to the introduction of the American Ryiboth interspecies competition (Maran,
1989; Maranet al, 1998b) and the possible introduction of exotgedses have been cited
as possible causes for declines (Henttonen anch&n|dl983; Henttonen, 1992). American
mink have been raised on commercial European nankd since the start of the twentieth
century. Both accidental escape and deliberataselef these animals has led to substantial
feral American mink populations throughout Europeiistone, 1993). The American mink
have negatively affected the European mink as altre§ competition (Sidorovich, 1992;
Maranet al, 1998b), although in many areas the decline t¥@anink was evident prior to

the arrival of the exotic species.

A similar situation exists in Spain. Since thetfllemonstration of American mink as a wild
species in the Iberian Peninsula in 1978 (Ruiz-Okhal, 1997), the number of existing
wild American mink populations in Spain has expathavidely (Ruiz-Olmeet al, 1997).

Because the present range of the European min& Isnted, the presence of American

mink farms and the abundance of these animalseiwild pose definite risks to continued
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survival of the native species.

One risk that the exotic American mink poses isittioduction of infectious diseases or
strains of infectious agents that are particuladjeterious to the European mink. Among
these infections, Aleutian mink disease parvov{ABYV) is of particular interest because of
its high prevalence on fur farms and because afh&sacteristics. ADV is highly persistent
in the environment (Hansen, 1985). Disease maypbead by asymptomatic carriers, and
transmission can be both horizontally, by urineefe saliva and vertically (Kenyaat al,
1963b; Gorhanet al, 1964; Gorhanet al, 1976).

In American mink, ADV can cause different syndromaspending on host factors, such as
age and genotype, and the virulence of the viralrs{Bloomet al, 1994). It produces acute,
usually fatal, interstitial pneumonia in seronegatneonatal American mink (Alexandersen
et al, 1994; Bloomet al., 1994). The classic form of Aleutian diseaseharacterized by
persistent viral infection, the development of plasytosis, hypergammaglobulinemia, and
immune complex-mediated glomerulonephritis andritidein adult mink (Porter, 1986;
Bloom et al, 1994). In addition, some animals can have appaeent infection (Aret al,
1978; Hadlowet al, 1985) while others can clear the infection (léadlet al, 1985),
although it is uncertain if this is a consequentd&ast factors or the particular isolate of
infecting virus (Foxet al, 1999). In addition to direct mortality, ADV irdgons can lead to
population declines by causing a decrease inifgrihd spontaneous abortions (Padgetit
al., 1967; Haagsma, 1969; Gorhatral, 1976; Hansen and Lund, 1997). In brief, theesaar

number of ways in which ADV could lead to populatideclines.

In spite of the fact that ADV infections are so esgread on mink ranches and in ferret
populations worldwide (Hansen, 1985; Welchmemal, 1993), information concerning the
impact of ADV on related species is limited. It hbbsen suggested that a number of
mustelids, including short-tailed weaséMystela erminep fishers Martes pennanjj
marten Martes americang and otters L{utra canadensiscan be infected with ADV and
serological evidence for infection in striped skuiMephitis mephitis raccoonsKrocyon
lotor), wild American mink and foxes/(lpes vulpeshas been detected (Ingram and Cho,
1974; Kenyonet al, 1978; Alexandersent al, 1985). Furthermore, a role for American

raccoons in the transmission of virus has beenesigd (Oiect al, 1996) and viral DNA
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sequences have been identified in feral Americasa@ns and striped skunks (Gae al,
1996). To our knowledge, data does not exist onptieealence of ADV in wild, riparian
carnivores in the Paleartic region, although in stugly its presence was suspected in a wild
Eurasian otterl(utra lutra) (Wellset al, 1989). Therefore, the knowledge of the prevaenc
and effects of this disease in a threatened spdikeshe European mink, and in other
riparian carnivores such as the Eurasian ottert@dEuropean Poleca¥i(istela putoriug

may be of importance for their conservation.

Material and Methods

Serum samples were collected from 12 European riimke adults and three subadults)
trapped at La Rioja (seven), Alava (two), Burgago(t and Soria (one) and 16 American
free-ranging mink (11 adults and five subadultapped at Segovia (nine), Alava (three),
Madrid (one), A Corufia (one), Girona (one) and €&st (one). The animals were captured
between November 1997 and November 1999 in 20 x 80 cm wire cage traps (home-
made), and injected intramuscularly with an anésthe€ombination of Ketamine
hydrochloride (Imalgene 1000, Merial, Lyon, Franaéh xylazine hydrochloride (Rompun,
Bayer AG, Leverkusen, Germany) or medetomidine dwgfloride (Domtor, Orion
Corporation, Espoo, Finland). Blood samples welleected by jugular venipuncture or by
toenail cutting into heparinized and non-heparidizapillary tubes. After the animals had
recovered from anesthesia, they were releasedlog§era evidence of ADV infection was
evaluated by counter immune electrophoresis (CERP)gua commercial test antigen (United
Vaccines, Inc. Madison, Wisconsin, USA) (Bloosh al, 1975; Oieet al, 1996). The
presence of elevated serum gamma globulins wagexb&y serum protein electrophoresis
(Bloom et al, 1975). Technical considerations (small volunieserum, broken capillary
tubes, serum hemolysis) made it impossible to perf€GEP endpoint determinations by
testing serial dilutions or to do both CEP and seprotein electrophoresis in every case.
Nevertheless, the presence of a positive CEP o#aainder the conditions we have
employed is considered diagnostic of ADV infect{@toom et al, 1975; Oieet al, 1996).

No samples of blood or tissue from live capturednats were available for DNA studies.

Carcasses from one adult Eurasian otter from Loge, adult European mink from Alava

and five American mink (four adults and one subgdubm Madrid (two), Burgos (one),
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Segovia (one) and A Coruiia (one) were available stody. Serological analysis had
previously been completed on two of the AmericanknOrgan samples from kidney, lungs,
spleen, mesenteric lymph node, liver, heart, imestand muscle were submitted for

pathological study to determine if lesions chanastie of ADV infection were present.

Samples of spleen, mesenteric lymph node, liverkaaidey from each animal were pooled
and whole cell DNA was isolated (Ot al, 1996). Polymerase chain reaction (PCR) was
done on an aliquot of DNA from each animal as presiy noted (Oiet al, 1996; Bloomet

al.,, 1997). The ADV DNA product from positive PCR cdans was sequenced; this
segment contains the hypervariable region of th2 ¥dpsid protein gene (Oie et al., 1996).
Because the overall length of VP2 for the SpaniBVAamples was not known, it was not
possible to assign residue numbers that correspmrtde other sequences. Therefore, the
first amino acid is numbered “1”. The predicted mmacid sequences were compared with
that published for other American and European ABdlfates (Oieet al,, 1996; Schuierest

al., 1997), as well as an isolate of ADV derived fréarrets (ADV-Ferret) (Saifuddin and
Fox, 1996). We have denoted the Spanish ADV as A3/-The GENBANK Submision
numbers for the ADV-ES sequences are AF 20538R@9381, AF 205382.

Results

Counterimmunoelectrophoresis (CEP) was performedlénof the 16 serum samples
obtained from American mink. None of these seraegapositive reaction for antibody to
ADV. In addition, 15 of 16 of these animals hadmgaa globulin levels <20% of the total

serum proteins (mean=6%, range = 3-15%).

One American mink, captured near Segovia in Augl899, had a gamma globulin level of
27%. This value is consistent with progressive Aibféction (Bloomet al, 1975; Oieet al,
1996); however, there was insufficient serum tdgeer CEP on this animal. Consequently,

it was not possible to state with certainty if targmal were infected with ADV.

CEP also was performed on nine of 12 serum sanopliegned from free-ranging European
mink. Three of these samples were positive forbadiy to ADV (one adult and two

subadult) trapped at La Rioja (two) and Burgos Jone
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None of 11 European mink serum samples performddyaenma globulin levels suggestive
of progressive ADV infection (mean= 13%, range=6%20The ADV positive mink all had

levels < 13%.

Carcasses from seven animals were available fdysfive American mink, one European
mink and one Eurasian otter. Two of the Americankriad previously tested negative for
ADV by CEP. Microscopic lesions consistent with ARre observed only in a solitary feral
American mink (Colas MV2), road-killed near MadimdSeptember, 1998. This animal had
glomerulonephritis and plasma cell proliferatiorttwinfitration into liver, spleen, kidney

and mesenteric lymph node. None of the other asitmadi pathological evidence of AD.

ADV sequences were detected by PCR in whole celAldm four animals: two American
mink (ADV-ES(MV1) and ADV-ES(Colas MV2)), includinghe one with microscopic
changes consistent with AD, one European mink (AES{Andres ML1)) and a Eurasian
otter (ADV-ES(LL6)) (Oieet al, 1996). Thus, four of the animals were infectethwADV

but only a single mink had microscopic changeypical disease.

In order to compare the sequence of the VP2 capmig of the Spanish ADV (ADV-ES)
with the corresponding segment of other ADV isdateCR products were purified and
DNA sequenced. The amplified portion of the genat&ios sequence encoding the
hypervariable region of the VP2 capsid protein ofBh et al, 1988). Although the
hypervariable region sequence does not correlatie wiulence or pathogenicity, it is a
useful tool in identifying different isolates of AD(Oie et al, 1996; Saifuddin and Fox,
1996; Bloomet al, 1998; Foxet al, 1999). Sequence information was obtained fansvir
from three animals: a European mink (Andres ML) Aamerican mink (Colas MV2), and
the Eurasian otter (LL6); the Colas MV2 mink hadides characteristic of ADV on
pathological study. Comparison of the predictedramacid sequences suggested that the
Eurasian otter (LL6) and the American mink (ColagNlwere infected with the same virus.
However, the sequence of the ADV-ES obtained froenEuropean mink (Andres ML1) was
different (Fig. 7).

The ADV-ES sequences also were compared with thieegmonding sequences from a
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number of American ADV isolates (ADV-G, ADV-TR, ADVtah, ADV-Pullman), a
Danish isolate (ADV-DK(zk8)), and ADV-Ferret (Gattglk et al., 1991; Oie et al., 1996;
Saifuddin and Fox, 1996). The ADV-SL3 isolate fr@ermany has a sequence identical to
ADV-G in this study (Schuieregt al., 1997). None of the Spanish sequences wergical

to those reported for other ADV isolates. Howevke LL6 and the Colas MV2 ADV-ES
sequences shared a ---QXQLEWTGT--- motif presenthin hypervariable region of the
Danish isolate of ADV and most pathogenic Ameritsaniates (Oieet al., 1996). The Andres
ML1 shared only four residues in the hypervariatdgion, and thus appeared distantly
related to any of the described isolates. Nonéhese¢ ADV appeared similar to the ADV-
Ferret sequence (Saifuddin and Fox, 1996).

Discussion

In this study we have identified the presence oVAD free-ranging, riparian carnivores in

Spain. It was not possible to define a role for ADNections in the population declines of

the European mink. However, our results suggestadADV infections are present among
free-ranging riparian carnivores in Spain. Consatlye continued investigations are

warranted on both European and American mink, Eamagstters, and also related species
like the European polecaM(stela putorius Additional surveys on both live captured and
dead animals will provide a more accurate assedswie®DV infection in the wild

populations at risk.

Neither of the two different sequences types of VAD Spain appeared identical to other
isolates reported in Europe or in North Americay(Fi) (Gottschalk et al., 1991; Oie et al.,
1996; Saifuddin and Fox, 1996; Schuierer et @97). This finding suggested that the
Spanish ADV did not derive from a previously delsed isolate. We plan to obtain ADV
samples from other areas of Europe and make cosgpariof the DNA sequences. This
information will enable us to assess the spectrtidlV in Europe and perhaps to derive a

phylogenetic tree.
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Fig. 7 Comparison of Spanish Aleutian mink disease@arus (ADV) VP2 capsid gene sequences with
American and European ADV isolates. The translat®ého acid sequences from ADV-ES (Colas MV2),
ADV-ES (Andres ML1), and ADV-ES (LL6), were alignétti the corresponding VP2 regions from ADV-G,
ADV-TR, ADV-Utah, ADV-Pullman, ADV-DK (zk8) and AB#&tret using the Megalign module of DNASTAR
(DNASTAR, Inc., Madison, Wisconsin). The residuabrars above the alignment refer to the ADV-G VP2
coordinates and hypervariable region comprises ABVP2 residues 231 to 242.

Recent studies have shown that the pathogeniciDdf is in part determined by virally
encoded determinants in the capsid protein betweeno acids 341 and 590 of VP2 (Bloom
et al., 1998; Fox et al., 1999). The limited seaeeobtained for the two Spanish viruses did
not include this region of VP2 (Fig. 7). Consequlent was not possible to speculate upon
their pathogenicity based on the DNA sequence. Wewehe animal infected with ADV-ES
(Colas MV2) had pathology consistent with progresgileutian disease, suggesting that this

virus had pathogenic potential.

Adult mink can be persistently infected with cemtdiypes of ADV, develop anti-viral
antibody, and still not develop evidence of prognes disease (An et al., 1978; Hadlow et
al., 1984; Bloom et al., 1998; Fox et al., 1998)s unknown if subtle infections like this
lead to reduced reproductive success, intersgiti@umonitis in mink kits, or could cause

population declines.

The origin of the ADV infecting the animals is unaén. Since ADV is common on
commercial mink farms, diligence is required touirgsthat infectious virus does not enter
the environment from these operations (Hansen,)198refore, it is imperative to institute
adequate ADV sanitation programs on fur farms ded # establish measures to prevent
animals from escaping. In addition, procedures khdne developed to disinfect animal

remains after pelting.
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Finally, a major goal of conservation programs he trestoration and reintroduction of
threatened native species. This will necessitateaiiscaptive breeding or translocation. In
order to avoid contamination of these facilitiesd aubsequent introduction or spread of

infection, strict protocols will have to be devetalpand monitored.
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3.2. Prevalence of antibody to Aleutian mink dise&svirus in European mink (Mustela

lutreola) and American mink (Neovison vison) in Spain

Introduction

The European minkMustela lutreold is a riparian mustelid species that has suffered
dramatic population decline during the 20th Cenitfgungman 1982; Maran 2007). This
native species is considered one of the most erdedgnammals and is listed as critically
endangered in the International Union for Consémwmabf Nature Red List of Threatened
Species (Maran et al. 2011). The species survivdssis than 15% of its original range in
three isolated populations: NW Russia, Romania/ldkraand France/Spain (Maran et al.

2011). The Spanish population was estimated at €80@s (Palazén and Cefa 2007).

The American mink Neovison visonis a semiaquatic mustelid native to North America
with a similar body size. In Europe, the speciesab®e established and widespread during
the 20th Century after accidental and deliberakeases from fur farms (Dunstone 1993;
Bonesi and Palazén 2007). The introduction and esipa of the feral North American mink
has had negative effects on the European mink Hret native animals (Maran et al. 1998b;
Sidorovich 2001; Macdonald and Harrington 2003jma et al. 2013).

American mink were first recorded as a feral spegieSpain by M. Delibes and F. Amores
in 1978 in Segovia (central Spain) (Unpubl.). Ndwere are five large, widely distributed
populations in Spain, all of which are expandingiigROImo et al. 1997; MAGRAMA

2014). As an invasive species, American mink algest to routine culling in an attempt to

control their population (Bonesi and Palazon 2007).

The expansion of American mink into the range ef tlative species is considered the main
threat for the endangered European mink (Maran Hedttonen 1995; Sidorovich 2001;
Maran 2007; Bdra et al. 2013). Long-term sympatric coexistenicbath mink species has
not been documented (Maran et al. 2011). Howewes, do-occurrence of European and
North American mink alone is not sufficient to exipl the decline of the European mink
because, in many areas, the decline of the natink was evident prior to the arrival of the

exotic species (Lodé et al. 2001; Maran 2007). Bthave suggested that the decline of the
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European mink may be attributed to habitat loserdwnting, or pollution (Youngman
1982; Lodé et al. 2001; Maran 2007). Aleutian mitikease (AMD) and other viral
infections have also been suggested as factorshendecline of the European mink
population (Mafas et al. 2001; Skumatov 2001; pidiet al. 2008).

Infection with Aleutian mink disease virus (AMDWarvoviridag is widespread and
AMDYV is the most significant infectious agent atieg farmed American mink worldwide
(Hossain-Farid et al. 2010; Jahns et al. 2010;ddieet al. 2011; Sang et al. 2012). Due to the
severe economic losses to the fur industry in atlkabreeding countries, there have been
attempts to reduce AMDV prevalence in mink farmsifoplementing serologic screening
programs and culling positive animals (Jensen et2@l1; Espregueira-Themudo et al.
2012). In spite of these efforts, AMDV continues®a significant problem. Several studies
have been conducted to determine the prevalenédMafV antibodies and virus detection
by PCR in free-ranging American mink within its ginal North American range and the

introduced distribution area. The results are suria®d in Table 2.

Infection with AMDV causes acute or chronic diseaséarmed American mink and other
mustelids, depending on host factors such as agetgpe, and the virulence of the viral
strain (Bloom et al. 1980, 1994). These syndronpas §rom acute progressing interstitial
pneumonia with high mortality in newborn mink kitghich are not protected by maternal
antibodies (Larsen et al. 1984; Alexandersen el @34), to a chronic, usually persistent,
immune complex-mediated disease with hypergammatfamia, infiltration of tissues
with  lymphocytes and plasma cells, glomerulonehrit nonsuppurative
meningoencephalitis, decreased fertility/abortiand severe chronic immune dysfunction
with increasing susceptibility to other diseasemydm and Cho 1974; Bloom et al. 1980;
Hansen and Lund 1988; Bloom et al. 1994; Broll Alekandersen 1996).

The Aleutian mink disease virus is highly stabled gmersistent in the environment.
Furthermore, transmission can be demonstrated botizontally by blood, urine, feces,
saliva, and insect vectors or vertically by thesation of kits by infected dams during the
perinatal period (Kenyon et al. 1963b; Gorham e1864; Ingram and Cho 1974; Porter and
Larsen 1974; Hansen 1985; Keven-Jackson et al.al99®6b).
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Geographic area Animals  Prevalence Tebt Reference
tested
Ontario (Canada) 29 55.2% CIEP test Ingram and X7d
Ontario (Canada) 120 61.7% CIEP test Cho and Gieddrif978
Iceland 394 3.5% CIEP test Skirnisson et al. 1990
Spain 14 0% CIEP test Mafas et al. 2001
Spain 5 40% PCR Manfas et al. 2001
Kirov (Russia) 19 61% CIEP test Skumatov 2001
Thames region (England) 27 52% CIEP test YamagamthiMacdonald 2001
France 75 23% CIEP test Fournier-Chambrillon e2@04
Ontario (Canada) 208 29% CIEP test Nituch et 120
Denmark (mainland) 396 3% CIEP test Jensen ebak 2
Denmark (Bornholm) 142 45% CIEP test Jensen (dl2
Ontario (Canada) 183 25% PCR Nituch et al. 2012
Southern England 12 66.7% CIEP test Harrington. X4 2
Nova Scotia (Canada) 60 93.3% CIEP/PCR Hossaim a1 3
Estonia 27 14.8% PCR Leimann et al. 2015
Finland 57 54% CIEP/PCR Knuuttila et al. 2015
Sweden 142 46.1% ELISA Persson et al. 2015
Sweden 139 57.6% PCR Persson et al. 2015
Spain 1.735 32.4% CIEP test This study

ICIEP = counter-current immunoelectrophoresis

Table2 The summary data for studies on Aleutian minkatie virus in free-ranging American mink
(Neovison vison).

Since the first detection of AMDV in European mimk2001 (Mafas et al. 2001), disease
monitoring in this endangered species has beenidmed a priority in the conservation

effort. Routine serologic tests have been includeall field studies where animals are
captured. In France, an AMDV antibody prevalencel@fo (n=99) has been reported
(Fournier-Chambrillon et al. 2004), and no antibpdgitive animals were detected in 84
samples from Navarra (Spain) (Sanchez-Migallonl.e@08). Our objective in this study

was to describe the role of AMDV infection in bathink species (native and introduced) in

their distribution areas in Spain over a 16-yr @eri

Material and Methods

Blood samples from native European mink were olkthiny: (a) surveys of European mink
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in the Spanish distribution areas, (b) periodiciysafion studies conducted in specific river
drainages, (c) campaigns to capture founders ferBhropean mink breeding program in
Spain (2004) (MAGRAMA 2009), and (d) animals captliaccidentally during the culling
and trapping of feral American mink (MAGRAMA 2014)he management protocol for all
captured European mink included blood extractionAIDV antibody tests (MAGRAMA
2005).

Samples from feral American mink were collectedimtyithe population control operations
(MAGRAMA 2014), which were conducted by several gmmental authorities and
performed by rangers and biologists acting as #eppThe captured animals were
transported to an official wildlife center for dlial examination and euthanasia following
the standards of animal welfare and legal proced(MAGRAMA 2014). Both species were

captured in single entry 15x15x60-cm homemade vage traps.

Captured European mink were anesthetized intrantarbgwvith a combination of 5 mg/kg
Ketamine hydrochloride (Imalgéne 1000, Merial, LyoRrance) and 0.10 mg/kg
Medetomidine hydrochloride (Domtor, Orion Corpaooati Espoo, Finland). Atipamezole
(Antisedans, Orion Corporation, Espoo, Finland) waed for reversal at five times the
Medetomidine dose. All European mink were clinigaixamined and bled by jugular
puncture; sex and weight were recorded, and theg werked with subcutaneous passive
transponder tags for identification. After recovegm anesthesia, they were released at their

capture locations. Sera were stored at -20 C tasied.

American mink were also anesthetized, and bloodokzsmwere collected from the jugular
vein or by cardiac puncture. After data collecteond while still under anesthesia, animals
were sacrificed following the welfare legal starfarand submitted for postmortem
examination (MAGRAMA 2014). Necropsies included naguctive examination and
extraction of a canine tooth for age determinatf@nly 2% of these samples were obtained
at sites within a 50 km radius of active fur farmksgure 8 shows the American mink
distribution in Spain (Bravo 2007) with the six pdgtions included in this study.
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Fig. 8 The distribution of American mink (Neovison vison$pain (adapted from Bravo 2007) with the six
populations included in this study; BC: Basque Qou(n=231); CS: Central Spain (n=1,125); C: Catala
(n=265); TC: Teruel-Castellon (n=53); G: Galicia #34) and LR: La Rioja (h=27). Each dots represents
presence of the species.

Testing for AMDV antibody was performed in serummgdes by counter-current
immunoelectrophoresis (CIEP; Bloom et al. 1975; @ial. 1996) using the same procedure
performed in mink farms for serologic screeninghédn et al. 2011; Espregueira-Themudo
et al. 2012).

To avoid disturbance during the reproductive pertoabping was halted between May and
August in the European mink distribution area. Aalisncaptured between January and April
were assigned to the prereproductive period, andettcaptured between September and
December were assigned to the postreproductivege@nly animals captured during the
prereproductive period were included in the weighalysis to avoid the smaller size of

subadult animals and difficulties in separatingasiuit and adult animals.
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The prevalence of AMDV antibody was defined as pieecentage of individuals with a
positive CIEP test. For animals recaptured mora thiace per year, the latest result was
used. Animals recaptured during the 45 d followangrevious capture were not subjected to
anesthesia or blood extraction. The true incidesfcAMDYV infection was calculated by
dividing the number of animals that seroconvertgdhe period at risk (days between two
negative tests or days between a negative and idvpogest divided by two). For this
purpose, one animal that showed a negative resttden two positive tests was considered

a false negative result.

Necropsies of the American mink included the roaitéxtraction of one canine tooth from
each specimen for age determination. Annuli indbetal cementum were counted and the
age was estimated using the standardized, spgmesiis age analysis models of Matson’s
Laboratory (Milltown, Montana, USA) following theown internal protocol (Matson 1981).
Individuals were divided into age classes at Inenvals. Animals without cementum annuli
and with open apical foramen were classified asbadult or in the 0+ group (animals <1 yr
old) and samples with one or more cementum anrelewlassified as adult. We assumed a
fixed date of birth of 1 May, based on bibliograpt8idorovich 1993; Bravo and Bueno
1999; Garcia-Diaz and Lizana 2013).

American mink mating takes place in the first 3 @ikMiarch and kits are born by late April
or early May, with an average litter size of sitsk{Espregueira-Themudo et al. 2011).
Considering these dates, the uteri from 27 Amermoark (4+ yr or less age class) trapped in

April were examined for embryos by eye and microscally.

EpiCalc 2000 (http://www.brixtonhealth.com/epichtel) was used to estimate the 95 %
confidence intervals (CI). A chi-square analysisswased to test for significance of
differences in AMDV antibody prevalence betweeneseXA one sample Z-test was used to
estimate the proportion of prevalence between gsyiand analysis of variance was used to
compare weight differences between positive anétingy European mink using IBM SPSS
Statistics 19 software (New York, USA).
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Results

European mink

From 1997 to 2012, 410 individual European mink eveaptured (245 males and 165
femalesp<0.01) in the Spanish distribution area, and 49@reesamples were obtained. For
animals recaptured more than once during the saare the prevalence was calculated using
the latest sample obtained (475 serum samplesal@& and 197 females). One hundred
fifty-two samples were antibody positive (32%, 938 : 27.8-36.4%). There were no
statistically significant differences between feesaland males (33.5% and 30.93%,
respectively) or between prereproductive and ppstriictive periods (34.8%, n=181 and
30.9%, n=288) >0.05 in all cases). Figure 9 shows the locatiomere positive and
negative European mink were captured and the twieeadmerican mink farms present in
the area (MAGRAMA 2014).
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Fig. 9 The distribution of European mink in whole Spaidajted from Palazén and Cefia 2007 —upper left
corner- and locations where Aleutian Mink Diseasav@virus-positive (black stars) and -negative gehi
circles) European mink were captured (prevalencés32=475). The location of two active American mink
farms are shown (black square).
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The prevalence of AMDV antibody by year is summedizn Figure 10. Samples obtained
between years 1997-2000, 2004-2005 and 2006-200¢€ wamnbined to avoid collection

intervals with <10 samples. The total number of glas processed in each period ranged
from 16 to 60. The prevalence estimates suggestedcaease during the study period, but

the differences were not significant (R=0.5p%0.79).
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Fig. 10 The prevalence of antibody to Aleutian mink disedses in European mink in Spain by year with
95% confidence intervals. The samples obtaineddsivi 997 and 2000 and those from 2004-2005 and-2006
2007 were combined (overall prevalence=32%; n=475).

Body weights of antibody-positive and negative Epa@an mink during the prereproductive
period were similar. The mean weights for femalenkmivere 513 g for positive (n=17,
SD=72) and 508 g for negative animals (n=33; SD=6Rf mean weights for male mink
were 863 g for positive (n=42; SD=103) and 856 grfegative animals (n=83; SD=108).
These differences were not statistically signiftog=0.063,p=0.8 for females and F=0.122,

p=0.7 for males).

Fifty-nine mink (14.4% of the sampled animals) wexeaptured during the study period: 42
were captured twice, 12 captured three times, 4uoagh four times, and one was captured

five times. The AMDV antibody results from the filsample were negative in 41 animals
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(70%) and positive in 18 (30%). The antibody premak in recaptured animals was similar

to the prevalence in the overall population (z-eed.23;p=0.8).

The mean number of days between consecutive capwas 326 (range: 45-1,076). The
mean distance between consecutive captures wa® 817§=82, range: 0-39,727 m). Six
recaptures (7%) were more than 10,000 m from theigus capture site and only three (4%)
of the animals were recaptured more than 30,00bm the previous capture site. Of the 82
recaptures, 55 animals maintained the previoudaproesult (34 negative and 21 positive
in the two controls), while 20 animals seroconwri®dm negative to positive and seven
positive animals became negative by CIEP. Thuspteiced mink during the study period
showed an incidence of AMDV infection of 0.46 peimaal-year at risk, while the incidence

of loss of detectable antibody was 0.18 per aniyeal-at risk.

American mink

We analyzed 1,735 American mink serum samples. e'h@sk were captured in the five
Spanish distribution areas of the species andahger expansion area between two of these
populations (La Rioja population; Fig. 8). The mijo of sampled animals were males
(61.5%). The prevalence of AMDV antibody in thisesggs was almost identical to that
obtained for European mink: 32.4% (n=1,735, 95% &:2-34.6%). The prevalence in
females was 33.2% (n=668, 95% CI: 29.6-37.0%),iamdales it was 31.9% (n=1,067, 95%
Cl: 29.0-34.7%).

However, prevalence varied geographically. Sigariicdifferences were detected between
Catalonia and all of the other regions. The prewads from Basque Country and La Rioja
populations were also different from the prevalasnoeCentral Spain and Galicia (Table 3).
Subadult animals (0+ age class) represented 52.%5%alloanimals (551 samples,
subadult:adult ratio = 1.1). The prevalence in suktta was lower than in adults (22.3%, CI
95%: 19-26 vs 35.5%, CI 95%: 31.3-40, z-score=34p& 0.001). The prevalence increased
with age (R=0.88p<0.05) (Table 4).
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n Positive Prevalence 95% ClI BC CSs C TC G LR

animals (%)

European mink 475 152 32.0 27.8-36.4

gri'r‘]i”ca” All samples: 1,735 562 32.4 30.2-34.6
Basque Country (BC): 531 55 23.8 18.6-30 - e e NS ® NS
Central Spain (CS): 1 105 454 40.3 37.4-432 %% .. ® NS NS *
Catalonia (C): 265 15 5.6 327928  ws e we wx
TeruelCastellon (TC): 53 47 320  202-463 NS NS ** -~ NS NS
Galicia (G): 34 16 470 301-645 = NS ™ NS - %
La Rioja (LR): 27 5 185 7387 NS+ % NS * -

NS= not significant; 1<0.05; ** p<0.01; *** p<0.001

Table 3 The Aleutian mink disease virus antibody prevateanad 95% confidence intervals (Cl) measured in
European mink (Mustela lutreola) overall and for @msan mink (Neovison vison) in the six areas inip
with American mink populations, 1997-2012. Asteriskthe last 5 columns indicate significant diéieces in
prevalence between areas.

Age class n Positive animals Prevalence (%) 95% ClI
0+ 551 123 22.3 19.0-26.0
1+ 281 98 34.8 29.4-40.8
2+ 122 33 27.0 19.6-36.0
3+ 53 22 415 28.4-55.8
4-7+ 42 24 57.1 41.0-72.0

Table 4 Aleutian mink disease virus antibody prevalenog @5% confidence intervals (Cl) by age class of
captured American mink (Neovison vison) in Spa@97:2012. See Materials and Methods for explanaion
age classes.

Of 27 females captured in April 15 were AMDV antilyonegative and 12 were positive.
Age determination suggested that 50% of female® wetheir first reproductive period in
both cases. No pregnant females were detectedda (B0%) of the antibody negative and in
six (50%) of the antibody positive animafs=0.05). There was no significant difference in
the mean number of embryos per pregnant femaledeetwhe positive (mean = 6.0) and
negative (mean = 5.6) animals.
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Discussion

Aleutian mink disease virus is currently endemighly prevalent and widely distributed in
the Spanish population of European and Americarkmiime observed AMDV antibody
prevalence in European mink (32%) was higher tlmat teported in France (18%, n=99;
Fournier-Chambrillon et al. 2004) or in a previaigdy from Navarra, Spain (O of 84 tested
animals; Sanchez-Migallon et al. 2008). Our stumjuded 30 serum samples from Navarra
that were obtained before the study by SancheziMigat al. (2008); in these samples, we
identified six antibody-positive animals (20% prievece, 95% CI: 8.4-39.1%). Our results
and the virus characteristics (highly stable andiptnt in the environment) suggest that the

presence of AMDV in Navarra should be re-evaluated.

The year 2010 was a notable exception to the toémucreasing prevalence with time in the
European mink population (Fig. 10). Samples froi@®ere primarily from Zaragoza and
were collected shortly after the colonization ofthrea by European mink (Gémez et al.
2011). The variation in antibody prevalence in Aicean mink populations among regions
may be related to time since introduction of AMDRhe highest prevalence was in Galicia
(Table 3), which has 80% of the active mink farmsSpain (MAGRAMA 2014). The two

areas with the lowest prevalence were Cataloniagravithe virus was recently introduced
(the first antibody-positive animal was detected 20805, after >70 mink had been
investigated) and La Rioja, an area recently cakshiby American mink invading from the

Basque Country and Central Spain populations.

Our finding of a bias towards males in the samplisgpports results of Buskirk and
Lindstedt (1989) who attributed the male bias imgked mustelid species to differences in
capturability resulting from sex-specific home-rargjzes and higher mobility in males. The
home range sizes of European and American male am@Karger than those of females
(Palazon and Ruiz-Olmo 1993; Garin et al. 2002; afabet al. 2007). An absence of
differences in the prevalence of AMDV antibody beén sexes was also reported in
European and American mink by other investigatdfanfaguchi and Macdonald 2001;
Fournier-Chambrillon et al. 2004; Hossain-Farid 20Mink are solitary species, especially
European mink. This behavior may increase theivelamportance of vertical or perinatal

transmission and infection during mating contastdiich equally affects both sexes,
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minimizing other transmission modes related to otloeial behaviors.

As expected for a chronic infection, the prevaleimcAmerican mink increased with the age
of the animal. Similar results have been previowddgcribed (Yamaguchi and Macdonalds
2001; Persson et al. 2015).

Low reproductive parameters were detected in isk@merican mink females reared in
captivity (Jahns et al. 2010). This supports ondifig of a higher proportion of nonpregnant
females in the antibody-positive group (50%, n=#@)sus the antibody-negative animals

(20%, n=15), although the mean number of embryopmgnant female was similar.

Our finding of no differences in weight between ipes and negative animals in the
prereproductive period suggests that infectionrftadetectable effect on mink body weight.
Animals with progressive AMD may have low trapaiilor, alternatively, this effect cannot

be appreciated until progressive AMD ensues.

Since our study began, AMDV-positive European midve been found throughout the
distribution area and not only in areas where tlaeeefur farms. Fournier-Chambrillon et al.
(2004) also found antibody-positive animals outsifiehe areas where American mink are
found. These findings also suggest that infectimmfthe invasive American mink is not
currently affecting the transmission of AMDV to ivat mink. Nevertheless, mink farms can

act as sources of AMDV transmission to the wildtgidh et al. 2011).

European mink have linear territories along waterses with maximum ranges of 17 km for
males and 6 km for females (Palazon and Ruiz-Ol8f8;1 Garin et al. 2002; Palazén and
Ceina 2007). In the 82 recaptures that occurrecb®minks, the mean distance between
captures was 3.7 km, but some animals were re@ptuearly 40 km from the previous

capture site (linear distance, much longer follaywvatercourses).

Due to the critical status of the European minky &mctor that negatively affects the
population may have severe repercussions on theepgation of the species. Despite that we
have not observed any obvious negative effects DX among the antibody-positive

animals in this study, AMD can potentially affebietsurvival of the species and serious
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efforts should be undertaken to reduce the trarssomsof AMDV in the European mink
population. Thus, it would be advisable to use dxosity protocols in American mink farms
and in captured European mink to avoid the sprdaimfection. Only antibody-negative
European mink should be incorporated into captne2ting programs. Determination of the
specific viral strains present in populations amthplogy studies need further attention in

the endangered European mink.

65



66



3.3. Demographic structure of three riparian mustald species in Spain

Introduction

The European minkMustela lutreola and European polecad¥(istela putoriuy are small-
size mustelids endemic to Europe. The first speasieme of the most threatened species in
the world, is classified by the International Unifam Conservation of Nature as “critically
endangered” and is distributed in a few small igslapopulations in Northern Spain,
Western France, Romania, Ukraine and Russia (Metrah 2011). Habitat loss, pollution,
over-hunting and diseases have been reported abjgosauses of this decline (Camby
1990; Saint-Girons 1991; Rozhnov 1993; Maran andttdaen 1995; Palazon and Ruiz-
Olmo 1997; Manas et al. 2001). Competition with #tien and invasive American mink
(Neovison visonis currently the major conservation problem foistspecies (Maran and
Henttonen 1995; Ruiz-Olmo et al. 1997; Maran el @88b; Sidorovich 2001; Maran 2007,
Podra et al. 2013).

The European polecat is widespread in the westalaeRrctic up to the Ural Mountains in
Russia (absent from such areas as Ireland, nor®esindinavia and much of the Balkans
and eastern Adriatic coast). This population apptabe stable in the eastern portions of its
range but is decreasing in the Central and Westegions of Europe (Fernandes et al.
2008).

The two species are native in Spain and share pa@tsm problems (Palazon and Cefia
2007; Virgos 2007). The European mink's Spanishufaion was roughly estimated at less
than 500 adult individuals (Palazén and Cefia 20@Wgreas the status of the European
polecat varies widely across Spain but with a commecreasing trend in the population
(Virgos 2007).

The American mink is native to North America. Thsies was imported into Europe for
fur farming at the beginning of the 20th centunyd after deliberate or accidental escape,
this invasive species became established and wiels$pn the natural environments of
many European countries (Dunstone 1993; Bonesi Raldzon 2007), including Spain
(Ruiz-Olmo et al. 1997).
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All three species are generalist predators witlgarran habitats and have similar body sizes
(range of 0.4-2.2 kg, including both sexes and eaegories; Palazon and Cefia 2007;
Bravo 2007; Virgos 2007; Melero et al. 2012; Zalkved Bartoszewicz 2012) and similar
seasonal breeding patterns. Females breed infitstiyear of life and have a single litter
per year (Pilbeam et al. 1979; Dunstone 1993; Astastsky and Ternovskaya 2000;
Amstislavsky et al. 2009). Their feeding habits ammilar, and food sources primarily
include amphibians, fish, crayfish, small mammatsl dirds (Lodé 1997; Maran et al.
1998a; Sidorovich 2000; Sidorovich et al. 2001;aRah et al. 2004). Habitat use is similar
for both mink species, whereas that of the polappears to be somewhat less specialized in
semi-aquatic life and riparian ecosystems tharother species (Sidorovich and Macdonald
2001; Harrington and Macdonald 2008). All of théselings make all three species good
candidates for establishing a competence relatipnatriparian habitats, and according to
the literature, the American species is the ond bemefits most because it is more
aggressive and versatile (Maran et al. 1998b; 8idon 2001; Sidorovich and Macdonald
2001; Macdonald and Harrington 200®dPa et al. 2013).

Management actions in Spain involve control of Biva species, particularly to protect the
endangered species (Bonesi and Palazon 2@@ifaft al. 2013). These control efforts are
undertaken via administrative permissions and o&i@imal welfare. Despite this control,

which has been established for more than 10 y#aesAmerican mink population is still

expanding in Spain (Bravo 2007; MAGRAMA 2014). Taeimals collected during these
operations gave us an opportunity to obtain a |asegaple to study the demography of the
American mink and subsequently compare these sewiith the demography of the native

species obtained primarily from road casualties.

Age estimation of free-ranging animals is an imaotttool for wildlife management and

studies (Alexander 1958; Morris 1972). In a presistudy, Whitman (2003) stated that age
determination in American mink is a simple andaiint indicator of harvest pressures. Age
determination also can be useful for creating epidgic models for chronic disease, as

recently used for Aleutian mink disease parvov{Rersson et al. 2015).

In our study species, age is impossible to determisually in adults, and sub-adult animals
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older than eight months are difficult to distingufsom adults (Whitman 2003).

Counting of the annuatementumlines in teeth sections is a method widely appired
carnivores because it is an accurate method fonatshg age in years (Morris 1972; Grue
and Jensen 1979Cementunanalysis in our study species was previously peréa with
success and currently is the only accurate metlicabe determination for these species
(Danilov and Tumanov 1976; Matson 1981; Dunstor@31$idorovich 1997; Ansorge and
Suchentrunk 2001).

During the last decades, several investigations ihé three species studied in this work
were performed in Europe. However, the populatiomcture was scarcely assessed in
specific areas and often for a single species (Damind Tumanov 1976; Sidorovich 1997;
Ansorge and Suchentrunk 2001; Whitman 2003; Hamma¢r2004; Bonesi et al. 2006;
Kristiansen et al. 2007; Persson et al. 2011). Ttheslack of such information affects the
ability to construct precise demographic modelsabiity analyses, competition
assessments, or evaluations on the effectivenessulbhg programs. Availability of
information on the age structure in populationshef three species is especially scarce for
the Southern European ecosystems, despite its fammar in control operations or
conservation programs for the endangered specxeshEse reasons, our main goal was to
fill this gap and improve knowledge on the popuatdemographic structures of the three

species in Spain.

Material and methods

Between 1998 and 2012, a total of 1,661 Americankmb4 European mink, and 51
European polecatsriginating from Northern Spain were collected yeaund for post-

mortem analysis. American mink were obtained pritpdrom live-trapping campaigns

included in a government endangered species catgarvprograms (97%), whereas the
origins of the European mink and European poleeatwwrimarily road casualties (68.5 and
88%, respectively). Other death causes includeadéesepredation, drowning, or unknown
causes (Table 5). Geographic origin and informattonsamples collected per year are
shown in Fig. 11 and Table 6, respectively. Americaink were captured in wire mesh

traps (60x15x15 cm), as authorized by the Auton@nauthorities, and transferred to
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official wildlife rehabilitation centers for euthasia following the legal requirements for
animal welfare. American mink samples were obtairfien the five wild Spanish
populations (Bravo 2007). Only 1.3% of these samplere obtained from Provinces with

active fur farms. We assumed that no ranch-raise#& mere included in this study.

Species n Sex Body mas$ Death cause
M/F/ND? (MeanSD) (g)
Capture — Road Other
Sub-adult Adult Sub-adult Adult euthanasia casualties
Male Male Female Female

N. vison 1661 1027/634/0 1.125(x283) 1,227 (+265) 626 (£131) 679 (+127)

n=533 n=448 n=291 n=326 1.614 35 12
M. lutreola 54 35/16/3  771(x230) 768 (x215) 361 (¥51) 470 (£63)

"8 n=9 n=4 n=7 0 37 17
M. putorius 51 31/16/4  1.145(x254) 1,349 (+262) 936 (+210) 726 (¥91)

n=8 n=4 n=5 n=3 0 45 6

& M.F.ND: Male. Female. Not determined

b63 American mink, 26 European mink and 31 EuropgeEadacat with non-valuable weight
°Not determined (6), predation (2), disease (2)wdeml (1), injury (1)

dDisease (6), not determined (6), drowned (3), piedq2)

eDogs (2), not determined (2), disease (1), drowied

Table 5 Species, number of samples, sex, body mass anel chdsath for all animals included in the current

study.
Period American mink  European mink European polecat
N. vison M. lutreola M. putorius

(n=1644) (n=54) (n=51)

1998-2001 56 17 12
2002 168 5 7
2003 265 6 8
2004 254 3 6
2005 224 3 7
2006 220 1 3
2007 296 2 0
2008 130 2 0
2009-2012 31 15 8

@ Seventeen American mink without exact dates ofrdea

Table 6 Animals collected for study during the differentipés.
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Fig. 11 Geographic origin of all animals included in thermnt study. N.v.: American mink (n=1,661); M.|.:
European mink (n=54); M.p.: European polecat (n=51)

Twenty-three European mink samples (42.6%) weraiodd from decreasing population
areas with a presence of American mink (Basque ®gumwhereas the remainder of the

samples (n=31) were obtained from areas prior écettpansion of the American mink over

its distribution range (La Rioja, Navarre, Castllkeon and Aragon).

In brief, samples were obtained from a decreasiogulation with different intensity,
depending on the zone (European mink), decreagiegies (European polecat), and a

species in expansion (American mink).

In all cases, carcasses were frozen at -20°C as a®@ossible after death and thawed
immediately before the post-mortem was performedadine tooth was removed from each
specimen during the post-mortem and sent to Magsbaboratory (Montana, U.S.A.) for

age determination following a standard procedurat@idn 1981). Microscope slides were

produced from decalcified sections of the teethn#nin the dental cementum were
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interpreted using the Matson Laboratory’s standadli and species-specific analysis
models, and the annulus count was used to estitmatgge of each individual. For static life
history analysis, we use the parameters from Cayg(il977), assuming a stable age
distribution and a zero rate of increase for tmalgsis, where frequencyx] is the number
of animals still surviving in the different yearftea birth. Survival [x) is calculated by
dividing each value ofx by its original valuelk = /x//0), which gives the proportion of
animals still surviving at a given age. Frequentynmrtality (dx) is calculated as the
difference between two consecutives valuel @fix = Ix- Ix+1) and gives the probability of
death during the age interval. Mortality raigx)(is calculated agix/Ix and shows the
proportion of animals alive at agethat will die before age+1, and the survival ratepx)
are the complement of their respectipevalues px = 1- qx) and reflect the proportion of

animals alive at agethat survive to age+1.

The individuals were divided into age classes at-ywar intervals. Animals without
cementum annukand those with open apical foramen were classdiedsub-adult” or 0+
group (animals less than one year old). Samples ane or more&eementum annulivere
classified as “adult”. We assumed a fixed dateighlof 1st May for American mink and
1st June for the European mink and European pokaraples based on the wild animal
literature and breeding results of European minitica breeding in Spain (Pilbeam et al.
1979; Sidorovich 1993; Bravo and Bueno 1999; Antestsky and Ternovskaya 2000; Lodé
2001; MAGRAMA 2009; Persson et al. 2011; Garciazldad Lizana 2013). The sex ratio
was defined as male number divided by female nuparet the sub-adult ratio was defined

as sub-adult number divided by adult number.

Age reliability was rated as “A” (result nearly tan), “B” (error possible), and “C” (error
probable) following a standard laboratory procedewrresponding to estimated accuracies
of +/- 0, 1, and 2 years, respectively (Matson }98he accuracy of the estimated age for
all samples processed were 92.02% for A, 7.929%fand 0.06% for C.

Following the work of Garcia-Perea and Baquero 9)9fbr Iberian wildcats Kelis
silvestrig, we proposed a formula used to calculate thelatesage of adult animals in days
(A) as the result of the sum of days between 1sy NRmerican mink) or 1st June

(European mink and European polecat) to 31st Deeelfit), number ofcementum lines
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(L) x 365 and sum of days from 1st January to ddathk (B).

A=D;+ (L x365)+D

For sub-adult animals, the age in days was cakdlais the sum of days between the

estimated birth date and death date.

Each year was divided into two periods:

a) Animals obtained between 1st January and 30th Jwere assigned to thEre-
reproductive periodNo cubs (animals with deciduous incisor teeth)eniecluded
in the study. For this reason, no animals borrhayear were included in the Pre-
reproductive period.

b) The Post-reproductive periothcluded animals obtained between 1st July and 31s

December.

Animals were also classified according to causaeatth in three groups (Table 5)

a) “Capture - euthanastagroup included American mink captured during mgl
operations and euthanized in a wildlife care center

b) “Road Casualti€¢sgroup included animals found dead as a resula afaffic
accident, and

c) “Other’ group included animals with death by another ea(rmainly diseases

and predation).

The Chi-square test was used to compare differdpegeen sexes. The one-sample Z-test
was used to test for differences in proportionsl, ANOVA was used to test for differences

between groups.

Results

Species, number of samples, sex, body mass and dease of all animals are shown in
Table 5.
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Sex ratio

The sex ratios were 1.62, 2.19, and 1.94 for Araerinink, European mink and European
polecat, respectively. A significantly high maleoportion was found within the sample
(American mink:x 2 = 91.57;p < 0.001; European mink 2 = 7.07;p < 0.01; European
polecat:x 2 = 4.78;p < 0.05). For the study periods, male biases wetecti in the sex
ratio in both the pre- (1.69, 4.00, and 3.40) aondtpeproductive periods (1.53, 1.36, and
1.27) for American mink, European mink and Europpatecat, respectively. Significant
differences were detected in the pre-reproductiegod for all three species (American
mink: x 2 =62,53:p < 0.001; European mink?* =9 ;p < 0.01; European polecat? =6,54;

p < 0.05) and in the post-reproductive period for Aicen mink & =31,31;p < 0.001).

Age and demographic structure

The static life history table and the pyramid-aggecure of the samples (separate for each
species) are presented in Table 7 and Fig. 12.stbeadult ratio and age analysis of the

different species separated by sex, periods argbaafudeath are shown in Table 8.

The sub-adult ratios were highly similar for alesges, with values of 1.07 for the American
mink, 1.07 for the European mink, and 1.32 forBHueopean polecat (One sample Z-tgst,

> 0.5 in all cases). In the case of European mirikdetected a lower sub-adult ratio in the
region with a decreasing population (Basque Colirdoynpared with those regions with

stable populations (La Rioja, Navarre, Castillathemnd Aragon), i.e., 0.64 and 1.58,
respectively, but the differences were not sigaific(One sample Z-test, z-score= -1.61,
p=0.053).

For the pre-reproductive period, the sub-adulosatvere 0.63, 0.53, and 0.46, whereas in
the post-reproductive period, these values werg, 231, and 3.14 for the American mink,
European mink, and European polecat, respectivdig. differences among periods were
significant in all three species (One sample Z;tesscore= -12.43p < 0.001 for the
American mink, z-score= -2.44, < 0.01 for the European mink, and z-score= -3fl5,

0.001 for the European polecat).
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In the age structure, significant differences weoted between age and sex for American
mink. A higher male percentage in the 0+ class wlaserved compared with the female
group (One sample Z-test, z-score= 2/96,0.01), and more females were obtained irpthe

3+ class group (z-score= -4.J8< 0.001). No significant differences were detedtadthe

other two speciep(> 0.05 for both species).

The median age-days were 327, 294, and 275, anchalxenum estimated ages were 7+,
5+, and 3+ years old for the American mink, Europemaink and European polecat,

respectively.

N. vison all Males Females

X JxoIx dx gx px /X X dx gx px /X Ix dx gx  pX

0+ 860 1.00 0.463 0.463 0.537 561 1.00 0.496 0.496504 299 1.00 0.402 0.402 0.598
1+ 462 0537 0.318 0.592 0.408 283 0.504 0.301 7.59.403 179 0.598 0.348 0.582 0.418
2+ 189 0.219 0.115 0.525 0.475 114 0.203 0.121 60.59.404 75 0.250 0.103 0.412 0.588
3+ 90 0.104 0.060 0.576 0.424 46 0.082 0.054 0.638342 44 0.147 0.074 0.503 0.497
4+ 38 0.044 0.028 0.636 0.364 16 0.028 0.019 0.618322 22 0.073 0.043 0.589 0.411
5+ 14 0.016 0.008 0.5 0.5 5 0.009 0.008 0.888 0.119 0.030 0.01 0.333 0.667

6+ 7 0.008 0.007 0.875 0.125 1 0.001 0 0 0 6 0.020
7+ 1 0.001 1 0.001
M. lutreola all Males Females

X /X Ix dx gx px /X I dx gx px /X Ix dx gx px

0+ 28 1.00 0.5 0.5 0.5 21 1.00 0.524 0.524 0.476 71.00 0.429 0429 0.571
1+ 14 05 0.215 0.43 0.57 10 0.476 0.334 0.701 9.294 0.571 0.143 0.250 0.750
2+ 8 0.285 0.214 0.75 0.25 3 0.142 0.095 0.669 10.333 0.428 0.286 0.668 0.332

3+ 2 0.071 0.036 0.507 0.493 1 0.047 1 0.142 4211 0
4+ 1 0035 O 0 0 0 0 0
5+ 1 0.035 1 0.142

M. putorius all Males Females

X X oIx o odx gx px /X Ix dx gx px /X Ix dx gx px

0+ 29 1.00 0.552 0.552 0.448 18 1.00 0.667 0.667 333. 8 1.00 0.25 0.25 0.75
1+ 13 0.448 0.242 0.540 0.46 6 0.333 0.056 0.168 83D. 6 0.75 0.625 0.06 0.94
2+ 6 0.206 0.103 0.5 0.5 5 0.277 0.166 0.599 0.401 0.125 0 0 1

3+ 3 0.103 2 0.111 1 0.125

X : age classyx: frequencyjx: survival;dx mortality; gx mortality rate;px survival rate

Table 7 Static life history table of the three species adow to Caughley (1977).

75



Neovison vison

Males Females
7 7
= -5
5= =5
4= 4
3 K
ks 2
1 -1
g =
T T T T
200 300 400 500 600
Mustela lutreola
Males Females
5 =
4 4
3 =
24 I?
1 H
o 3
T T T T T T
25 10 15 20 25
Mustela putorius
Males Females
3 3
o 2
14 H
o Ho
L} 1§ 1 1 L]
0 5 10 135 20

Fig. 12 Pyramid population structure of the three mustetipscies studied.
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Number 0+ (sub-

Day-old at death date

adult ratio)? (Mean (xSD))
Neovison vison
All samples: All 1644 852 (1.07) 535 (+ 440)
Male 1016 554 (1.2) 503 (+ 394)
Female 628 298 (0.9) 587 (£ 500)
Period: Pre-reproductive 952 369 (0.63) 673 (+ 453)
Post-reproductive 692 483 (2.31) 345 (+ 337)
Death cause:
Capture-euthanasia: All 1598 827 (1.07) 537 (+ 440)
Male 981 535 (1.2) 505 (+ 397)
Female 617 292 (0.9) 588 (+ 498)
Road casualties: All 34 17 (1) 501 (+ 436)
Male 26 13 (1) 467 (+ 310)
Female 8 4 (1) 610 (x 731)
Mustela lutreola
All samples: AlP 54 28 (1.07) 487 (x 430)
Male 35 21 (1.5) 402 (+ 319)
Female 16 7 (0.77) 547 (£ 534)
Period: Pre-reproductive 26 9 (0.53) 601 (+ 334)
Post-reproductive 28 19 (2.11) 382 (+ 485)
Death cause:
Road casualties: Al 37 18 (0.95) 483 (+ 398)
Male 28 15 (1.15) 438 (+ 341)
Female 6 3(1) 354 (+ 367)
Mustela putorius
All samples: Af 51 29 (1.32) 435 (+ 381)
Male 31 18 (1.38) 475 (+ 415)
Female 16 8 (1) 420 (+ 332)
Period: Pre-reproductive 22 7 (0.46) 663 (+ 366)
Post-reproductive 29 22 (3.14) 263 (+ 295)
Death cause:
Road casualties: Al 45 24 (1.14) 438 (+ 383)
Male 27 15 (1.25) 493 (+ 421)
Female 14 7 (1) 403 (+ 325)

& Number 0+ (sub-adult ratio): number of animals l&an one-year-old and ratio of this group
b three animals with not determined sex
¢ four animals with not determined sex

Table 8 Sub-adult ratio (0+ class) and day-old analysighad different species separated by sex, periodcande
of death. Only animals with a known date of deathincluded.
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Mortality

Frequencies of mortality (dx) in the 0+ age clagsen0.46, 0.50 and 0.55 for American
mink, European mink and European polecat, respaygtiin all three species, mortality was
higher in the male group than in the female growfih significant differences in the
American mink p < 0.01) and European polecptq{ 0.05) (Table 7).

In road casualties, no differences were detectbslda® species or sex of animals, except in
the case of the American mink. In this species,emdaths by road casualty were
significantly younger (mean of 467 days old) thaméles (mean of 610 days old)
(F1=7.392,p = 0.01). No significant differences were detectedhie other two speciep &
0.05).No age differences were observed between capturgtdoad casualties in American
mink (F;=0.380,p = 0.54).

Discussion

In this study, we describe the demographic strectdithree mustelid species in Spain based
on the collection and analysis of wild carcassé® Jample sources in demographic studies
often contain origin biases, and males and subtaghimals are often over-represented
(Buskirk and Lindstedt 1989; Kristiansen et al. 200rhe causes involve sexual behavioral
differences due to reproduction, care of youngrckeag for females or patrolling of home
range boundaries. Sub-adults animals because treydigpersal animals with higher
locomotor activity (Melero et al. 2011; Harringtehal. 2014), are likely more susceptible
to road casualties or capture. The different sanopigins between species in this study
(trapping versus road casualties) should be coresidearefully. The results might not
reflect the true demographic structure of the pajah but will be useful to consider as a

baseline for future studies with the same typesaaiples.

Male biases in samples

Higher proportions of males than females were warin both the pre- and post-
reproductive periods for all three species. Théedkhces are more noticeable in the pre-

reproductive period, especially in the Europeankmand European polecat. The different
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female behavior patterns prior to reproduction rnlghthe cause of these differences. In the
post-reproductive period, the sex-ratio differene@e less remarkable, with significant

differences only in the American mink.

The male bias observed is in accordance with tHiabtber studies (Sidorovich and
Macdonald 2001; Kristiansen et al. 2007). Buskirkl d.indstedt (1989) interpreted such
results as differences in capture probabilitiesiltesy from sex-specific home range sizes
and higher locomotor activity and capacity in mal&milar behaviour also has been
described in the European mink (Palazon 1998) amddean polecat (Weber 1989).

Longevity

The maximum estimated ages were 7+, 5+, and 3+syelar for the American mink,
European mink and European polecat, respectiveigsd@ differences can be attributed to
the different sample sizes for the different speciéhe major sample size in the American
mink could facilitate detection of extreme age ealubut at the same time, the median age

is also higher for the invasive species.

For the American mink, Bonesi et al. (2006) repdbréemaximum of six years of age from
Estonian and UK samples (n=117). Persson et al1(2@ported five years old as the oldest
mink hunted in Sweden (n=117), and Whitman (20@gprted a single four-year-old in two
American mink populations from Alaska and Idaho AU8=123). Therefore, our results on
longevity presented a higher value than found @ literature, probably due to the larger

sample size in our study.

The oldest age of the European mink (five years elds in accordance with field
observations from re-captured animals obtainedp@irssince 2001 (M. dra, com. pers.).
However, these values were lower than those reddrdspecimens kept in captivity during
the European mink breeding program in Spain in Wicertain animals reached ten years of

age (our personal obsv.).

Adult European mink in the 4+ age group represent 3.7% of all animals. Trepartion is
lower than that reported for Russia (15.4%) andaiel (5.6% for males and 12.5% for
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females) (Danilov and Tumanov 1976; Sidorovich )99hese differences could be due to
the declining status of this species in Russia Belarus (Sidorovich 2001), a historical

distribution area in which it is currently extin@daran et al. 2011).

In our study, as reported in Belarus (Sidorovic®7)9or in the Spanish captive breeding
program, a higher proportion of females was detkstehe older age group. The possible
causes are unclear. In zones with American mirkjrifluence of this species must be taken
in consideration. In other areas, the major maytatate in males or poor adaptation to

captivity are possible responsible factors.

In the European polecat, the oldest animals weni#tsa@+ years old, which was lower than
the value observed in other studies. Ansorge amtieéSurunk (2001) reported a 6+ year-old
European polecat from Austria and Germany (n=24@) Kristiansen et al. (2007)

presented a single 5+ year-old female from Denm@k239). These differences could be
related to the lower number of samples, but hightatity in the species due to unknown

causes cannot be not fully discounted.

Demographic structure

Demographic patterns were highly similar for theeéhspecies, with a high percentage of
the sub-adult population. As a whole, our resultsws a sub-adult ratio of 1.07 for the
American and European mink and 1.32 for the Eunogeaecat. Differences in the sub-
adult ratios were detected between the post- aeergmroduction periods in all three
species, mainly in the case of the European polddtsd relative weight of this age class
varied from 75.8% in the post-reproductive perio81.8% in the pre-reproductive period.
In all three species, a high mortality was detedtethis age group during the dispersal-

winter period.

Alexander (1958) and Whitman (2003) used sub-achtibs to analyze the population
trends and culling effects. A high percentage amgpindividuals usually indicates a rapidly
increasing population, and a low percentage dersotireasing population. The American
mink is expanding in Spain and presents an intelaedub-adult ratio compared with

other expanding American mink populations. Sidarhv{1997) found a sub-adult ratio of
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4.88 in the Belarusian American mink populationinigithe period of expansion. However,
in our study area, which also contains an expandimgrican mink population, the sub-
adult ratios were much lower: 0.63 during the meroductive period and 2.31 during the
post-reproductive period (1.07 in the entire popoig. This result indicates that the species
could be expanding with an intermediate sub-adafibr The sub-adult American mink
survival rate is higher than that of the other species and is likely related to the invasive

process.

The sub-adult ratio of the European mink in ourdgtarea was higher (1.07) than those
observed in Russia and Belarus (Danilov and Tumd®d6; Sidorovich 1997), where the
sub-adult ratio of both sexes ranged from 0.33 ®4.0In Spain, the European mink
presented a different demographic pattern in zengsor without the presence of American
mink. In the Basque Country (American mink presetiit¢ European mink showed a sub-
adult ratio of 0.64, and the population is curngiml decline, whereas in other distribution
areas (La Rioja, Navarre, Castilla-Leon and Aragarijere samples were obtained before
arrival of the invasive species, the sub-adultoratas higher (1.58). Similar results were
obtained in Belarus (Sidorovich 2001), where thd-adult ratio decreased during
coexistence of both mink species and prior to tRénetion of the European mink.
Currently, the American mink is expanding and cdom new areas inside the European
mink distribution area (MAGRAMA 2014). For the Epean mink demographic structure,
considering the Belarus and Russia results, weotxpeecrease in the sub-adult ratio and
an increase in the older age class and in the feadale ratio, all as a previous step in the

total extinction of the native species (Maran 2007)

In the European polecat, the mean sub-adult rdtlh3®2 was less than values obtained by
Ansorge and Suchentrunk (2001) in two stable Elanpgmlecat populations from Austria
and Germany (2.46 and 1.39). We found the highestemtage of young animals in this
species in the post-reproductive period (3.14) tedlowest value in the pre-reproductive
period (0.46) compared with the other two speciéss species shows the highest mortality
during the dispersal-winter period due to unknownses. In our study, this species is also
the species with lower longevity. The European gatleshows a decreasing population in
Spain (Virgos 2007), and studies on mortality causehis species require further attention.

No differences were detected between species wiherages of animal death by road
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casualties were compared. We did not find sigmificdifferences in the demographic
structure of the American mink for comparison o€ ay animal death by road casualties
versus the captured/euthanized group. This obsernvahight indicate that the ages of
American mink that are captured and killed on thedrare similar. Kristiansen et al (2007)
found age differences between death causes inuhgp&an polecat. The sub-adult group
was over-represented among road casualties, wheldasindividuals were more likely to

be trapped/shot. The same results were not foundristudy in the American mink, but this

could be a result of a relatively small sample sizeur American mink road casualty group.

Population structures appear different if the sawnpmre obtained in the pre- or post-
reproduction period. Exact information and detaifs the origin date of the samples are
required in future age population studies to avbalinfluence of seasonal mortality and for
detection of mortalities in different age groupgcBuse the age class distribution in the pre-
and post-reproductive period shows significant edéhces, it should be taken into

consideration if comparing studies with differeatgpling periods.

The American mink is more aggressive, versatileiadsplays more efficient reproduction
than the European mink and European polecat (Mar@hHenttonen 1995; Maran et al.
1998b; Amstislavsky and Ternovskaya 2000; Sidotov2001; Bdra et al. 2013). We

obtained a higher longevity-median age in Americaimk and a higher survival rate
compared with those of the native species. Thesgodmphic parameters likely are also

involved in the expansion of this invasive species.
The Spanish American mink population is subjectctdiing pressure to protect native

species (MAGRAMA 2014). The overall results coulé la useful tool in making

management decisions and evaluating populatiods$ten
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3.4. Are we able to damage the population structuref invasive species through

culling? Case study of American mink control in theNorthern Iberian Peninsula.

Introduction

Invasive non-native species are recognized as érieomajor drivers of biodiversity
change across the world (IUCN 2000; Keller et @1D). The American minkNeovison
vison) was reported as the alien mammal with the higimegact on European biodiversity,
affecting 47 native species (Genovesi et al. 20TB)s species was imported into Europe
for fur farming at the beginning of the 20th cegtbunstone 1993) and due to massive
escape, farm damage, and deliberate release, fen&l populations were established in
many European countries, including Spain (Dunstb®@3; Ruiz-Olmo et al. 1997). This
mustelid was first recorded as a feral speciespairSby Delibes and Amores (1978) in
Segovia in central Spain, and a few years lateeraé different populations were detected
(Ruiz-Olmo et al. 1997), all still in the processexpanding (Bravo 2007; MAGRAMA
2014). Conservation management of endangered spetien involves control of the
American mink via trapping, as in the case of thiécally endangered European mink
(Mustela lutreola (Bonesi and Palazon 2007pd?a et al. 2013), and different removal
strategies have been suggested to control or tdicata this species at local level in
continental or in island areas (Sidorovich and Pa¥o2002; Bonesi et al. 2007; Harrington
et al. 2009; Melero et al. 2010; Zabala et al.2®orteus et al. 2012).

The American mink is a yearly seasonal breeder vattultative delayed implantation

(Hansson 1947). Females breed in their first yédifeoand have a single litter per year. In
Spain, the mating season begins in March, panuariticcurs between the end of April and
beginning of May with a mean litter size of 4-6 sufur unpublished data), and cub
dispersion occurs between July and September (EBaeiv1999; Amstislavsky and

Ternovskaya 2000; Bravo 2007).

The sex and age structure of animals in culled [adioms can vary according to the method
used, trapping efforts, trapping duration and sgge¢Whitman 2003). For this reason, the
methods and culling effects can result in differsatcess levels, which may or may not

achieve the intended goals. Correct age deterromadif free ranging animals is an
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important tool in wildlife studies (Alexander 195Bjorris 1972). Age is impossible to
determine visually in adult mink. In sub-adult mirtke baculum and selected osteological
characteristics offer certain clues (Elder 1951cHleitner 1954; Greer 1957), but animals
over eight months of age are difficult to distingluifrom adults (Whitman 2003). In our
experience, in field conditions and without the gb#ity of baculum and/or osteological
characteristic examination, problems in separatingradult from adult animals begin at six
months of age. Counting of cementum lines in tdethage determination is a method
widely applied in carnivores; currently, it is tbaly accurate method for estimating the age
in years (Morris 1972; Dunstone 1993) and has lsexd in previous studies (Danilov and
Tumanov 1976; Sidorovich 1997; Whitman 2003; Hanghegj 2004Bonesi et al. 2006).

We studied the sex and age structure for three mopulations subjected to different
trapping efforts during a long-term period. All éler populations were in a period of
expansion, and the carrying capacities of the htbilvere considered much higher than
required by the present populations. According uo loypothesis, if trapping efforts were
successful in reducing population density, we woetghect an unstable structure, an age

reduction in individuals, and an increased sub{aatiult ratio (Whitman 2003).

The aims of the study were to a) assess whethgrdpelations react in a different manner
according to the different culling procedures antknsities and whether these strategies
result in changes in the demographic structurebdndentify simple and efficient indicators

of successful trapping efforts.

Material and methods

In Spain, management actions of American mink pafpuris vary according to the different
administrative bodies, and as a consequence, tile gnd methods are slightly different. In
these different areas, controls consist of livggag and culling. No private trappers are
involved in such controls, and all efforts are @éeddy government campaigns using their

own personnel, rangers or specific professiongliees from the research teams.

The Spanish American mink distribution in 2007 (aed from Bravo 2007) and the three

different study areas are shown in Fig.13. The sesnwere obtained from the Basque
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Country (Alava Province), Central Spain (BurgosJiroe) and Catalonian populations.
The riparian habitats in these three areas aree cpimilar and consist mainly of small-

medium rivers.
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Fig. 13 The American mink (Neovison vison) distributiospain (adapted from Bravo 2007) with the three
wild populations included in this study; A: Ala\B, Burgos and C: Catalonia. Distribution of the spes in
France and Portugal are not shown.

In Catalonia and in Burgos Province, culling is erdken over large territories (11,400 and
7,800 knf, respectively) based on the American mink distidsuin 2007 (Bravo 2007).
Eradication is a difficult task in these populaspaccording to the efforts applied, and the
aims of culling are a reduction of the density anbalt to the expansion. The Catalonian
population is not connected with other populatiosd immigration is not possible. No
presence of populations of this species in the dfrdrontier was detected during the study
period (Bonesi and Palazon 2007; Léger 2008). Bingos population is a component of

the Central Spain population.

In the case of Alava Province, the aim of trappiagthe elimination of this isolated

population, which covers a relatively small area3QD knf) and is considered an
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independent population (Melero et al. 2012). Thegiorof this population and the
associated river drainages are different than thafs¢he rest of the Basque Country
population (in the North side). The Alava riverse ancluded in the Ebro river basin
(Mediterranean basin), whereas the remainder oBamxjue Country rivers belongs to the
Cantabric Sea. However, as the expansion procegmuges, we cannot discard occasional
immigration to the Alava nucleus from the surroungdareas. Nevertheless, we assumed this
group to be an isolated population. Table 9 shawsriation on the study areas. No

controls on the invasive species were performddearthree areas prior to the current study.

Population  First recorded Distribution Official Goal Number of traps-night Mink Mink sent
as a feral area in 2007 Period 2002-2008 trapped for age
specie$' (km?) ® (traps-night/kriYyear) analysis

Alava 1991 1,300 Eradication 35,949 227 214
(3.95)

Burgos 1992 7,800 Containment - 51,221 753 674
Control (0.94)

Catalonia 1983 11,400 Control 39,440 747 418
(0.49)

2A. lllana pers.com., Sancho 1995, and Ruiz Olmal.€t997
® Bravo 2007
¢ Trap-night is one trap out for one night checkaihyd(MAGRAMA 2014). Regional Governments com. (ubfished)

Table 9 The American mink (Neovison vison) populationsistijdncluding their size, official goals, captwéort,
mink captured and mink sent for age analysis.

The last active mink farm in Alava was closed i®8$before the current study), no active
farms were reported in Burgos, and only a smallkmisrm with good and effective
measures for prevention of escaped animals wasmres Catalonia during the study

period. Therefore, we discarded the effect of nel@ases or escapes in our study.

The different goals for the trapping effort in theee study areas were:

a) Alava population: Eradication of the small arsdlated population via an intensive

trapping operation within the distribution areazafropean mink.

b) Burgos population: Reduction of the American knélensity to avoid its expansion and

prevent this species reaching the European mirtkilision in the surrounding areas. The
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goal is to keep the American mink away from thedpean mink population.

c) Catalonian population: Conservation of otheriveatendangered species potentially
predated by the American mink and potential confith fishing activities. Conservation
of European mink is not the principal goal becatlse species is located 200 km away
(Palazon and Ceiia 2007).

In all three cases, mink were live trapped in srghtry 15x15x60 cm homemade wire cage
traps authorized by the Autonomous authorities, wagped animals were transported to
official wildlife rehabilitation centers for euthasia, following the legal requirements for
the animal welfare. A trap night is defined as tiap out for one night that is checked daily
in the morning (MAGRAMA 2014). No homogeneous traygpactivities were performed

among the different years and populations. Durimg 2002-2008 period, the mean trap-
nights/year were 5,135 (SD=2,610; range= 2,275%9,88Alava, 7,317 (SD=3,188; range=

3,759-13,203) in Burgos and 5,634 (SD=3,681; ranh&87-11,997) in Catalonia, and for

the same period, the mean of trap-night$/kear were 3.95, 0.94 and 0.49, respectively.
The trapping efforts were 4x and 8x higher for fklava area than for the Burgos and

Catalonia areas, respectively.

A total of 1,727 American mink were captured yeaurd during the described culling
operation performed in the three populations, anota of 1,306 samples were submitted

for post-mortem analysis (Table 9).

Carcasses were frozen at -20°C as soon as poafifnieleath and thawed immediately prior
to the post-mortem examination. A canine tooth veasoved from each specimen during
the post-mortem and sent to the Matson Laboratdgn{ana, USA) for age determination
following standardized species-specific age angalysbdels (Matson 1981). Age reliability
was rated as “A” (result nearly certain), “B” (errpossible) or “C” (error probable)
following a standard laboratory procedure corresiing to estimated accuracies of +/- 0, 1
and 2 years, respectively (Matson 1981). The acmsaf the estimated age for all samples
processed were 92% for class A and 8% for cla€3riB/ one case (0.08%) was classified as
class C. Animals without cementum annuli and thesth open apical foramen were

classified as Subadult or 0+ group (animals less than one-year-old), sahples with one
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or more cementum annuli were classified adult’. We assumed a fixed date of birth of

May 1st based on bibliography (Pilbeam et al. 198#@provich 1993; Bravo and Bueno

1999; Amstislavsky and Ternovskaya 2000; Garciael@iad Lizana 2013). For static life

history analysis, we use the parameters from Caydib77).

The sex ratio, age and sub-adult ratio were studiédo types of periods:

a) Animals captured each year. In this case, asiwebtured between 1998-2001 and
between 2005-2011 in Alava, between 1999-2001 irg@and between 1999-2002

and 2008-2009 in Catalonia were combined to avdaianumber of samples (Table

10), and

b) Animals in pre- and post-reproductive periodsimals obtained between January

1st and June 30th were assigned to tRee-reproductive periof] and the Post-

reproductive periotlincluded animals trapped between July 1st ancebdyer 31st.

We also determined the sub-adult ratio for thequebetween July 1st and October 31st,

corresponding to a maximum sub-adult age of six thenNo cubs were included in the

study.
Alava Burgos Catalonia
Period N male:fem SAA Period n male:fem SAA Period n male:fem SAA
(ratio) (ratio) (ratio) (ratio) (ratio) (ratio)
1998-2001 17 14:3 (4.6) 10:7 (1.4) 1999-2001 15 312) 4:11 (0.3) 1999-2002 38 26:12 (2.1) 25:19)1.
2002 60 38:22 (1.7) 40:20 (2) 2002 54 40:14 (2.8) 4:32(0.8) 2003 48 29:19 (1.5) 29:19 (1.5)
2003 65 42:23 (1.8) 39:26 (1.5 2003 117 82:35)(2.3 63:54 (1.1) 2004 66 39:27 (1.4) 27:39 (0.7)
2004 15 8:7 (1.1) 3:12 (0.2) 2004 135 77:58 (1.3) 1:184 (0.3) 2005 84 50:34 (1.4) 36:48 (0.7)
2005-2011 57 32:25(1.2) 37:20 (1.8 2005 105 64145) 64:41 (1.5) 2006 54 37:17 (2.1) 33:21 (1.5)
2006 95 57:38 (1.5) 52:43 (1.2) 2007 81 5427 ( 43:38 (1.1)
2007 77 56:21 (2.6) 58:19 (3) 2008-2009 37 2@11) 24:13 (1.8)
2008 76 48:28 (1.7) 33:43 (0.7)

n: sample size
male:fem: male:female
SA:A: sub-adult:adult

Table 10 Total American mink (Neovison vison) studied indtierent periods from the three defined populagio

Following the work of Garcia-Perea and Baquero 9)9fbr Iberian wildcats Kelis

silvestrig, we propose a formula used to calculate the abesalge of adult mink in days (A)
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as the result of the sum of days between MayolBecember 31st (245) plus the number of

cementum lines (L) x 365 and the sum of days franmuary 1st to the death date (D).
A=245+ (Lx 365) +D

For sub-adult animals, age in days was calculageitiasum of days between the estimated
birth date and death date.

Sub-adults represent a high proportion of the dvpagulations and could be influenced by
the trapping season, with maximum values occurmungng the post-reproductive period. In
our case, 70% of samples submitted to the studgn fBurgos were from the pre-
reproductive period, and the samples from Alava @athlonia represented 44% and 54%,
respectively.To avoid influencing the results, we analyzed the atructure (measured in

days) only for the adult mink.

A chi-square analysis was used to compare diffeehetween sexes and periods. A one-
sample Z-test was used to estimate differencesojpgptions, and ANOVA and the post-hoc
Bonferroni test were used to compare differencésden groups using IBM SPSS Statistics

19 software.

Results

From 1998 to 2011, a total of 1,306 American mirdtlected during official culling
operations were submitted for study. For the pdpria, the numbers of animals sent for

age analysis were 674, 418 and 214 for Burgos|@aseand Alava, respectively.

In comparing the number of trap nights used eadr & a homogeneous distribution,
significant differences in the yearly trapping effowere found in all populations during the
2002-2008 periodx(? = 7,958; 6 d.f.p<0.001for Alava, x 2 = 9,335; 6 d.f.p<0.001for
Burgos andx > = 14,431; 6 d.f.;p<0.001 for Catalonia). The mean numbers of mink
captured during the same period were 0.63, 1.471a8®ifor each 100 trap/nights for Alava,
Burgos and Catalonia, respectively. After 2004s thalue remains under 0.5 in the case of

Alava population. Evolution of the mink capturedbated to the trapping effort is shown in
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Fig. 14.

Mink captured/ 100 traps-night
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Fig. 14 Evolution of American mink (Neovison vison) captufor 100 traps/night in the three populations
studied.

Sex ratio

We found significantly more males than femalesdibthree studied populations. The ratio
of male:female was 1.69 in Alavax { = 13.69; p< 0.01), 1.82 in Burgox(® = 56.42;p<
0.01) and 1.66 in Catalonix ¢ = 24.88;p< 0.01) (1.75 males per female in the entire
population,x 2 = 95.50;p < 0.01). No significant differences were found amahe three
populations X ? = 0.580; 2 d.f.p> 0.05).

The female percentage was 36.8% (291/789) for tkeergproductive period and 35.5%
(180/507) for the post-reproductive period. No #igant differences were obtained in
comparison of the female percentage in the twoodsrior each population or differences

among the three study areas (One sample Zge81t95 in all cases).

In comparison of the female proportion in the yegvkeriods for each population, no
significant differences were found and no variagiovere observed in this proportion during
the study period (linear regression; R=0.45, 0.84394 for Alava, Burgos and Catalonpa,

> 0.05 in all cases). No differences were detedtech comparison of the proportion

between the first and last year period for eachufaion (before and after culling) (One
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sample Z-testp>0.05 in all cases).
Age structure

Table 11 and Fig. 15 present the static life hystable and the age-sex structures of all
samples split by population. The oldest animalstbwere seven, five and four years old
for Burgos, Catalonia and Alava, respectively ang(’5% percentile) values for the adult

animals were 2.93, 2.86 and 2.77 years, respegtivel

Mortality rates @x) for the 0+ age class were 0.40, 0.54 and 0.58fwgos, Catalonia and
Alava, respectively. Significant differences weoairid between Burgos and the other two
populations (Burgoss. Catalonia, z-score= 3.2@< 0.01; Burgosss. Alava, z-score=3.49,

p<0.001). No differences were found between the atitrtrates of Alava and Catalonia.

In the age-sex structures (Fig. 15), we found ficamt differences in the age structures
between Burgos and Catalonia?(= 14.889; 6 d.f.p<0.05) but not between Burgos and
Alava (x 2 = 4.799; 6 d.f.p=0.570) or between Alava and Catalonia’ = 5.985; 4 d.f.;
p=0.200). Differences between Burgos and Catalomi@waused by the significantly higher
percentage of 2+ individuals in Catalonia (33.2%adiilts) than in Burgos (20.6%) (One
sample Z-test, z-score= -3.2%0.01). However, for animats2+, the differences were not
significant £>0.05).

Alava Burgos Catalonia
X JX Ix dx gx pXx JX Ix dx ax pX JX Ix dx gx pX
0+ 129 1 0.582 0.582 0.418 329 1 0.402 0.402 0.59822 1 0.541 0.541 0.459

1+ 54 0.418 0.71 0.648 0.352 197 0.598 0.383 0.6400.36 102 0.459 0.167 0.363 0.637
2+ 19 0.147 0.085 0.578 0.422 71 0.215 0.079 0.3670.633 65 0.292 0.198 0.678 0.322

3+ 8 0.062 0.031 0.5 0.5 45 0.136 0.082 0.602 0.3981 0.094 0.072 0.765 0.235
4+ 4 0.031 18 0.054 0.03 0.555 0.445 5 0.022 09.0 0.409 0.59
5+ 8 0.024 0.009 0.375 0.625 3 0.013

6+ 5 0.015 0.012 0.8 0.2

7+ 1 0.003

X : age classyx: frequencyix: survival;dx mortality; gx mortality rate;px survival rate

Table 11 Static life history table of the three studied plagions of American mink (Neovison vison).

As a whole, the absolute age in days for capturewk ifsub-adult and adult) varied from

603 in Burgos to 450 in Alava (Table 12), and tliketences were significant between
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Burgos and the other two populatio$%13,324;p<0.01). The mean absolute age in days
were 688, 648 and 637 for the pre-reproductiveoplsriand 401, 335 and 302 for the post-

reproductive periods in Burgos, Catalonia and Alagapectively.

For adult animals only, differences were significéwetween Burgos and the other two
populations F,=6,020;p<0.01; post-hoc Bonferroni test). Significant di#feces in absolute
age in days for adult animals only were obtainedtie post-reproductive perioB£3,226;
p<0.05) but not for the pre-reproductive period. Mdferences were detected for
comparison of adult age between the first and pasiod of captureR=3,719, 0.001 and

2.145;p>0.05 in all cases for Alava, Burgos and Catalomapectively).

In comparison of adult absolute age in days duttiegstudy period for the three populations
(Fig. 16, 17 and 18), we did not find significantfetences. In Alava, an increasing trend
was noted for the absolute adult age during thdysperiod, but no significant differences
were observed (linear regression; R=0.867, 0.038210for Alava, Burgos and Catalonpa,

> 0.05 in all cases). However, for the yearly pgriwe found two exceptions for comparison
between 2002 and 2004 in the case of the Alavalpbpn (F2= 3.510;p<0.05) and 2002
and 2008 in the case of the Burgos populaties €.277;p<0.05).

Sub-adult ratio

Sub-adult animals represented 71% of the total latipn during the post-reproductive
period for the three study areas (range 69-76%) apptoximately 40% during the pre-
reproductive period (range 39-40%) (Table 12). &d#hces were significant between the
two periods for each population (One sample Z-p£1.05 in all cases). No significant
differences were found for comparison of sub-agalcentages in each reproductive period

for the three studied populations (One sample Z429€.05 in all cases).
For the period between July 1st and October 3hst,stib-adult animal percentages were

80%, 76% and 74% in Alava (n=56), Burgos (n=71) &watalonia (n=123). The sub-
adult:adult ratios for the same period and popotetivere 4.09, 3.17 and 2.84, respectively.
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Fig. 15 Age-sex structures of the three American minlkyisen vison) population studied.
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n Mean Range SD 0+ (%) Subadult:adult ratio
ALAVA
Al 214 450 70-1770 = 359 129 (60.3%) 1.51
Pre-reproductive period | 94| 63 249-1770 375 384040 0.67
Post-reproductive period 12(3 30 70-131:2% 267 9180%6% 3.13
BURGOS
All 674 603 90-2808 | 467 329 (48.8%) 0.95
Pre-reproductive period = 475 68 248-2808 468 191204) 0.67
Post-reproductive period 199 401 90-2030 399 188306) 2.26
CATALONIA
All* 408 504 55-2165 = 401 217 (53.2%) 1.13
Pre-reproductive period =~ 220 64 55-2165 411 861(39. 0.64
Post-reproductive periodé 188 335 62-167]5. 314 131706) 2.30

*Ten animals with unknown dates of death wereinduded in day-old anélysis.

Table 12 Absolute age in days and sub-adult percentagex@riean mink (Neovison vison) studied from the
three populations (n): sample size; (mean): meamiaglays; (SD): Standard deviation; (0+ (%)): nuentof

animals less than one-year-old and percentageisfgioup (in brackets).

In comparison of the sub-adult proportion in thene periods for each population, no

significant differences were found and no variagiorere observed in this proportion during

the study period (linear regression; R=-0.28025,9.021 for Alava, Burgos and Catalonia,

p > 0.05 in all cases). No differences were deteethdn the proportion between the first

and last year period for each population were coathéOne sample Z-teqt>0.05 in all

cases).
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Fig. 16 The mean age in days and standard deviation @eolwf adult American mink (Neovison vison)
captured in Alava (n=85). Sub-adult animals weré¢ included. The samples obtained between 1998 and
2001 and those from 2005 and 2011 were combinedodaesmall number of sample (R=0.867; p=0.057).
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Fig. 17 The mean age in days and standard deviation aeolaf adultAmerican mink (Neovison vison)
captured in Burgos (n=343). Sub-adult animals weo¢included.The samples obtained between 1999 and
2001 were combined due to a small number of san(gke8.036; p>0.05).
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Fig. 18 The mean age in days and standard deviation deolaf adult American mink (Neovison
vison) captured in Catalonia (n= 191). Sub-adultraals were not included. The samples obtained
between 1999 and 2002 and those from 2008 and @@€8 combined due to a small number of

samples (R=0.621; p>0.05).

Discussion

We studied the demographic structure of three Araerimink populations subjected to
different trapping intensities in North Spain. QGoféhe objectives was to assess whether the
populations reacted in a different manner accordlinthe different culling procedures and
intensities and whether these efforts resultedhanges in the demographic structure. The

other objective was to identify simple and effi¢ciemdicators of successful trapping efforts.

Three parameters were analyzed to determine whetliémg had any effects in the three
studied populations: sex ratios, absolute adultiagkays, and sub-adult ratio. We expected

a decreased age and an increased sub-adult ratilhinig had an effect on the populations.

Sex ratio

A male bias was detected for the trapping methed us all three study areas. Nevertheless,
the percentage of females captured remained cdnstall three populations during the

study period, and no differences were detecteatdomparison of the female ratio between

96



the first and last yearly period. Male bias dugrépping does not result in modification of
the captured sex ratio. Male biases in samplesuodws mustelid species were described by
Buskirk and Lindstedt (1989) and interpreted asulteng from sex-specific home range
sizes, higher locomotor activity and different béba in the case of males. Such
mechanisms might explain the high percentage ofesnatapped in all three studied

populations, but no effects on the sex ratio weteated as caused by this bias.

Age structure

The static life history tables show a high moryatdte for animals within their first year of
life. The sub-adult mortality was lower in Burg@s402) and higher in Alava (0.582), but in
all cases, the values were lower than the reseisrted by Bonesi et al. (2006) from South
Harris Island, UK, where the mortality of juvenilesllected year-round was 0.65. The
relatively high mortality rate among sub-adults htipe especially influenced by culling,
but natural causes, habitat quality, prey availgbénd diseases are also factors to be
considered in a more detailed analysis to explagh syalues. Burgos is one of the Spanish
mink populations with a major seroprevalence ofuliBn mink disease parvovirus (40.3%),

but Catalonia has a lower rate (5.6%) (submitted).

The absolute adult age in days of the Burgos ptipulavas higher than the other two study
populations, but no differences were noted in trasameter during the study period and

between the first and last culling period in atieth populations.

The mean absolute adult age in days was highlytanhs Burgos and Catalonia. In Alava,

an increasing tendency in the absolute adult agleays was detected, but the difference was
not significant. Our initial hypothesis predictedecreasing absolute adult age if culling had
a positive result, but no decrease in the absaldtdt age in days was detected in any study

area.

Sub-adult ratio

The proportions of sub-adults (0+ age class) wiendas between study areas through time,

approximately 71% for the post-reproductive perexad 40% for the pre-reproductive
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period. The highest sub-adult ratio obtained wa8 & the post-reproductive period from
Alava (study area with the more intensive trapping)ich could be an effect of population
response to intensive trapping (Sidorovich 1993;itivéin 2003). Sidorovich (1993)

described a sub-adult proportion of 51-56% in gtgd@pulations and 78% in declining and
overexploited populations. As a whole, the sub4agrcentages in the three studied
populations were 49, 53, and 60% for Burgos, Cataland Alava, respectively. Such

values suggest a low culling effect on the minkylapons.

Demographic structures

According to the hypothesis, our results as a wikalggest that the three different culling
operations that were analyzed failed to affect teenographic structure of the three
American mink populations under study. The mearitaje and sub-adult ratio remained
constant over time. Only Alava provides selectegslthat could be interpreted as culling
effects. The Alava population is associated withjomarapping efforts and contains a
younger population with a higher sub-adult perogatd he evolution of the American mink
captured per 100 trap/nights (Fig. 14) allows usdnosider that culling appears to have an
effect in Alava. However, despite no significansuk, the increasing absolute adult age
trend during the study in this population is contréo our initial hypothesis. Only an
increased survival rate in the remaining populaasreffect of culling (Boyce et al. 1999)
might explain the results if the trapping effort svauccessful. However, the carrying
capacity of the habitat is much higher than requiog the current and expanding Alava
population, and culling probably does not increéise survival rate of the remaining

population.

Lack of culling effect and mink expansion

The lack of effect of the culling actions performadhe three populations is in agreement

with the expanding evolution of the American minkhese areas (MAGRAMA 2014).

Culling normally has less impact than expected apytations because of the principle of
compensation, changes in life parameters, decgeasortality and increasing survival rate

(Boyce et al. 1999). Our results suggest that tespe different trapping efforts, all three
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populations resulted in a stable age structurehowit detectable effects within the

population structure and without an apparent needmpensate for a culling effect.

Proportion of sub-adults in October: A tool as @ador of successful trapping efforts

Examination of baculum and/or osteological chargties to distinguish sub-adult animals
is only possible for animals up to eight months @Whitman 2003). This period is
comparable with our defined post-reproductive gkfiantil December 31st). The sub-adult
ratio in this period for the three populations stddvaries from 2.26 to 3.13 (Table 1H).
we assume no variations in other parameters thaldcbave effects in the dynamic
populations of the species (diseases, food sh@}aipe sub-adult ratio obtained in the post-
reproductive period (animals until eight months)ohdust be higher than 3.13 to show

possible repercussions on control of invasive geci

In field conditions without baculum and/or osteobtad characteristics examination, is
useful to determine the sub-adult:adult ratio uBittober 31st. Until this date, it is easy to
differentiate between sub-adult and adults. In daise, the sub-adult:adult ratio should be

higher than 4.09 under trapping efforts to achregercussions on the population.

Recommendations

Trapping in different periods might have differesffects on the success of the results.
Culling of breeding females is more efficient tranling of young or dispersal animals. No
differences were detected in the percentage of lesmeaptured in the pre-reproductive
period (36.8%) compared with the post-reproducpeeod (35.5%), and thus, there is no
specific period for capture of more females. Sigaifit differences were obtained between
the pre- and post- reproductive periods in the alildt age class, with a high mortality of
this age class during the winter-dispersal peridte sub-adult percentage represented 71%
of all animals in the post-reproduction period a#@P6 in the pre-reproduction period.
Assuming that the three different culling operasiofailed to affect the demographic
structure, in the framework of low economic resesicpriority trapping in the pre-

reproductive period is recommended.
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The results obtained could be useful for increashey effectiveness of American mink
population management, and a better effort in mglicampaigns, especially in the pre-

reproductive period, is required to avoid populaixpansions.

The parameters used in the current study are siamudeefficient indicators of successful
trapping efforts. Control of the percentage of adiit animals is a useful method for
auditing the effectiveness of control programs. #b-adult ratio greater than 3.13
(December) or 4.09 (October) and trapping efforester than 3.95 traps/night/ktyear are

required to have possible culling effects on th&lwiopulations of American mink in our

study areas.
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4. Discusion

El visdn europeo muy probablemente se extinguirdngelio natural en los préximos afnos.
Soélo una voluntad decidida y los medios economigasateriales adecuados podrian
evitarlo. La situacion es critica. En la poblaciériental, el “visén ruso” -como lo
denominan alli- solo dispone actualmente de citeyales de presencia y se desconoce si
cuenta con poblaciones relevantes en su area ulbwiisdon historica, que ya esta ocupada
en su totalidad por el visbn americano. La pobladél delta del rio Danubio, en Rumania,
vive amenazada por la presencia del vison amerigesto en la frontera con Ucrania. En
Francia no se han capturado ejemplares de la especios ultimos afios durante los
trampeos especificos realizados y el vison ameasigarha colonizado el cauce principal del
rio Ebro en la Peninsula Ibérica, principal reseovdel visén europeo. Un proyecto LIEE
en ejecucion dirigido a la conservacion de la d@spegede ser la ultima oportunidad para

evitar la extincion de la especie autdctona.

Aunque actualmente el vison americano es su paheimenaza y el factor definitivo en su
desaparicion, no estan claras las causas hist@ieadan influido durante el largo proceso
de extincidon de la especie. La alteracion del hépudo influir mas en los paises del centro
y este de Europa mientras que la caza excesivdapsdr la causa mas importante en la
Europa oriental. Los problemas sanitarios, trandost o no, por el vison americano,
también han podido estar relacionados con el dedel vison autdctono. El presente

trabajo intenta profundizar esta posible causa.

Estudio del AMDV en el visén europeo

Cuando a mediados de la década de los noventacse uma linea de investigacion en
relacion a los posibles problemas sanitarios @speecie, la informacién disponible era muy
limitada. De todos los agentes patégenos que podfégtar al vison europeo, el AMDV era
potencialmente el mas destacado debido a las edsditas de la enfermedad, persistencia
en el medio y por ser endémica y el principal pota de salud en visones americanos en

todos los paises productores, pero no se sabia sumta la enfermedad en la especie

1 ife Lutreola Spain LIFE13/NAT/ES/001171.
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autoctona. Hasta la fecha no se habia realizadmimiastudio sobre el AMDV en el visdn

europeo, ni en el medio natural ni en ejemplaresaetividad.

En 1997, poco después de empezar el estudio, set@epor primera vez, el AMDV en el
vison europeo (Mafast al, 2001). Los resultados preliminares del anagisisético de las
cepas viricas presentes en Espafia indicaban qoeddesentes a otras cepas descritas
anteriormente. Tras su deteccion, los protocoosaptura del vison europeo y americano
en la naturaleza incluyeron la extraccion de saggrealizacion de serologias rutinarias
frente al AMDV. Asimismo, se contactd con los pijrades investigadores relacionados con
la conservacion de la especie a nivel europeo alaréar del posible problema sanitario,

tanto en el medio natural como en cautividad.

Seroprevalencia y posibles efectos del AMDV

En el presente trabajo se ha realizado un estwgimegidemiolégico del AMDV en la
Peninsula Ibérica en las dos especies de visomtéuehperiodo 1997-2012. Los resultados
indican que el AMDV es actualmente endémico, coa alta prevalencia y que esta muy
distribuido en las poblaciones de ambas especisseroprevalencia obtenida en vison
europeo es del 32% (n=475), muy superior a la addesn Francia (18%, n=99) (Fournier-
Chambrillonet al, 2004) y con un incremento a lo largo del periddaestudio en Esparia.
Visones europeos recapturados muestran una intaddec0.46 casos por animal-afio de
riesgo mientras que la incidencia de animales ssitiypos que revierten a negativos es de
0.18 casos por animal—-afio de riesgo. La prevalemcims visones europeos recapturados
en nuestro estudio no es diferente significativamenla obtenida en el conjunto de la

poblacion.

En visén americano la seroprevalencia obtenidak3214%, practicamente idéntica a la del
visOn europeo, con variaciones entre las distiptadaciones. Las seroprevalencias mas
altas se han obtenido en Galicia (47%) — dond@seentra el 80% de las granjas peleteras-
y en la poblacion del centro de Espafia (40.3%) mmaisrgue la mas baja se obtuvo en La
Rioja -zona de nueva colonizacion- (18.5%) y enalbaga (5.6%). La variacion en la
seroprevalencia en vison americano parece estaciorhda con el tiempo transcurrido

desde la introduccion del AMDV en cada poblacion. dnbas especies se han obtenido
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prevalencias del AMDV mas bajas en zonas de nuelanizacion (este de La Rioja y

Aragon, en el caso del vison europeo y La Riojaleraso del vison americano).

En el visbn americano se ha determinado que lgps®ralencia del AMDV se incrementa

con la edad de los animales, como se podria esperara infeccion cronica.

No se han detectado diferencias significativasaeprévalencia obtenida entre machos y
hembras en ninguna de las dos especies. Los visonegnimales territoriales, solitarios y
presentan diferente ecologia espacial, comportamigmmovimientos segun el sexo. La
obtencion de una similar prevalencia entre sexoscpandicar que la transmision vertical o
perinatal y la infeccion durante las copulas puestgErmas importantes en la transmision del
AMDV que otros modelos mas ligados al comportanoiestcial. Padgettt al (1967) y
Porteret al (1980) también sugieren que la via vertical pusgtela via para mantener el
virus en la naturaleza y la forma de contagio m@sortante en animales de vida solitaria.
No obstante, Aasted y Hauch (1988) detectaron Glaeet 15.4% de los visones americanos
de granja se infectaban durante la copula y qaeraentracion viral transmitida durante la
misma era baja. Los mismos autores sugieren ques lolgnsidades de virus provocarian

cuadros no progresivos de la enfermedad.

Parametros reproductivos bajos (menos eficienci@odeictora) se han detectado en
hembras infectadas de vison americano en cautividatinset al, 2010). Nuestros

resultados en visones americanos apoyan este ledcletectar mayor porcentaje de
hembras prefiadas en el grupo de animales seromepdtatio hembras no prefiadas
seronegativas frente a las positivas de 0.4). Nleaspodido valorar el nimero de fetos en
hembras de visones europeos ya que en este estud® ha obtenido ninguna carcasa de

hembras de vison europeo durante los meses derahyib y junio.

En visones europeos en cautividad se estan obteni&ctualmente una media de hasta 5
crias/parto en la poblacion oriental y de 2.9 gp&so (n=38) en la poblacion occidental (la
gue corresponde a nuestra area de estudio) gfaPcom. pers). Estos resultados proceden
en su totalidad de hembras seronegativas al AMDV¢andiciones de cautividad y son
cifras correspondientes a los 15 dias posteriofadecha de nacimiento, que es cuando se

realiza el primer control de las camadas. La difeeede resultados reproductores entre las
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poblaciones podria tener relacion con la baja distad genética detectada en la poblacion
occidental. En nuestro estudio se ha detectadonaza de 5.6 fetos por hembra de visén
americano seronegativa preflada (datos correspdesli@nla ultima mitad de gestacion).
Una disminucidon en los parametros reproductoresacku por el AMDV en el vison
europeo puede tener grandes repercusiones dentagratomprometer la viabilidad de la
especie y ser uno de los factores que hayan podittoibuir en la desaparicion de la especie

en muchas zonas del Continente.

En el inicio de las poblaciones salvajes de visgrerecano en la Peninsula Ibérica, la
poblacion situada en Galicia presentaba una mezlocidad de expansion en relacion a las
otras poblaciones Ibéricas, a pesar de contar @&anayor densidad de granjas peleteras
(Ruiz-Olmoet al, 1997). En esta poblacion se ha detectado laalenesia de AMDV mas
alta y podria haber influido en una menor velocidaegxpansion. En cualquier caso, con las
cepas viricas presentes en la actualidad en nusteade estudio, el vison americano puede

expandirse con altas prevalencias de AMDV.

La ausencia de diferencias en los pesos entre egsearopeos positivos y negativos en el
periodo pre-reproductivo sugiere que la infecciortiane efectos detectables en el peso de
los animales. Animales con AD progresiva podrianetemenor capturabilidad o,

alternativamente, estos efectos no se apreciaréata hqgue se desarrollara un cuadro

progresivo de la enfermedad

En Europa, ademas de estar presente en las polgadi@ricas de Carnivoros semiacuaticos,
el AMDV esta también presente en animales salvape®fusia (Skumatov, 2001; Mafas,
2001), Reino Unido (Yamaguchi y Macdonald, 200XgnkEia (Fournier-Chambrilloet al,
2004), Dinamarca (Jensenhal, 2012), Estonia (Leimaret al, 2015), Finlandia (Knuuttilat

al., 2015) y Suecia (Perssen al., 2015). De la poblacion de visén europeo proceddat
delta del rio Danubio, en Rumania, solo se hangsamo cuatro muestras seroldgicas, todas
ellas con resultado negativo (Mafas, 2005). El bajoero de muestras analizadas impide sin
embargo valorar la situacion sanitaria de estagoait. En los estudios preliminares de
secuenciacion de las cepas de AMDV, Rusia presamtaayores prevalencias y diversidad

genética del virus (Mafas, 2001).
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El AMDV es un virus muy variable y la patogenia €iege de la cepa virica. En relacion a
las pruebas de PCR y secuenciacion destacar guienera cepa del AMDV secuenciada en
vison europeo no se habia descrito anteriormenpar(ado 3.1) y estudios preliminares

indican que existe una gran variedad de cepassegolaaciones de visdn europeo.

Origen de la infeccidn por el AMDV en el vison eurpeo

Con la informacion disponible actualmente aun gsosible determinar el origen del AMDV
en el vison europeo, desde cuando esta preseviteieken la especie autoctona, asi como el
papel que haya podido tener en su histérico pragesegresion. Se ha descrito el papel de las
granjas de vison americano como fuente de tran@mdel AMDV a los animales de vida
libre (Nituch et al, 2011) mientras que en otros estudios no se Halgpaleterminar esta
relacion (Knuuttileet al, 2015). También se ha descrito la implicaciéanienales salvajes en
la reinfeccion de granjas saneadas o en la apadeiduevos brotes de la enfermedad (Etlis
al., 1995; Espregueira-Themudbal, 2011; 2012). En cualquier caso, desde que el XM
comun en las granjas peleteras, se han de tomaredglas necesarias para no introducir el
virus al medio ambiente desde las mismas (Hang8%)1La alta prevalencia obtenida y la
gran area de distribucion del AMDV hacen imposiigalizar una aproximacion a su origen

sin analizar con detalle todas las cepas del yisusdistribucion.

Hay que recordar en este sentido que la cria etividadl del visobn americano con fines
comerciales no se inicid hasta 1866 en los Estddaos (Kellogget al, 1948) y que no fue
hasta 1920 que se empezaron a establecer las gwigr@njas peleteras en Europa. El vison
europeo ya habia empezado a desaparecer del centEuropa lo que cuestiona a esta
enfermedad como la causa que inicio el procesargéaccion, aunque no invalida su efecto.
En Espafia, al igual que sucede en Francia (Fot@hi@mbrillonet al, 2004), se ha detectado
la presencia del virus por toda su area de disidby con animales seropositivos alejados,
tanto del area de distribucion del visbn americanmo de granjas peleteras. Asi, aunque la
hipotesis mas légica en relacion al origen deflecion es situarla en el visobn americano y las
granjas peleteras, un origen en otro mustélidosté excluido (Knuuttilaet al., 2009). Este
hecho podria relacionar el AMDV vy la regresion wisbn europeo antes del establecimiento

en Europa de granjas peleteras de vison americano.
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En Catalufia el turén europeo se encuentra en @elegextincion y su area de distribucion se
limita principalmente a la zona de 'Alt y Baix Eomda (Palazoet al, 2010). Se detectaron
turones de esta poblacion positivos al AMDV pookegyia y PCR y lesiones compatibles con
la enfermedad (Mafias, 2001) sin que existiera iGglacon poblaciones libres de vison
americano. La uUnica granja existente en la zonsl.(Ullastret, Girona, cerrada en el afio
2012) realizaba controles sanitarios con resultadegativos al AMDV (datos propios
inéditos) mientras que hasta el afio 2005 no setdeté primer vison americano positivo al
AMDV en Cataluiia, después de analizar mas de dhessamericanos de esta poblacion con
anterioridad a esta fecha. La prevalencia del AM&VCatalufia es la mas baja (5.6%) en

comparacion con las otras poblaciones de la espetigruente con una aparicion reciente.

Si el origen de la infeccidn en el vison europem @l turon europeo son las granjas de visones
americanos —actuales o pasadas- o las poblacibnes dle la especie invasora, el AMDV se
ha tenido que expandir mediante dispersion de égeasy otras especies con las que pueden
compartir habitat, como la nutria, aves, huronemékticos o la utilizacion entre zonas de

material de trampeo o de otro tipo, sin desinfectar

El virus del AMDV es un virus viejo o que acumuinbios con mas velocidad que en otros
parvorirus (Gattschaloét al, 1994). Existe la posibilidad de que el virusreigise presente en
los carnivoros semiacuaticos europeos antes detsocthn en Estados Unidos en 1956. La
aparicion de los visones americanos aleutianogehtdmilitado la deteccion del AMDYV al ser

la variedad mas sensible al parvovirus y al heehendontrarse en cautividad.

Repercusion del AMDYV en la conservacion del visérueopeo

Debido a la situacion critica del visdn europedpsolos factores negativos pueden tener una
gran repercusion en su conservacion. A pesar deber observado ningun efecto negativo
obvio en los visones europeos seropositivos, la puede potencialmente afectar la
supervivencia de la especie y se deberian tomadasegara evitar la transmision del AMDV
a la poblacién de vison europeo. Es necesario mtglgrotocolos de bioseguridad en las
granjas peleteras asi como en los visones eurapgagrados para evitar la difusion del

AMDYV e incorporar Unicamente animales seronegaiivios programas de cria en cautividad.
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Se desconocen los posibles efectos que puede éen&kDV en visones europeos en
cautividad. Hasta la fecha, no se ha detectadainiegso de AMDV en visones europeos
cautivos, ni en el programa oriental ni en el oecidl. Los 36 visones europeos analizados
procedentes del programa oriental de cria en cdativde la especie (zoologico de Tallin,
Estonia, principalmente) resultaron negativos é@htAMDV (Mafas, 2005) y el protocolo de
cuarentena del programa de cria en la poblaciddergal incorpora el AMDV como uno de
los factores excluyentes en los periodos de cuaranpara su incorporacion al programa
(Mahas et al, 2003; MAGRAMA 2009), no detectandose hasta lehde ejemplares

seropositivos en cautividad.

Cualquier posible efecto, tanto en la susceptdmlica otras infecciones como en la
disminucién de los parametros reproductores, ypatesi bajos en el vison europeo, podria

tener graves repercusiones demograficas y compeotaetiabilidad de la especie.

Estudio demografico

Como se ha comentado, el AMDV es una enfermedattipalmente crénica. Durante el
presente estudio se ha dedicado una especial@ienta demografia de las poblaciones con la
finalidad de detectar el posible efecto de patakgios resultados obtenidos han permitido
describir la estructura demografica basica delrnvisdropeo, americano y del turén europeo,
tres especies similares, con diferente estatusrmeo/acion que pueden compartir patologias,
ademas de habitat (Apartado 3.3). En el caso @&@nvamericano, también ha permitido
analizar las posibles repercusiones demograficasesnpoblaciones sometidas a diferente
intensidad de control durante un largo periodoelago asi como determinar un indicador

simple y eficiente para valorar el éxito de losiesfos de trampeo (Apartado 3.4).

La correcta determinacion de la edad en los angredévajes es un aspecto basico en la
realizacion de estudios demograficos (Alexandes81Morris, 1972). En nuestras especies de
estudio, determinar de forma precisa la edad emaes de mas de ocho meses de edad es
imposible (Whitman, 2003). Hasta esta edad, ellbacdiversas caracteristicas osteoldgicas
ayudan a diferenciar subadultos de adultos (E@51; Lechleitner, 1954; Greer, 1957).
Segun nuestra experiencia, los problemas paraglistivisualmente animales subadultos de

adultos, sin valorar el baculo ni caracteristicstea@odgicas, se presentan a partir de los seis
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meses de edad. En cualquier caso, para deternuractamente la edad de los animales y

detectar cambios demograficos es necesario utilizanétodo alternativo.

La determinacion de la edad mediante el analisisoslecortes histologicos en las piezas

dentales se describio por primera vez por Schéf@s0) y Laws (1952), que observaron un

patron de lineas de crecimiento en dientes protesiele mamiferos marinos. Estas lineas de
crecimiento presentan sincronia entre estacionestn influenciadas por las condiciones

ambientales. Desde entonces, el recuento de lasslidel cemento dental en costes
histologicos es un método ampliamente utilizad@€amivoros y es la forma mas precisa para
estimar la edad en nuestras especies de estudiagM®72; Grue y Jensen, 1979; Dunstone,
1993), usado en trabajos anteriores (Danilov y Twuwal976; Sidorovich, 1997; Whitman,

2003; Hammersl), 2004; Boneset al, 2006b).

El origen de las muestras en los estudios demogesafi menudo produce un sesgo en los
resultados. Machos y animales subadultos suelear esibre representados debido
probablemente a la diferente probabilidad de capdet método utilizado, diferente tamafio
de territorio y diferentes comportamiento y actaddlocomotora, tal como describen
Buskirk y Lindstedt (1989). En nuestro estudio,fagestras dentales de visones americanos
proceden de las campafas oficiales de controltdeegpecie exoética invasora mientras que
los atropellos son las causas de muerte princigaléas muestras de vison europeo y turén
europeo. La diferencia en el origen de las muestra®l presente estudio (trampeo —
atropellos) se ha de tener en consideracion. Lsidtaelos pueden no reflejar la estructura
demografica exacta o real de la poblacion, peroibes como informacion basica para
futuros estudios con el mismo tipo de muestrasnide en las muestras de las tres especies
y en las tres poblaciones de vison americano, alobéenidas de la misma forma
oportunista, los sesgos que presenten han dessari$mos, por lo que nuestra atencion se
ha de fijar en las diferencias, especialmente déasa de mortalidad y proporcién de

animales subadultos, que es nuestro principaliebjet

Se han procesado mas muestras procedentes desngaehde hembras, tanto en el periodo
pre-reproductivo como en el post-reproductivo e tles especies, especialmente en el
periodo pre-reproductivo en el visén europeo yrnuearopeo, probablemente debido a los

patrones de comportamiento de las hembras en gafiado.
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La edad maxima detectada ha sido de 7+, 5+ yl&@+gad media en dias de 327, 294 y 275
para visbn americano, europeo y turdn, respectimtané.os resultados de longevidad en
visOn americano representan los valores mas aliteiolos al compararlos con diferentes
estudios realizados en la misma especie (Whitn208;2Boneskt al, 2006; Perssoet al,
2011). Los resultados en visOn europeo estan ecooencia con los resultados obtenidos
en las recaptura de animales identificados segwedosl medio natural (M.ddra, com.
pers.) aunque inferior a los resultados obtenidosammales en cautividad (pers. obs.)
mientras que en el caso del turén europeo se ht&anidb los valores mas bajos en
comparacion a otros estudios similares realizaddsueopa, probablemente como resultado
del menor tamafio de muestra en nuestro estudio(@®y Suchentrunk, 2001; Kristiansen
et al, 2007).

La estructura demografica de las tres especiesugssimilar, con un alto porcentaje de
animales subadultos en la poblacion. En conjuatogtio de animales subadultos: adultos
fue de 1.07 para el vison americano y el europetelyl.32 para el turon europeo. Este
porcentaje varia mucho entre el periodo post-reto y el pre-reproductivo en las tres
especies, lo que sugiere una alta mortalidad en atase de edad durante el periodo de
dispersién - invierno, especialmente en el casdutéh europeo. En esta especie, el peso
relativo de esta clase de edad varia del 75.8% geri@do post-reproductivo al 31.8% en el
periodo pre-reproductivo. La distribucion de lassek de edad en los periodos post y pre-
reproductivo tienen diferencias significativas yha@ de tener en consideracion al comparar
estudios con diferentes periodos de muestreo. BElgwier caso demuestran una elevada

mortalidad en los animales subadultos dispersalutesite el periodo invernal.

Visones europeos con 4 o mas afios de edad re@esi®.7% de todos los animales. Esta
proporcion es inferior a la descrita en Rusia (3.4 en Bielorrusia (5.6% para machos y
12.5% para hembras) (Danilov y Tumanov, 1976; ®wich, 1997). Estas diferencias
pueden ser debidas a la situacion de disminuciblapional en estas areas y a la presencia
del visdon americano (Sidorovich, 2001b). En nuesstudio, el visdn europeo presenta
diferentes parametros demograficos en zonas c@emqra 0 ausencia de visbn americano.
En zonas con visdn americano, el visdn europeoesst@gresion y presentd una ratio de

animales subadultos de 0.64 mientras que zonastneadas antes de la invasion de la
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especie aloctona mostraron una ratio de animalbadsitos mayor (1.58) aunque con
diferencias no significativagp£0.053). Resultados similares se obtuvieron enoBigsia
(Sidorovich, 2001b), donde la proporcién de animasebadultos decrecido durante la
coexistencia de las dos especies, antes de laiéxtidel vison europeo. Tras los resultados
obtenidos y la evolucion de las poblaciones end&y8#ielorrasia —poblacion ya extinguida-
(Danilov y Tumanov, 1976; Sidorovich, 1997), seezapen la poblacion Ibérica de vison
europeo una disminucion generalizada de la ratsutadultos, un incremento de la edad de
los animales (en ausencia del posible efecto derrmeflades) y un incremento deskx-
ratio, todo ello como paso previo a la total extinci@t dson europeo como ya sucedio

previamente (Maran, 2007).

El turén europeo presenta una ratio de animalesdsilitos mas elevada en el periodo post-
reproductor (3.14) y, al mismo tiempo, la ratio niéga en el periodo pre-reproductivo
(0.46) lo que sugiere la mayor mortalidad de ammasubadultos en el periodo de
dispersion-invierno en comparacion con las otras egpecies estudiadas. Debido a la
tendencia poblacional que presenta la especie eafgs(Virgos, 2007), se deberian

desarrollar estudios dirigidos a estudiar las cadsamortalidad en la especie.

A diferencia de otros estudios, no se detectarfamaticias significativas en la edad absoluta
de los visones americanos atropellados y captwsalo#ficados, probablemente como

resultado del menor nimero de muestras en el gtea@mimales atropellados. Tampoco se
detectaron diferencias al comparar la edad derimsades atropellados de las tres especies,
lo que indica que en las tres especies las edadéss cejemplares mas susceptibles de ser

atropellados son similares (animales sub-adultasgipalmente).

A nivel reproductivo el visbn americano presentach@s ventajas respecto a las especies
autoctonas como la posibilidad de tener implantadiderida y crias de la misma camada
procedentes de diferentes padres (Yamageichl, 2004), un periodo reproductor anterior
asi como un mayor numero de crias por camada.esodt@ados obtenidos en nuestro estudio
muestran una mortalidad menor y una mayor longevi#d vison americano en relacion a
las especies autdctonas, lo que podria ser ottmsdactores a tener en consideracion como

parte de una estrategia de éxito que explicarfg@teso de expansion. Estos valores, junto
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a un menor tamafio y una menor agresividad en laacies nativas suponen una clara

desventaja de éstas respecto al visbn americano.

Estructuras demogréficas en tres poblaciones de vs americano sometidas a diferente

intensidad de control

En relacion al estudio demografico en tres pobfesode visbn americano sometidas a
diferente intensidad de control, tres fueron logapeetros que se utilizaron para detectar
posibles efectos del trampeo en la demografiaati@ entre sexos, la edad absoluta en
animales adultos y la ratio de animales subaduegun la hipdtesis inicial, se esperaba
una disminucién de la edad absoluta de los ejeeskdultos y un incremento de la ratio de
subadultos si los controles tenian repercusioraateimografia de las poblaciones.dex-

ratio se valor6 para determinar si los trampeos influgm este parametro ya que

normalmente éstos presentan un sesgo en las capagia el grupo de machos.

Tal como describen Buskirk y Lindstedt (1989), erstro estudio también se procesaron
mas muestras de machos que de hembras en laslitasipnes y periodos. A pesar de ello,
la sex-rationo se vio afectado por el trampeo y la proporaénhembras se mantuvo
constante durante el periodo de estudio en lagptielaciones indicando que a pesar de que
el método de trampeo tiende a capturar mas madhsexgationo ha variado durante el

periodo de estudio.

En relacidon a la edad absoluta de los ejemplaneisosd ésta se mantuvo constante durante
el periodo de estudio en Burgos, Catalufia y AlAwmque con diferencias no significativas,
en esta ultima poblacién se produjo un incremeptesia edad durante el estudio, de forma
contraria a nuestra hipotesis inicial que contebglana disminucion de la edad adulta si el
control tuviera un efecto sobre la demografia deedpecie. En ninguna de las tres

poblaciones se produjo una disminucion de la eladlata en animales adultos.

Se detectaron diferencias significativas en edia ed comparar los periodos pre- y post-
reproductivo en las tres poblaciones. Asimismaate de animales subadultos se mantuvo
también constante y en valores bajos en relaciomos estudios realizados en Europa. La

ratio mas alta de animales subadultos se obtuveanmuente en Alava, lo que sugeriria un
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posible efecto del trampeo, aunque esta ratio deades subadultos es inferior a otras
obtenidas en poblaciones de vison americano ennskpao sometidas a fuerte presion
cinegética (Sidorovich, 1993; Whitman, 2003).

Segun nuestras hipotesis iniciales, en generakedtados sugieren que en los tres casos
las intensidades de control fallaron en relaci@u afectacion de la estructura demogréfica
de las tres poblaciones. Solamente en Alava —pdblaon el mayor esfuerzo de trampeo-
se obtienen datos que podrian sugerir, aunqueligarte, un posible efecto del trampeo: es
la poblacién con una edad adulta menor, posee gbmatio en relacion a animales
subadultos y la evolucion de los resultados deucaptpor intensidad de trampeo mostrarian
un efecto positivo del control (Fig. 14). A pesa dllo, la edad absoluta tiende a

incrementarse durante el estudio, de forma coateanuestra hipotesis inicial.

En poblaciones con recursos limitados, los dessgsteden incrementar la supervivencia y
la edad de los animales que se mantienen al dignncompetencia intraespecifica por los
recursos. En nuestro caso, la capacidad de caftgaedio no es un factor limitante en la

especie en el marco de su proceso de expansion.

Normalmente los trabajos de control tienen mengmeto del esperado debido al principio
de compensacion y al incremento de la reproducandios animales que se mantienen en la
poblacion (Meleroet al., 2015). Nuestros resultados sugieren que las tobsagiones
mantienen una estructura de edades estable sirsic@tede compensar mediante el

incremento de la reproduccion el control realizado.

Esta falta de efecto en el control llevado a cabtas tres poblaciones esta en concordancia

con la expansion en el area de distribucion des éda poblaciones (MAGRAMA, 2014).

Seguimiento de los resultados en futuras campafas dontrol del visbn americano

El examen del baculo y/o los caracteres osteolégiema distinguir animales subadultos de
adultos sélo es de utilidad hasta los ocho mesesldeé (Whitman, 2003). Este periodo es
comparable con nuestro periodo post-reproductiasténfinales de diciembre). La ratio de

animales subadultos en este periodo en las trdaguoes estudiadas varia en las diferentes
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poblaciones entre 2.26 y 3.13 (Tabla 12). Si aswsique no existen variaciones de los
parametros que puedan afectar la dinamica poblicda la especie en futuros estudios
(contaminaciéon, enfermedades, escasez de alimeata)btencion de una ratio en los
trabajos de control en el periodo post-reproductaromales hasta los ocho meses de edad)
deberia ser superior a 3.13 para tener posibiligackpercutir en la poblacion de la especie

invasora.

En condiciones de campo, sin posibilidad de realigla estudio del baculo y/o las

caracteristicas osteologicas, es util determinaatia de animales sub-adultos hasta finales
de octubre, que corresponde a ejemplares de hastangeses de edad y facilmente
distinguibles de animales adultos. En este cagafilmde animales subadultos obtenidos en
los trampeos deberia ser superior a 4.09 para pbddener un posible efecto positivo en los

trabajos de control.

En breve, en nuestra zona de estudio y siempraeugantengan estables otros parametros
gue pudieran influir en las estructuras demogrsfitzaratio minima de animales sub-adultos
gue se ha de obtener en futuros controles de kEciesmvasora en octubre (sub-adultos de
seis meses de edad) o en diciembre (ocho mesededeberia ser superior a 4.09 y 3.13,

respectivamente, para indicar un posible efectcaiatrol.

Los resultados de los trampeos pueden tener diéerepercusion segun el periodo en los
gue se realice. El descaste de hembras reprodsicdsrain método mas eficiente que el
control de animales jovenes o en dispersion. Ndesectaron diferencias en la proporcion
de hembras capturadas en el periodo pre-reprodud®.8%) en relacion con el periodo
post-reproductivo (35.5%). Diferencias significasvse obtuvieron entre los periodos pre-y
post-reproductivo en los animales sub-adultos,lagnayor tasa de mortalidad en esta edad
durante el periodo de invierno-dispersion. El potag de animales subadultos representa el
71% de todos los animales en el periodo post-regtod y el 40% en el periodo pre-
reproductor. Asumiendo que los tres diferentes rotag fallaron en su afectacion a la
estructura demogréfica, en el marco de un défeitetursos econémicos, la prioridad de
trampeo en el periodo pre-reproductivo estariamecolada. Los trampeos en el periodo
post-reproductivo son Utiles para valorar el égigolos trabajos de control, al determinar el

porcentaje de animales subadultos.

113



Incrementar los esfuerzos de las campafas de toesecialmente en el periodo pre-
reproductivo, establecer periodos de tiempo dedgigara la erradicacion (Bomford y
O’Brien, 1995) y mejorar el protocolo de trampeadicional usando otros métodos —como
el uso de plataformas- para mejorar los resultgdbetectar la especie en bajas densidades

(Reynoldsetal., 2010) son necesarios para limitar la expans@ia @éspecie invasora.

Lineas de investigacion futuras

Como lineas de investigacion futura se podriaradast

- Realizacion de un mayor nimero de PCR y secuencdiateé las cepas de AMDV
presentes en el medio natural en Europa, utilizasstmencias que codifiquen tanto
proteinas estructurales como no estructurales pazaar determinar el origen de las
cepas presentes en los carnivoros riparios euragdosomo la diversidad de cepas
presentes.

- Determinar las lesiones asociadas al virus y rmebn de pruebas de
inmunohistoquimica. Los principales problemas de apartado son la obtencion de
muestras en buen estado de conservacion y lalthficde detectar el virus mediante
pruebas de inmunohistoquimica.

- Realizacion de estudios sobre el AMDV relacionadosla condicion corporal, estado
inmunitario e infecciones paralelas con otros aggepatégenos.

- Seguimiento del AMDV a largo plazo para determiagprogresion de la prevalencia.
Asimismo, realizar estudios en rios seleccionadosrgpararlos con evoluciones de
las densidades poblacionales.

- Determinar causas de mortalidad en el turén eurapesgiante el radioseguimiento de
ejemplares.

- Determinar si los valores propuestos de la rati@jéenplares subadultos en futuros

estudios son de utilidad para valorar la evoludéhéxito de las capturas.
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6. Conclusiones

Se ha identificado la presencia del AMDV en el miguropeo asi como en otros

carnivoros semiacuaticos ibéricos.

La seroprevalencia del AMDV obtenida tanto en sbri europeo como en el visén

americano es del 32%, y esta presente en todasrias estudiadas.

La prevalencia de AMDV en vison americano es muiaiée y oscila entre el 6% en
Cataluia y el 47% en Galicia. Las zonas con mereMajencia corresponden a zonas

con infeccion reciente o colonizada por el visoe@rano en los Ultimos afos.

La incidencia calculada en visones europeos recajus fue de 0.46 casos por
animal-afio de riesgo y la de los animales positiugs seroconvierten a negativos de
0.18.

No se detectaron diferencias en las prevalenciae saxos en ninguna de las dos
especies. En los visones americanos, la seropneialse incrementa con la edad de

los ejemplares.

La estructura demografica de la poblacion de visGropeo, americano y turén
europeo es muy similar, con una ratio de animalgsmdultos/adultos elevada,
especialmente en los machos (entre 1,2 y 1,5 slaglaspecies) en relacion a las
hembras (0,8-1,0).

Se detectaron diferencias en el porcentaje deeagsearopeos subadultos en zonas con

0 sin presencia de visén americano.
Al estudiar tres poblaciones de visén americanoetidas a diferente presion de

descaste no se detectaron efectos del control subgeina de las poblaciones,

sugiriendo que en los tres casos se fall6 en lgsivts establecidos.
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