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RESUMEN EJECUTIVO

El Macho de Monte (Tapirus bairdi) es el mamifero terrestre de mayor talla corporal en los
Neotrépicos. Distribuida desde el sur de México hasta el noroeste de Colombia y Venezuela, esta
especie se encuentra enlistada en el Apéndice I de CITES y se considera como amenazada de
acuerdo al criterio de La Lista Roja de la IUCN. Se ha estimado que aproximadamente 3,000
tapires atin ocupan los bosques tropicales de Panama. Existen cuatro regiones principales que
cuentan con T. bairdi: la regién norte, comprendiendo 1,200 animales en las dreas Bocas del
Toro y Chiriqui; la regién Azuero, con aproximadamente 50 animales; la regién sur, incluyendo
las dreas de San Blas y Darién, con aproximadamente 1,500 animales; y la regién de la Serrania
de Maje, con aproximadamente 60 animales. Estas cuatro dreas estdn separadas, por lo que se
considera que constituyen poblaciones aisladas donde no hay intercambio.

Un niimero de serias amenazas influyen sobre la variabilidad futura de las poblaciones del macho
de monte en Panama. La destruccién y fragmentacion del hébitat por actividades humanas
contindan en el pais; de hecho, mds de la mitad del rango geogréfico de 7. bairdi ha sido
destruido durante los dltimos 40 afios. La caceria ilegal de tapires por humanos, para alimento y
otros propésitos, puede también tener impactos dramdticos sobre las poblaciones del tapir. Los
tapires son relativamente féciles de rastrear, y por lo tanto, ficiles de cazar. Siendo una de las
primeras especies del bosque tropical afectadas por disturbios humanos, la continua invasién de
la civilizacidn sobre el hédbitat del tapir puede tener consecuencias serias para el futuro de la
especie.

Como un paso inicial en el desarrollo de una estrategia comiin para proteger a esta especie de la
extincién en Panamd, la Asociacién Nacional para la Conservacién de la Naturaleza (ANCON)
realiz6 una Taller de Andlisis de la Viabilidad de la Poblacién y del Habitat (PHVA) en el Centro
de la Naturaleza Rio Chagres, cerca de la Ciudad de Panam4, Panam4, durante los dias de
diciembre 1 - 3 de 1994. El Grupo Especialista de Conservacién y Crianza de la Comisién de
Sobrevivencia de Especies/ IUCN fue solicitado para conducir el taller y asistir en la asesoria y
planeacion subsecuente. Veintitrés bidlogos, manejadores de vida silvestre y representantes de
organizaciones no gubernamentales de los Estados Unidos, Panamé y Colombia atendieron el
taller durante tres dias. Uno de los propésitos de esta reunion fue el revisar informacion de las
poblaciones silvestres como base para desarrollar simulaciones de modelos estocdsticos de las
poblaciones. Estos modelos estiman el riesgo de extincion y las tasas de pérdida genética
resultantes de la interaccion de los factores demogréficos, genéticos y ambientales. Los resultados
de estos modelos son utilizados posteriormente como herramientas en las practicas de manejo
para la especie. Otras metas comprendieron la revisién del estado actual del conocimiento
concerniente a los requerimientos del habitat, distribucién de la especie y tamafios poblacionales,
el papel de las amenazas directas como factores responsables en el declinamiento de la especie, y
la funcién de la reproduccién en cautiverio en el manejo de la especie a largo plazo.

El taller fue iniciado con una serie de presentaciones que resumieron informacién sobre el estado
de las poblaciones del macho de monte en vida silvestre y cautiverio. Como una introduccion
sobre el uso del modelo y sobre los problemas asociados con poblaciones pequefias y aisladas, se
realiz6 una presentacion sobre el proceso PHVA, los principios de la biologia de poblaciones y
del paquete software para simulaciones de poblaciones VORTEX. Posteriormente los
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participantes formaron tres grupos de trabajo -biologia de poblacién y modelaje, poblaciones
silvestres y poblaciones en cautiverio- para revisar en detalle informacién actual y establecer los
pardmetros para los modelos de simulacién, y para desarrollar escenarios d manejo y
recomendaciones. Los modelos estocdsticos de simulacién de poblaciones fueron iniciados con
rangos de valores en las variables principales para estimar la viabilidad de la poblacién utilizando
VORTEX.

El modelaje de las poblaciones del tapir utilizando VORTEX demostré una extrema sensibilidad
de estas poblaciones a la mortalidad adulta. La eliminacién adicional de adultos por caceria .
furtiva en un 6% por arriba de los valores de mortalidad normal, provocé un cambio en la
tendencia poblacional del crecimiento a la declinacién (la caceria furtiva se define aqui como
cualquier forma de caceria de una especie considerada oficialmente como en peligro de extincién
tal como el macho de monte). Esta declinacion en la poblacién no ocurre bajo niveles altos de
mortalidad juvenil, siempre y cuando la mortalidad adulta sea baja. La inestabilidad poblacional
puede incluso observarse al existir tasas tan bajas como del 3% de caceria furtiva en adultos, bajo
condiciones ambientales estresantes tales como sequias. Asi mismo, el riesgo de extincién de la
poblacidn se incrementa considerablemente bajo estos escenarios de caceria furtiva. Estos datos
sugieren que una tasa anual de caceria furtiva del 3-6% no es sustentable para ninguna de las
poblaciones que existen actualmente en Panamd. Como resultado, el manejo planificado del el
tapir debe de investigar estrategias que busquen reducir la tasa de caceria furtiva a niveles
sustentables.

Las consideraciones sobre el estado de las poblaciones silvestres del tapir condujo a las
siguientes recomendaciones:

» Investigar la posibilidad de restauracién del habitat del tapir previamente degradado por
actividades humanas.

« Establecer programas de reintroduccion con el objeto de abarcar los problemas genéticos
asociados con la consanguinidad en poblaciones pequeiias y aisladas.

» Recopilar sistematicamente informacidn referente a la historia natural del tapir, su
distribucién y calidad del hébitat, sin desdefiar el conocimiento de los residentes de las
comunidades locales.

e Identificar prioridades de conservacion en aquellas 4reas susceptibles a la fragmentacidn,
tales como la Cordillera Central.

» Esforzarse para lograr que el tapir sea el simbolo de los esfuerzos de conservacién en
Panama. '

* Crear localmente un Grupo de Trabajo para el Tapir en Panam4, en coordinacién con el
INRENARE. ‘

» Trabajar con los pobladores nativos (Indios Kuna) para evaluar més rapidamente el estado de
la especie en dreas habitadas por estos residentes y desarrollar programas educativos basados
en la comunidad para prevenir la cacerfa local del tapir.
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* Evaluar la utilizacién de la reproduccién en cautiverio como una herramienta de manejo en
las poblaciones.

Los participantes del taller construyeron una planilla de recoleccién de datos a ser utilizada por
los residentes locales como una herramienta para recolectar informacién importante de las
caracteristicas de las poblaciones del tapir. Se espera que a través de esta herramienta se logre
una conservacién més efectiva del tapir y de su hébitat.

Actualmente existen menos de 20 tapires en tres parques zool4gicos y colecciones privadas. Las
metas primarias del manejo del tapir en cautiverio incluyen:

« Establecer programas educativos que actiien localmente, nacionalmente, gubernamentalmente
e internacionalmente.

* Establecer un programa coordinado de reproduccién en cautiverio en Panama4.
« Establecer metas y lineamientos para la reintroduccion.

Es vital establecer programas de alcance dirigidos a las personas que habitan en aquellas dreas
donde existe el tapir en Panamd. Estos programas incrementan la conciencia y la apreciacion de
la especie. Asi mismo, estos programas pueden comunicar efectivamente los efectos devastadores
de la caceria furtiva. Para los programas de reproduccién en cautiverio en Panama, serad
importante el traducir al Espafiol la informacién cientifica de la especie y hacerla llegar a los
investigadores en Panamd. Ademds, en relacién con el manejo del tapir bajo condiciones de
cautiverio, es muy critico el que se maneje a los tapires en cautiverio como una sola poblacién y
que esta se distribuya en diferentes centros que cooperen en el programa. Tal vez, un hecho de
mayor importancia fue el que los participantes propusieron establecer un Comité del Tapir en
Panamd, que serd responsable primariamente de decidir el manejo en cautiverio de los tapires en
Panama y las transferencias de individuos necesarias a realizar.

La meta de la reintroduccidn es altamente deseable para el manejo efectivo de la poblacién, pero
los participantes sintieron que era necesario el retrasar esta meta hasta que las amenazas actuales
a las poblaciones silvestres sean identificadas y resueltas. Mientras que esta fase entra en efecto,
se realizardn censos de enfermedades en los individuos en cautiverio y en libertad para identificar
los problemas de salud que enfrenta el tapir. Posteriormente, deberdn de realizarse
investigaciones en las dreas de genética, reproduccién y comportamiento del tapir, al igual que
protocolos veterinarios y de manejo de la especie para los animales en cautiverio.

La conservacion efectiva del macho de monte en Panamd serd una cuestién complicada que
requiere de la participacién de bidlogos, organizaciones gubernamentales y comunidades locales.
Tal vez, la prevencién de la extincién del macho de monte sea posible tinicamente a través de la
integracion concertada del manejo de la poblacidn existente en vida silvestre y cautiverio.
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POBLACIONES SILVESTRE DEL MACHO DE MONTE (Tapirus bairdi) EN PANAMA

Tabla 2.1. Distribucion

SECTORES AT AO. Pobl. AP C.C.
este :
(Bocas de Toro y Chiriqui) 6000 2400 1200 3600 3000
Azuero
(P. N. Cerro Hoya) 250 100 50 150 125
Este
(P. N. Chagres, San Blas y Darien) 7290 2916 1458 4374 3645
Serrania de Maje Isla de Maje 300 120 60 180 150
TOTALES 13840 5536 2768 8304 6920

" A.T. = area total (km?); A.O. = area ocupada (km?); Pobl. = poblacion actual; A.P. = area
potencial (km?); C.C. = capacidad de carga

Para estimar los valores arriba presentados se hicieron una serie de apreciaciones. Eisenberg
(1989), sefiala que los tapires pueden alcanzar una densidad de poblacién de 0.8 por km* en un
hébitat adecuado. Sin embargo, basados en nuestras experiencias de campo y en los datos de
Glanz (1990) consideramos que la densidad de poblacién puede ser estimada en 0.5 individuos
/km?,

Se consider6 que existe un drea total de 13840 km? con condiciones adecuadas para las
poblaciones de tapires, de las cuales consideramos que el 40 % (5536 km?) se encuentra ocupado
por la especie, quedando el 60% (8304 km?) del 4rea total como hébitat disponible. Esto nos
indica que la capacidad de carga del hébitat actual es de 6920 individuos en todo el territorio
nacional. Cabe destacar que aproximadamente el 45% de esta drea corresponde a dreas protegidas
por parques nacionales, reservas forestales y territorios indigenas tales como la Comarca de Kuna
Yala.

La poblacién de tapires de la Isla Barro Colorado no se ha considerado como una
poblacién natural de la isla, ya que la poblacién existente (12 individuos) fue reintroducida
(Smythe, 1992). Ademads, en este ecosistema no existen los grandes depredadores como el Jaguar
(Panthera onca) y el Puma (Puma concolor). Existe también el registro de un tapires liberado en
la Reserva Forestal de Sherman, el cual fue criado en cautiverio (Smythe, 1992).
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Tabla 2.2. Registros de Poblacién Silvestre del Macho de Monte (Tapirus bairdi) en Panama

AREA DE REGISTRO TIPO DE REGISTRO
SECTOR OESTE
Rio Culubre Huellas: E. Ponce, F. Arosemena
Cotito Huellas: E. Ponce, F. Arosemena

Rio Teribe-Bonyic

Cazadores/guardaparques: E. Ponce, F. Arosemena

Cabecera del Rio Changuinola

Avistamientos, huellas/cazadores, guardaparques: R. Hinds, E.
Ponce, F. Arosemena

Reserva Forestal de Fortuna

Huellas: F. Arosemena

Culebra

Huellas/guardaparques: J. Tovar, E. Ponce, F. Arosemena

Cerro Guabo

Huellas: E. Ponce, F. Aroemena

Bajura de Pando Huellas/guardaparques y cazadores

Rio Yorkin Huellas/ guardaparques: E. Ponce, F. Arosemena

El Respingo Huellas: B. Cuevas

Cerro Pata de Macho Huellas: B. Cuevas

SECTOR AZUERO

Cerro Hoya A. Gonzales, comunidades adyacentes al P.N. Cerro Hoya

Rio Varadero

Cazadores/comunidades de Varadero y Arenas de Quebro
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Tabla 2.2 (contd.)

AREA DE REGISTRO

TIPO DE REGISTRO

SECTOR ESTE

Cabecera del Rio Pequeni

Huellas/indigenas Embera, comunidad de San Juan de
Pequeni

Cuenca alta del Rio Chagres

Huellas/guardaparques, J. Tovar

Rio Cascada (terrenos de MELO, S.A.)

Huellas: F. Arosemena, I. Rosales

Sendero Interpretativo El Cantar

Huellas: F. Arosemena

Cerro Guagaral (Cerro Brewster)

Huellas: A. Telesca, F. Arosemena

Cabecera del Rio Mandinga

Huellas: A. Telesca, F. Arosemena

*Cangandi

Huellas y animal cazado: J. Ventocilla

Rio Nergala

Animal cazado: J. Ventocilla

Carretera El Llano Carti

Huellas: J. Ventocilla

*Pucuro Craneos y mandibulas: I. Candanedo

*Paya Avistamientos (madre e hijo), craneos y mandibulas: R.
Hinds, I. Candanedo

**Manene Craneos y mandibulas: I. Candanedo

**Altos de Rio Jaque Craneos y mandibulas: I. Candanedo

**Punusa Craneos y mandibulas: I. Candanedo

Cerro Pirre (ladera noreste y noroeste)

Avistamientos/guardaparques

Rio Seteganti (hacia Cerro Setetule)

Avistamientos: R. Hinds

Estacion de INRENARE en Pirre

Avistamientos/guardaparques

Estacion de INRENARE eﬁ Cruce de
Mono

Avistamientos / guardaparques

Camino Cruce de Mono-Cana

Huellas / guardaparques: J. Polanco, F. Arosemena

Serrania de Bernal

Huellas: O. Lastra

Comarca Embera No. 2

Huellas / indigenas de la comunidad de La Chunga

Rio Tacarcuna (antiguo pueblo Kuna)

Avistamientos: R. Hinds
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Tabla 2.2 (contd.)

AREA DE REGISTRO

TIPO DE REGISTRO

Cerro Tacarcuna

Avistamientos: R. Hinds

Anachucuna Avistamientos: R. Hinds
Cerro Mali Huellas: R. Hinds
Altos de Nique Huellas: R. Hinds
Rio Mono Avistamientos: R. Hinds

*  Comunidad Indigena Kuna
**  Comunidad Indigena Embera

La Comarca de San Blas tiene 42 comunidades insulares, unas 8 sobre la misma costa y 2 en
tierra firme. Segun nuestra experiencia en cada comunidad hay , por lo menos, una vivienda con
quijadas de Tapir a manera de trofeo / J. Ventocilla. Situacién similar se presenta en las
comunidades kunas de Pucuro y Paya en el Darien.

AREA DE REGISTRO TIPO DE REGISTRO
SECTOR DEMAJE
Isla Maje Plan de Manejo Isla Maje, Lab. Com. Gorgas.: R. Hinds
Cordillera de Maje Huellas / cazadores: B. Lavern
Tutecito Huellas, animales cazados / comunidad indigena Embera

de Tutecito
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Amenazas
Se ha determinado que las principales amenazas que enfrentan los tapires en Panama son:

» Perdida de habitat por colonizacion en el sector de El Guabo (indigenas Guaymies),
ganaderia (Nueva Zelandia, Culubre, Valle Libre).

* Deforestacién provocada por el embalse de la hidroelectrica Fortuna y la posible construccién
de los proyectos de mediana capacidad de Bonyic y Changuinola I en la provincia de Bocas
del Toro.

* Deforestacion por colonos en el area fronteriza de Cerro Tacarcuna y cultivo de coca
(Eryctrocilon coca).

* Caceria de subsistencia, ademas la caceria deportiva (furtiva) principalmente en el area
indigena de Darien, San Blas y Bocas del Toro.

* Endogamia especialmente en la Isla Majé en el lago Bayano, donde el aislamiento geografico
puede causar este problema.

» Mineria: esta es una amenaza potencial, debido al posible desarrollo minero de Cerro
Colorado.

Recomendaciones

» Hacer cumplir las leyes existentes en cuento a la proteccidn del tapir y su habitat natural en
Panama.

* Promover la recuperacion del habitat natural en las dreas entre las poblaciones identificades
de tapir. Esto permitiria el intercambio genetico entre los animales y disminuiria las
posibilidades de una fragmentacion total de las poblaciones.

* Se debe establecer un programa de reintroduccién, elcual debe contemplar los aspectos
geneticos para evitar problemas de consanguinidad.

« Recopilar y sistematizar la informacion existente sobre historia natural, distribucion y calidad
de habitat del tapir, tomando en cuenta también el conocimiento que poseen las comunidades
locales (indigenas, campesinos, cazadores) que puedan contribuir a mejorar las actividades de
conservacion de la especie.

» Considerar como prioridad de conservacion las areas susceptibles a fragmentacion en la

Cordillera Central, especialmente en Bocas del Toro y Veraguas. Tambien se debe prestar
especial atencion a la poblacion de tapires en el Parque Nacional Cerro Hoya y Maje.
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» Sugerir al tapir como animal simbolo de la conservacion en Panama de manera que pueda

14

utilizarse en los programas de educacion ambiental.
Crear un Grupo de Trabajo sobre el Tapir en Panama.

Para el caso particular del territorio de los indigenas kunas (Comarca KunaYala),
consideramos que esta reune condiciones appropriadas para una evaluacién rapida de la
situacion de la especie. Los cazadores kunas no son muchos y son conocidos. Las mandibulas
de los tapires son colgadas fuera de las viviendas como trofeos y cada cazador kuna guarda
asi registro del numero de ejemplares cazados. En un tiempo relativamente corto se podria
visitar y entrevistar a los principales cazadores y obtener informacion confiable de la historia
natural del Tapir, de la magnitud de la actividad cinegetica y de la situacion en general de la
especie. Refiera al Apéndice para la Poblacién Silvestre Forma de Recaudo de Datos.

Buscar alternativas viables para las comunidades indigenas y campesinas que utilizan el tapir

(Tapirus bairdi) como fuente de proteinas y/o documentar o mejorar proyectos de cria en
cautiverio de la especie.
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Un Grupo de Trabajo sobre el Tapir en Panama (GRUTA)

Argumentos:

1.

El Tapir es un buen candidato para servir como “especie indicadora” de las condiciones
ambientales del pais.

Encontramos que las personas que viven en las cercanias (indigenas y campesinos), suelen
tener informacion sobre presencia o ausencia y sobre la historia natural de esta especie.

A la fecha, salvo el caso del aguila harpia (nombre cientifico) no se ha llevado ningun
registro nacional sistematico para especie alguna de animal (o vegetal) silvestre.

Es mas realista pensar en un diagnostico poblacional, realizado en forma digamos
“artesanal”, que en investigaciones cientificas sofisticadas sobre esta especie.

Existe un numero de naturalistas haciendo trabajo de campo en areas propicias para
poblaciones de tapires.

Tareas de un Grupo de Trabajo sobre el Tapir:

NhWD -

Recopilar informacion sobre el estado poblacional y la historia natural de la especie;
Recopilar informacion sobre su presencia historica;

Informar sobre animales vivos cautivos;

Publicar cada tres meses una hoja informativa y de enlace entre interesados;

Tener una reunion general anual.

Necesidades inmediatas para empezar:

—

Elaborar hoja(s) de colecta de datos (Apéndice);

Conseguir un lugar dentro de una oficina gubernamental u ONG, para que sirva de Centro
donde se reciba, se limpie y se almacene la informacion;

Contar con unos 4 o 5 voluntarios, distribuidos en las tres areas geograficas de distribucion
del tapir, para comenzar.
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EVALUACION DE VIABILIDAD DE POBLACION Y HABITAT
DEL MACHO DE MONTE (Tapirus bairdi)

Panama City, Panama
1-3 de Diciembre de 1994

Seccion 3
Biologia de Poblaciones y Modelaje




BIOLOGIA DE POBLACIONES Y MODELAJE
Introduccion

El macho de monte (Tapirus bairdi) se encuentra actualmente enlistado en el Apéndice I de
CITES. En general, las principales amenazas que afectan la viabilidad de las poblaciones del
tapir en el Neotrdpico parecen ser la destruccidn continua del hébitat y la caceria excesiva. Gran
parte del conocimiento en vida silvestre del macho de monte proviene de observaciones directas
en campo, rastros y muestras fecales y craneos recuperados en el habitat del tapir. Asi mismo,
varios de los pardmetros bioldgicos relacionados con la reproduccidn del tapir han sido obtenidos
de estudios ampliamente documentados del tapir bajo condiciones de cautiverio (referirse a la
seccion de bibliografia).

La necesidad de y los efectos de estrategias intensivas de manejo pueden ser modeladas
para sugerir que pricticas pueden ser mds efectivas para preservar esta poblaciéon. VORTEX, un
paquete de simulacién de modelaje escrito por Robert Lacy y Kim Hughes fue utilizado como
herramienta para estudiar la interaccién de miiltiples variables tratadas en una forma estocdstica.

El programa VORTEX es una simulacién Monte Carlo tanto de los efectos de fuerzas
deterministicas, como de los eventos demogréficos, ambientales y genéticos estocasticos en
poblaciones de animales silvestres. VORTEX modela las dindmicas de poblaciones como
eventos discretos, secuenciales (por ejemplo, nacimientos, muertes, catastrofes etc.) que ocurren
de acuerdo a probabilidades definidas. Las probabilidades de los eventos son modeladas como
variables constantes o al azar que obedecen a distribuciones especificadas. VORTEX simula una
poblacion a través de una serie de eventos que describen el ciclo de vida tipico de organismos
diploides con reproduccién sexual.

VORTEX no pretende proporcionar respuestas absolutas, debido a que proyecta
estocdsticamente las interacciones de los multiples pardmetros que se introducen al modelo y
debido también a los procesos aleatorios que ocurren en la naturaleza. La interpretacion de los
resultados depende del conocimiento de la biologia del tapir, de las condiciones que afectan la
poblacién y de los posibles cambios que pueden presentarse en el futuro.

Entrada de Parametros para Simulaciones

Edad a Primera Reproduccién: 3 afios para ambos hembras y machos. VORTEX define a la
reproduccién como el nacimiento; de acuerdo a un periodo gestacional de 13 meses para el tapir,
las hembras pueden aparearse a los 2 afios de edad y reproducirse a los 3 afios de edad.

Produccién de Crias: El intervalo entre nacimientos fue establecido en 2 afios para tapires en vida
silvestre. Por lo tanto, el 50% de las hembras adultas no se reproducen en un afio determinado.
De aquellas hembras que se reproducen, todas producen tinicamente una cria. Se ha reportando la
produccién de dos crias en un mismo parto bajo condiciones de cautiverio, aunque estos eventos
han sido extremadamente raros y las crias han nacido muertas.
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La variacién en la reproduccién es modelada en VORTEX al incluir una desviacién
estandard (DE) para la proporcién de hembras que no producen crias en una afio determinado.
Debido a que no contamos con datos empiricos al respecto, asumimos que tal variacién (debido a
fluctuaciones en la disponibilidad de parejas y a variaciones de la edad en que las hembras
alcanzan la madurez sexual) fue del 25% de la media. De esta forma, VORTEX determina el
porcentaje de reproductores para cada afio de la simulacién, muestreando de una distribucién
binomial con la media (50%) y la DE (12.5%) especificadas.

Debido a que no existe informacion diferente a la indicacién de una relacién de sexos al
nacimiento de 50:50 para el macho de monte, utilizamos esta misma relacion de sexos en todos
los escenarios.

Edad a Senectud : VORTEX asume que los individuos de esta especie pueden reproducirse (en la
tasa normal) a lo largo de su vida adulta. Bajo condiciones de cautiverio se ha reportado la
reproduccién de los tapires macho de monte hasta los 25 afios de edad; sin embargo estimamos
que la edad méxima de reproduccién para poblaciones silvestres es de 20 afios, debido a la
severidad de las condiciones ambientales en vida silvestre.

Mortalidad: Para el "mejor" escenario, en el que la mortalidad del tapir no es afectada por
influencias humanas y en la que otros factores bidticos tienen un impacto minimo, establecimos
una mortalidad del 20% para juveniles (edad O al afio 1) y una mortalidad del 10% para
sub-adultos y adultos. Estos valores son similares a aquellos reportados para taxa cercanamente
relacionados.

Por supuesto, la mortalidad del tapir puede ser influenciada fuertemente por presiones
humanas tales como la caceria, principalmente en adultos (Terwilliger 1978; Fragoso 1991). Asi
mismo, tanto la incidencia de enfermedades como de altos niveles de depredacion por jaguares
etc., pueden incrementar la mortalidad, principalmente en juveniles. Por lo tanto, modelamos
poblaciones con mortalidad juvenil del 25% y 30%. Para modelar el efecto de la caceria en la
mortalidad de adultos, construimos escenarios de simulacién con tasas de caceria furtiva del 3%,
6% y 9%. La aplicacion equitativa de estas tasas a través de las clases de sexo y edad de
sub-adultos y adultos, incrementa las tasas anuales de mortalidad adulta a 13%, 16% y 19%
respectivamente. Los datos de poblaciones de tapires en Panama sugieren que estas tasas de
caceria furtiva no son irrazonables (Terwilliger 1978).

Capacidad de Carga: La capacidad de carga (K) define un limite superior para el tamafio de la
poblacidn, sobre el cual se impone una mortalidad adicional para regresar a la poblacién a K.
VORTEX, por lo tanto, utiliza K para imponer una densidad-dependiente en tasas de
sobrevivencia.

Las poblaciones del macho de monte en Panama4 se agrupan en dos categorias generales
con respecto a su tamafio: poblaciones grandes como en el noreste de Panama (regién Bocas del
Toro) y al sur de Panama4 (regiones de San Blas y Darien); y pequefias, como en la Peninsula de
Azuerro y en la Serrania de Majé. Se ha estimado que la capacidad de carga para ambas
poblaciones grandes corresponde a 3,000 individuos, mientras que las poblaciones pequefias
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presentan una capacidad de carga estimada para 150 animales. Estas aproximaciones estdn
basadas en estimaciones publicadas de densidades para el tapir correspondientes a 0.5 - 0.8
individuos por km*

A partir de estos datos, generamos dos series de modelos de simulacién con capacidades
de carga de 3,000 y 150 individuos respectivamente. La amplia variacion en capacidad de carga
para los dos tipos de poblaciones ofrecen un panorama considerable de las dindmicas de
extincién que operan en las poblaciones de tapires en Panamad.

VORTEX puede también modelar tendencias deterministicas en la capacidad de carga.
Estas tendencias son especificadas como un porcentaje anual de cambio y son modeladas como
incrementos o decrementos lineares, y no geométricos. Los datos actuales muestran que una larga
proporcién del habitat del tapir en Panama se encuentra amenazado por una degradacién o
fragmentacidn significante. Para investigar las consecuencias de tal amenaza, modelamos
reducciones deterministicas en la capacidad de carga en una tasa de 2.5% por afio sobre los
primeros 20 afios de las simulaciones. Este hecho resulta en una reduccién del 50% del habitat
disponible para el tapir sobre el periodo de tiempo considerado.

Tamafio Inicial de la Poblacién: Generamos dos series de modelos de simulacién utilizando
tamafios poblacionales iniciales correspondientes a las dos clases de tamafio poblacional
estimadas en Panama: N = 1200, similar a las poblaciones de Bocas del Toro y San Blas/Darien;
y N, = 60, similar a las poblaciones existentes en la Peninsula de Azuero y Serrania de Majé.

Distribucién Inicial de Edades: Iniciamos todas las corridas de los modelos con una distribucion
estable de edades que distribuye la poblacion total entre cada una de las clases de sexo-edad de
acuerdo con los valores especificados de mortalidad y reproduccion.

Depresién por Consanguinidad: No existe informacién especifica sobre la prevalencia y efectos
de la consanguinidad en las poblaciones silvestres del tapir. Sin embargo, debido a el reducido
niimero de tapires que se piensa existe en las regiones de la Peninsula de Azuero y en la Serrania
Majé, parece razonable el inferir que en estas reducidas poblaciones estd ocurriendo un grado
medible de consanguinidad. Por lo tanto, hemos incluido la variable de depresion por
consanguinidad en aquellos escenarios del modelaje que abarcan estas regiones.

Utilizamos el modelo de heterosis de depresién por consanguinidad, en que aquellos
individuos que son heterocigotos para un locus genético especifico presentan una capacidad de
sobrevivencia superior que aquellos que son homocigotos para ese locus. Debido a que la
seleccién natural no remueve de la poblacién los alelos detrimentales a lo largo del tiempo en
este modelo, puede ser que el modelo de heterosis proporcione una sobrestimacién conservadora
de los efectos deletéreos de la consanguinidad sobre las poblaciones de tapir modeladas.

La severidad de la depresién por consanguinidad en poblaciones de mamiferos puede ser
medida como el nimero de "equivalente letales" contenidos en el genoma de la poblacién de
interés. Informacién derivada de varias especies de mamiferos mantenidos bajo condiciones de
cautiverio, sugiere que estas especies contienen alrededor de 3 equivalentes letales (Ralls et al.
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1988). Consecuentemente, hemos modelado la depresién por consanguinidad utilizando este
valor de la mediana del equivalente letal.

Catdstrofes: Las catdstrofes se consideran como variaciones ambientales extremas, y son tratadas
conceptual y operativamente en una forma diferente en VORTEX. El programa modela tanto la
frecuencia de ocurrencia de la catdstrofe como el impacto de ésta sobre la reproduccién y
sobrevivencia de la poblacién. Incluimos a una condicién de sequia como catédstrofe, con una
probabilidad de ocurrencia del 10% para un afio particular (por ejemplo, el evento ocurre en
promedio cada diez afios) ocasionando una reduccién en la reproduccién del 50% y una
reduccidn en la sobrevivencia del 20%, en aquellos afios en los que la catéstrofe ocurre.

Repeticiones y Afios de Proyeccion:

En aquellos casos en los que no se incluy6 depresion por consanguinidad el nimero de
repeticiones para cada escenario correspondié a 500, sin embargo debido a limitaciones
computacionales, este nimero fue reducido a 200 en aquellos escenarios en los que se incorpord
depresion por consanguinidad. Para todos los escenarios se realizaron proyecciones para el futuro
considerando un periodo de tiempo de 100 afios. Los resultados fueros resumidos en intervalos
de tiempo de diez afios en las graficas de series de tiempo. Cada escenario tabulado presenta un
nimero de fila correspondiente para referencia y en caso de ser necesario para una futura
obtencién de resultados adicionales. Las simulaciones fueron corridas utilizando la versién 7.0 de
VORTEX.
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Resultados de los Modelos de Simulacion

Explicacién de Tablas y Figuras

Los resultados numéricos de los modelos de simulacién son presentados en las Tablas 3.1 a 3.6.
Cada tabla representa una serie de condiciones especificadas, por ejemplo capacidad de carga,
inclusién de depresién por consanguinidad, etc. En cada tabla, los resultados estan organizados
bajo la siguiente estructura: cada nivel de mortalidad juvenil fue corrido con cada grado de
mortalidad adulta, y cada uno de éstos fue corrido con o sin la ocurrencia de catéstrofes.

Los titulos de las tablas son los siguientes:

ry: tasa de crecimiento deterministico, calculado por los métodos de la matriz
Leslie a partir de informacion de la tabla de historia de vida.

r(SD):  mediay desviacién estandard de la tasa de crecimiento estocdstico a través de
las repeticiones calculadas de la variacidn anual en el tamafio poblacional;

P(E): probabilidad de extincidn sobre el periodo de 100 afios considerado en la

simulacién, calculado como la proporcién de poblaciones repetidas que se
extinguieron en un periodo de 100 afios.

N, (SD): tamafio final de esas poblaciones que sobrevivieron después del periodo
considerado de 100 afios;

H,y,: proporcién de la heterocigocidad original atin presente en la poblacién
después de un periodo de 100 afios;
T(E): media del tiempo de extincién de aquellas poblaciones extintas.

Resultados Deterministicos

Tasa de Crecimiento (r,): Las tasas de crecimiento deterministico calculadas utilizando los
métodos de la matriz Leslie se muestran para cada escenario en la columna 5 de las Tablas 3.1 y
3.2. Los valores positivos indican un crecimiento poblacional; los valores negativos indican un
declinamiento en la poblacién. Una poblacién con r; <0 indica un declinamiento deterministico
(las muertes sobrepasan los nacimientos) y esta poblacidn se extinguird atin cuando no se
presente algin tipo de fluctuacién estocastica. La diferencia entre la tasa de crecimiento
deterministico de una poblacién y la tasa de crecimiento estocéstico resultante de las
simulaciones (r, referirse arriba) puede proporcionar una indicacién del impacto de los factores
estocdsticos en la persistencia de las poblaciones.

Estas tasas de crecimiento deterministico son calculadas a partir de los datos de
mortalidad y fecundidad de cada escenario modelado. Como resultado, el cambiar el tamafio
inicial de la poblacién y/o la capacidad de carga, o el imponer una reduccién anual en la carga del
habitat no altera las tasas de crecimiento para un valor de mortalidad particular. Esto se refleja en
las series idénticas de las tasas de crecimiento deterministico mostrado en todas las tablas.
Como resultado, la siguiente discusion es aplicable tanto a las poblaciones grandes como a las
pequeiias con una capacidad de carga constante o decreciente.
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Bajo el escenario mds optimista - baja mortalidad juvenil y adulta, sin sequia y sin
depresion por consanguinidad - la poblacién muestra un crecimiento anual de casi el 4% (r,=
0.038). Al incrementar la mortalidad juvenil en un 5% adicional al 25%, se produce una
reduccién del crecimiento deterministico de la poblacién de alrededor del 20% (r, = 0.030), y un
incremento adicional de la mortalidad a un 30% conduce a una reduccién del 45% en el
crecimiento deterministico (r, = 0.022). Esta situacién cambia dramdticamente cuando se
incrementa la mortalidad adulta bajo un cierto nivel de mortalidad juvenil. Atin en condiciones
de baja mortalidad juvenil, un incremento del 10 % al 13% en la mortalidad adulta resulta en un
crecimiento anual de la poblacién de menos del 1% (r,= 0.008). Cuando se incrementa la
mortalidad adulta al 16%, la poblacién presenta un declinamiento anual del 2.2%. El efecto de
incrementar la mortalidad adulta al 19% es muy severo, ya que puede observarse un
declinamiento anual del 5% en la poblacién (r, = - 0.054). La tasa de declinamiento es mucho
mds severa conforme se incrementa la mortalidad juvenil; bajo condiciones de un 30% de
mortalidad juvenil y sin la ocurrencia de sequia, la tasa de crecimiento deterministico es de
-0.071.

Estos resultados deterministicos proveen suficiente evidencia de la considerable
sensibilidad de las poblaciones del tapir en Panamd como respuesta a incrementos de la
mortalidad adulta. El cambio incremental de r , es de 0.102 por un incremento del 10% en la
mortalidad adulta, mientras que el cambio correspondiente para la mortalidad juvenil es de
tinicamente 0.016 por un incremento del 10%. En otras palabras, el cambio incremental
correspondiente a la mortalidad adulta es més de seis veces mayor con respecto al de la
mortalidad juvenil.

El crecimiento deterministico se ve severamente afectado cuando se incluye la ocurrencia
de sequia en los diferentes escenarios modelados. Bajo condiciones de baja mortalidad adulta y
juvenil, la tasa de crecimiento deterministico se reduce de 0.011 a 0.038. El escenario menos
optimista, con alta mortalidad juvenil y adulta, asi como con la ocurrencia de sequia, conduce a
una tasa de crecimiento deterministico del -0.097.

Resultados de Simulacién Estocdstica

~ El escenario base (Fila # 301), con baja mortalidad juvenil y adulta y sin sequia en la categoria de
poblacién grande (N, = 1200, K = 3000), resulta en un crecimiento anual de casi el 4% sin
ningun riesgo de extincién durante el periodo considerado de 100 afios (Tabla 3.1). De hecho, la
poblacién se incrementa rdpidamente de un tamaifio inicial de 1,200 individuos a casi el limite de
la capacidad de carga del habitat de 3,000 individuos, en solo 40 afios (Figura 3.1b). El riesgo de
extincién permanece en 0 cuando se incrementa la mortalidad juvenil al 25% 'y atin al 30% bajo
una reducida mortalidad adulta, con tamafios poblacionales finales mantenidos cerca de K (2930
y 2876 respectivamente; Figuras 3.2 y 3.3). Si se adiciona la sequia a estos mismos escenarios, el
riesgo de extincién permanece en O atin bajo una mortalidad juvenil del 40%. Sin embargo, la
tasa de crecimiento estocdstico de la poblacién (r,) se reduce significativamente y de hecho se
muestra como negativa bajo niveles altos de mortalidad juvenil con una reduccién en casi un
40% en el tamaiio de la poblacién final (N, = 760). Estos resultados indican que atin cuando
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eventos catastréficos tales como una sequia tienen una probabilidad de ocurrencia relativamente
baja, sus efectos pueden ser severos y conducir a la inestabilidad en la poblacién.

En contraste con los resultados obtenidos al incrementar la mortalidad juvenil bajo
condiciones de baja mortalidad adulta, niveles altos de mortalidad adulta casi siempre conducen
a una inestabilidad de la poblacion (Tabla 3.1, Figuras 3.1 - 3.3). Ain cuando la mortalidad
juvenil es baja, una mortalidad adicional del 6% en los adultos conduce a un declinamiento de la
poblacién (r =-0.026) y a una reduccion en el tamafio final de las poblaciones (&, = 131), con
un pequefio pero aiin medible riesgo de extincién en el periodo de 100 afios (P(E) = 0.008).
Cuando la mortalidad adulta se incrementa al 19%, la poblacién se muestra como severamente
inestable, presentando una probabilidad de extincién del 56% y una media en el tiempo de
extincién de 83 afios. La inclusion de sequia en estos escenarios produce inestabilidad adicional,
particularmente bajo una mortalidad adulta del 16%, pudiéndose observar una probabilidad de
extincién del 0.48 y un tamaiio de la poblacién final correspondiente a 19 individuos (Figura
3.4). Bajo una mortalidad adulta del 19%, la extincién es virtualmente inevitable con una media
en el tiempo de extincién correspondiente a 65 afios (Figura 3.4a).

Conforme se incrementa la mortalidad adulta bajo condiciones de una mayor mortalidad
juvenil, la poblacidn se desestabiliza mayormente (Tabla 3.1). Bajo mortalidades adultas del
13%, 16% o 19%, todas las tasas de crecimiento estocdstico son negativas, con o sin la inclusién
de la sequia. El riesgo de extincion presenta un rango de cero, cuando la mortalidad juvenil es del
25% y la mortalidad adulta es del 13%, a cerca del 100% cuando la mortalidad adulta es del 19%
y la mortalidad juvenil es del 25% o 30% bajo condiciones de sequia. Bajo estas condiciones de
maxima severidad, la extincion usualmente ocurre en promedio durante un periodo de 80 afios.
Los tamaflos poblacionales usualmente se reducen considerablemente de los 1,200 animales
iniciales. Bajo condiciones de una mortalidad adulta del 13%, mortalidad juvenil del 25% y sin
sequia, la poblacién exhibe un declinamiento estocdstico muy lento (r, =-0.002) y un tamafio
final de la poblacién de 1171 animales (Fila #306). Sin embargo, bajo condiciones mds severas,
el tamafio de la poblacion final consiste en Ginicamente un nimero muy reducido de individuos
(por ejemplo, Fila # 308, 312 y 324).

Los resultados de estas simulaciones incorporando una reduccién deterministica anual del
2.5% en la capacidad de carga del habitat para la categoria de poblaciones grandes se muestra en
la Tabla 3.2. En general, los resultados son muy similares a aquellas simulaciones que carecen
de dicha tendencia en K: r | P(E) y T(E), difieren de los valores correspondientes en la Tabla 3.1
por unos pocos porcentages. En general, el impacto de la reduccién de K es mayor bajo
condiciones de sequia y/o de elevada mortalidad adulta. En otras palabras, una situacién en la
que el habitat ocupado es gradualmente destruido conduce a incrementar los problemas
estocésticos demograficos y ambientales enfrentados por la poblacién. Tal y como se espera, los
tamafios de las poblaciones finales son modulados por la reduccién en la capacidad de carga,
pero tnicamente en aquellos escenarios que muestran un crecimiento positivo. En aquellos
escenarios que muestran un declinamiento en la poblacién, los tamafios de la poblacién final son
esencialmente equivalentes a aquellos mostrados en los escenarios de la Tabla 3.1.
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La Tabla 3.3 y las Figuras 3.7-3.9 presentan los resultados de los escenarios que modelan
las categorias de poblaciones pequefias. Mientras que las tendencias poblacionales para los
escenarios de poblaciones pequefias son cualitativamente muy similares a los modelos de las
poblaciones grandes (Figuras 3.7b-3.9b) debido a la similitud en las tasas de crecimiento
estocdstico, las poblaciones pequefias se encuentran bajo un riesgo considerablemente mayor de
extincion bajo niveles intermedios y elevados de mortalidad adulta. Por ejemplo, con un 20% de
mortalidad juvenil y un 16% de mortalidad adulta y sin sequia (Fila # 351), la probabilidad de
extincion es de casi el 73%. En contraste, la poblacién mayor, bajo la misma serie de
condiciones (Fila # 303, Tabla 3.1), presenta una probabilidad de extincién menor al 1%. Desde
luego, ambas poblaciones presentan un declinamiento deterministico (y estocdstico), por lo que
el destino a largo plazo de ambas poblaciones simuladas es el mismo. Estos resultados, sin
embargo, muestran las amenazas inmediatas enfrentadas por las poblaciones pequefias de tapir en
Panamad. De hecho, esta evidencia es més clara por la observacién de que bajo severas
condiciones de mortalidad, la media en el tiempo de extincién poblacional presenta un rango de
30 afios en aquellos casos en los que una sequia se presenta, a aproximadamente 50 afios. El
riesgo de extincién se incrementa considerablemente conforme se incrementa la mortalidad
juvenil (Figuras 3.11 y 3.12).

Las reducciones de la capacidad de carga en escenarios de poblaciones pequefias
conducen a resultados similares a los obtenidos en las poblaciones mayores (Tabla 3.4).
Posiblemente la observacién mas evidente es la reduccién adicional en la heterocigocidad
poblacional bajo estas condiciones (comparar columna 9 en Tablas 3.3 y 3.4). Esta consecuencia
del persistente reducido tamafio poblacional asi como de la consanguinidad acompafiante puede
conducir tanto a una reduccién en la sobrevivencia de la poblacién como a una disminucién del
potencial adaptativo a largo plazo conforme las poblaciones intentan adaptarse a los cambios
ambientales.

La inclusién de depresion por consanguinidad en los escenarios de poblaciones pequefias
contribuye a un incremento del riesgo de extincion en todos los escenarios con excepcion de los
de mas baja mortalidad adulta (Tablas 3.5 y 3.6, Figuras 3.13-3.18). Una ilustracién adecuada de
este efecto puede ser observada en el escenario que considera una mortalidad juvenil del 20% y
una mortalidad adulta del 13% sin la ocurrencia de sequia (Fila # 350). Sin los efectos deletéreos
de la consanguinidad, la poblacién presenta un crecimiento anual del 0.3% (r, = 0.003) con un
tamafio de la poblacién final de 90 individuos y un riesgo de extincién del 4% en un periodo de
100 afios (Tabla 3.3, Figura 3.7). Si se incluye consanguinidad en el modelo, la tasa de
crecimiento estocastico de la poblacion se convierte en negativa (r, = - 0.016), el tamafio de la
poblacién final disminuye a 43 animales, y el riesgo de extincién se incrementa a 31.5% (Tabla
3.5, Figura 3.13). Las Figuras 3.7b y 3.13b ilustran graficamente este efecto (referirse a la linea
con los simbolos cuadrados). Mientras que las poblaciones simuladas sin depresion por
consanguinidad muestran un crecimiento consistente a lo largo del periodo de tiempo (Figura
3.7b), las poblaciones consanguineas muestran tasas de crecimiento similares tinicamente durante
los primeros 20 afios de simulacién, pudiéndose observar posteriormente que el incremento en la
mortalidad juvenil a través de consanguinidad genera una declinacién casi linear en el tamatfio
poblacional en la duracién del perfodo de tiempo considerado (Figura 3.13b).
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Bajo condiciones de consanguinidad, la inclusién de sequias conduce a que todas las
poblaciones experimenten un declinamiento estocdstico, atin aquellas con baja mortalidad
(Figuras 3.16-3.18). Bajo el escenario mds pesimista, en la que poblaciones pequefias y
consanguineas de tapires ocupan hédbitats perturbados sujetos a condiciones de sequia,
posiblemente el riesgo de extincidn es de cerca del 35% atin bajo las condiciones de mortalidad
mds optimistas (Tabla 3.6, Fila #433). Si la capacidad de carga permanece constante, el riesgo es
aun considerable (P(E) = 0.315: Tabla 3.5, Fila # 409). Estos resultados demuestran, que
aunque carecemos de informacién especifica de los efectos de consanguinidad de las poblaciones
silvestres del tapir, las consecuencias de tal proceso no pueden ser ignoradas al considerar la
viabilidad de poblaciones pequeiias y fragmentadas.

Conclusiones

Las simulaciones del modelaje VORTEX referentes a las poblaciones del macho de monte en
Panamd, sugieren que el principal factor demogréfico que afecta la viabilidad de sus poblaciones
es la mortalidad en adultos. Asumiendo una mortalidad base en adultos del 10%, una mortalidad
adicional del 6% conduce a un declinamiento de la poblacién y a un riesgo substancial de
extincion en un periodo de 100 afios. Si la mortalidad adulta se incrementa a un 25%, la
extincion de la poblacién virtualmente se asegura en un periodo de alrededor de 80 afios.

La considerable sensibilidad de las poblaciones de tapir a la mortalidad adulta
identificada en el modelaje, se presenta graficamente en la Figura 3.19. Cada barra en la gréfica
muestra la probabilidad de extincion promediada sobre todos los escenarios con un valor
asignado sobre el pardmetro. Por ejemplo, la media en la probabilidad de extincién poblacional
para todos los escenarios en los que la mortalidad juvenil fue del 20% (N = 48) es 0.504 (la barra
ubicada en el extremo izquierdo). La figura muestra que un incremento en la mortalidad juvenil
y la inclusién de sequia y de depresion por consanguinidad condujeron de hecho a un incremento
en el riesgo de extincidn. Sin embargo, el factor determinante sobre el riesgo de extincidn es
claramente la mortalidad en ejemplares adultos, al compararlo con otros factores.

Tal y como fue discutido anteriormente, el incremento en la mortalidad adulta fue
utilizado para simular la caceria furtiva de ejemplares adultos por habitantes locales. Mds
especificamente, estos niveles de mortalidad simularon tasas de caceria furtiva correspondientes
al 3%, 6% y 9%. Debido a que en el "mejor de los casos", el escenario sin caceria furtiva, resultd
en una tasa de crecimiento del 4%, una tasa de caceria furtiva del 6% en tapires adultos, no
parece ser sostenible. En otras palabras, la caceria furtiva de aproximadamente 60 tapires de una
poblacién de 1,000, bajo las condiciones modeladas aqui, puede conducir a la extincién de una
poblacién, atin bajo niveles bajos o modestos de mortalidad juvenil. En caso de que se presenten
condiciones de sequia similares a las modeladas en este reporte en las poblaciones silvestres de
Tapir en Panam4, atin una tasa de caceria furtiva del 3% conduce a un declinamiento
deterministico de la tasa de crecimiento poblacional, incluso cuando la mortalidad en juveniles es
baja. En conjunto, los resultados del modelaje conducen a la conclusién de que la caceria
furtiva de tapires adultos—aiin a bajos niveles—pueden tener consecuencias detrimentales
para la persistencia de estas poblaciones.
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El desarrollo de un plan de manejo coherente para el tapir seguramente incluird la
eleccién entre estrategias alternativas. De acuerdo a estos prospectos, es claro que un
componente vital del manejo del tapir en vida silvestre debe de enfocarse a reducir las tasas de
caceria furtiva a niveles sostenibles.
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Sample VORTEX Input File

TAPIR425.0UT

***Output Filename***

Y ***Graphing Fileg?***

N ***Each Iteration?***

Y ***Screen display of graphs?***

200 ***Simulations***

100 ***Years***

10 ***Reporting Interval***

1 ***pPopulationg***

Y ***Tnbreeding Depression?***

H

3.140000

N ***EV correlation?***

1 ***Types Of Catastrophes***

P ***Monogamous, Polygynous, or Hermaphroditic***
3 ***Female Breeding Age***

3 ***Male Breeding Age***

20 ***Maximum Age***

0.500000 ***Sex Ratio***

1 ***Maximum Litter Size***

N ***Density Dependent Breeding?***
50.000000 ***population 1: Percent Litter Size 0***
50.000000 ***population 1: Percent Litter Size 1***
12.500000 ***EV--Reproduction***
25.000000 ***Female Mortality At Age 0***
7.500000 ***Ey--FemaleMortality***
10.000000 ***Female Mortality At Age 1***
3.000000 ***EyV--FemaleMortality***
10.000000 ***Female Mortality At Age 2*%**
3.000000 ***Ey--FemaleMortality***
10.000000 ***Adult Female Mortality***
3.000000 ***EV--AdultFemaleMortality***
25.000000 ***Male Mortality At Age 0***
7.500000 ***Ey--MaleMortality***
10.000000 ***Male Mortality At Age 1***
3.000000 ***EyV--MaleMortality***
10.000000 ***Male Mortality At Age 2***
3.000000 ***xEyV--MaleMortality***
10.000000 ***Adult Male Mortality***
3.000000 ***EV--AdultMaleMortality***
20.000000 ***Probability Of Catastrophe 1***
1.000000 ***Severity--Reproduction***
1.000000 ***Seyerity--Survival***

Y ***A11l Males Breeders?***

Y ***Start At Stable Age Distribution?***
60 ***Tnitial Population Size***

150 ***K***

0.000000 R VAR il

Y ***Trend In K?***

20

-2.500000

N ***Harvest?***

N ***Supplement?***

Y ***AnotherSimulation?***

Reporte de PHV A del Macho de Monte

29



Sample VORTEX Output File
VORTEX -- simulation of genetic and demographic stochasticity
TAPIR425.0UT
Thu Apr 13 10:17:28 1995
1 population(s) simulated for 100 years, 200 iterations

HETEROSIS model of inbreeding depression
with 3.14000 lethal equivalents per diploid genome

First age of reproduction for females: 3 for males: 3

Age of senescence (death): 20

Sex ratio at birth (proportion males): 0.50000
Population 1:

Polygynous mating; all adult males in the breeding pool.

Reproduction is assumed to be density independent.

50.00 (EV = 12.50 SD) percent of adult females produce litters of size 0
50.00 percent of adult females produce litters of size 1

25.00 (EV = 7.50 SD) percent mortality of females between ages 0 and 1
10.00 (EV = 3.00 SD) percent mortality of females between ages 1 and 2
10.00 (EV = 3.00 SD) percent mortality of females between ages 2 and 3
10.00 (EV = 3.00 SD) percent annual mortality of adult females
(3<=age<=20)
25.00 (EV = 7.50 SD) percent mortality of males between ages 0 and 1
10.00 (EV = 3.00 SD) percent mortality of males between ages 1 and 2
10.00 (EV = 3.00 SD) percent mortality of males between ages 2 and 3
10.00 (EV = 3.00 SD) percent annual mortality of adult males
(3<=age<=20)

EVs may have been adjusted to closest values
possible for binomial distribution.

EV in mortality will be correlated among age-sex classes
but independent from EV in reproduction.

Frequency of type 1 catastrophes: 10.000 percent
with 1.000 multiplicative effect on reproduction
and 1.000 multiplicative effect on survival

Initial size of Population 1:
(set to reflect stable age distribution)
Age 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 Total
4 4 3 2 3 2 2 1 2 1 1 1 1 0 1 0 1 0 1 O 30 Males
4 4 3 2 3 2 2 1 2 1 1 1 1 0 1 0 1 0 1 O 30

Females

Carrying capacity = 150 (EV = 0.00 SD)
with a 2.500 percent decrease for 20 years.
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Deterministic population growth rate (based on females, with assumptions of
no limitation of mates, no density dependence, and no inbreeding
depression) :

r = 0.030 lambda = 1.031 RO = 1.291
Generation time for: females = 8.49 males = 8.49
Stable age distribution: Age class females males
0 0.079 0.079
1 0.057 0.057
2 0.050 0.050
3 0.044 0.044
4 0.038 0.038
5 0.033 0.033
6 0.029 0.029
7 0.025 0.025
8 0.022 0.022
9 0.019 0.019
10 0.017 0.017
11 0.015 0.015
12 0.013 0.013
13 0.011 0.011
14 0.010 0.010
15 0.009 0.009
16 0.008 0.008
17 0.007 0.007
18 0.006 0.006
19 0.005 0.005
20 0.004 0.004

Ratio of adult (>= 3) males to adult (>= 3) females: 1.000

Population 1

Year 10
N[Extinct] = 0, P[E] = 0.000
N[Surviving] = 200, P[S] = 1.000
Population size = 81.37 ( 1.34 SE, 18.98 SD)
Expected heterozygosity = 0.978 ( 0.000 SE, 0.003 SD)
Observed heterozygosity = 0.996 ( 0.000 SE, 0.007 SD)
Number of extant alleles = 65.64 ( 0.63 SE, 8.92 SD)
Year 20
N[Extinct] = 0, P[E] = 0.000
N[Surviving] = 200, P[S] = 1.000
Population size = 73.59 ( 0.69 SE, 9.80 SD)
Expected heterozygosity = 0.965 ( 0.000 SE, 0.007 SD)
Observed heterozygosity = 0.986 ( 0.001 SsE, 0.015 SD)
Number of extant alleles = 44 .14 ( 0.46 SE, . 6.46 SD)
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Year

Year

Year

Year

Year

Year

Year

32

30

N[Extinct] = 0, PIE]
N[Surviving] = 200, P[S]
Population size =
Expected heterozygosity =
Observed heterozygosity =
Number of extant alleles =

40
N[Extinct] = 0, PI[E]
N[Surviving] = 200, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =

50
N[Extinct] = 0, P[E]
N[Surviving] = 200, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =

60
N[Extinct] = 0, P[E]
N[Surviving] = 200, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =

70
N[Extinct] = 0, PI[E]
N{[{Surviving] = 200, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =

80
N[Extinct] = 0, P[E]
N[Surviving] = 200, P[S]

Population size =

Expected heterozygosity =
Observed heterozygosity =
Number of extant alleles =

90
N[Extinct] = 1, P[E]
N[Surviving] = 199, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =
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= 0.000
= 1.000

68.61
0.950
0.974
32.42

0.000
1.000
67.83
0.935
0.961
25.67

0.000
1.000
66.74
0.919
0.947
21.12

= 0.000

1.000
64.09
0.906
0.930
17.90

= 0.000
= 1.000

61.96
0.890
0.917
15.55

0.000
1.000
60.32
0.873
0.904
13.76

= 0.005
= 0.995

57.73
0.858
0.887
12.21

—~ e~~~ —~ o~~~ —~ e~~~ —_—~ e~~~ —~ e~~~

—~ o~ o~ —~

0.62
0.001
0.001

0.31

0.67
0.001
0.002

0.25

0.78
0.001
0.002

0.22

0.93
0.002
0.003

0.21

1.03
0.002
0.003

0.20

1.14
0.003
0.004

0.20

1.19
0.003
0.004

0.19

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

8.80
0.010
0.020

4.43

9.48
0.015
0.025

3.54

11.00
0.020
0.033

3.13

13.09
0.022
0.039

2.97

14.54
0.027
0.047

2.81

16.11
0.038
0.050

2.78

16.85
0.047
0.054

2.73

SD
SD
SD

SD)
SD)
SD)
SD)

SD)
SD)
SD)
SD)

SD)
SD)
SD)
SD)

SD)
SD)
SD)
SD)

SD)
SD)
SD)
SD)



Year 100

N[Extinct] = 3, P[E] = 0.015
N[Surviving] = 197, P[S] = 0.985
Population size = 55.06 ( 1.28
Expected heterozygosity = 0.839 ( 0.004
Observed heterozygosity = 0.873 ( 0.005
Number of extant alleles = 10.93 ( 0.19

In 200 simulations of Population 1 for 100 years:
3 went extinct and 197 survived.

This gives a probability of extinction of 0.0150
or a probability of success of 0.9850

3 simulations went extinct at least once.
Of those going extinct,
mean time to first extinction was 94.67 years

No recolonizations.

Mean final population for successful cases was 55

Age 1 2 Adults Total
3.23 2.68 21.16 27.07 Males
3.32 3.17 21.50 27.99 Females

Without harvest/supplementation, prior to carrying capacity truncation,

mean growth rate (r) was 0.0134 (0.0006 SE, 0.0
Final expected heterozygosity was 0.8394 ( O
Final observed heterozygosity was 0.8732 (0
Final number of alleles was 10.93 (
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SE, 17.99 SD)
SE, 0.059 SD)
SE, 0.068 SD)
SE, 2.62 SD)

(0.0086 SE),
(0.0086 SE).

(3.18 SE, 5.51 SD).

.06 (1.28 SE, 17.99 SD)

781 SD)

.0042 SE, 0.0593 SD)
.0049 SE, 0.0681 SD)
0.19 SE, 2.62 SD)
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Table 3.1. Baird’s tapir population analysis: initial population size = 1200, K = 3000.

Mortality (%)

File # | Juvenile Adult | Catastrophe Iy 1, (SD) P(E) N1m@)__Hm_£
301 20 10 None .038 .037 (.054) | 0.0 2955 (94) 0996 | —
313 Drought 011 .008 (.104) | 0.0 1923 (820) | 0.991 | —
302 13 None .008 .006 (.064) | 0.0 2080 (713) | 0992 | —
314 Drought -018 | -.024(.116) | 0.014 | 208 (256) 0941 | 93
303 16 None -022 | -.026(.081) | 0.008 | 131 (124) 0943 [ 90
315 Drought -049 | -.059(.151) | 0.480 | 19 (21) 0.753 | 82
304 19 None -054 | -.062 (.136) | 0.556 | 12 (10) 0.696 | 83
316 Drought -081 | -.096(.184) | 0.970 | 6 (5) 0434 | 65
305 25 10 None .030 .029 (.055) | 0.0 2930 (121) | 0.995 | —
317 Drought .004 .000 (.104) | 0.0 1359 (868) | 0.990 | —
306 13 None .000 | -.002 (.066) | 0.0 1171 (687) | 0.988 | —
318 Drought -026 | -.032(.119) | 0.038 | 99 (138) 0.906 | 86
307 16 None -.030 | -.035(.091) | 0.038 | 58 (52) 0.897 | 91
319 Drought -.057 | -.068 (.161) | 0.728 | 15 (14) 0.713 | 80
308 19 None -062 | -.073(.148) | 0.796 | 10(9) 0.633 | 80
320 Drought -089 | -.105(.187) | 0.996 | 8(5) 0512 | 61
309 30 10 None .022 .021 (.057) | 0.0 2876 (184) | 0.995 | —
321 Drought -005 | -.008(.105) | 0.0 760 (654) 0979 | —
310 13 None -008 | -.011(.069) | 0.0 510 (362) 0981 [ —
322 Drought -034 | -.043(.131) | 0.170 | 47 (56) 0.854 | 87
311 16 None -039 | -.044(.103) | 0.136 | 31 (32) 0.841 | 89
323 Drought -065 | -.078(.169) | 0.834 | 9(6) 0.653 | 75
312 19 None -071 | -.083(.157) | 0.916 | 8(7) 0537 | 73
324 Drought -097 | -113(.190) | 0.998 | 5(0) 0.480 | 57
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Table 3.2. Baird’s tapir population analysis: initial population size = 1200, K = 3000, 2.5% annual
reduction in K over the first 20 years of the simulation (50% total reduction in K).

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy r, (SD) P(E) N,(SD) A&
325 20 10 None .038 .036 (.055) | 0.0 1478 (42) 0992 | —
337 Drought 011 .008 (.105) | 0.0 1036 (382) | 0.988 | —
326 13 None .008 .006 (.064) | 0.0 1218 (267) { 0.990 | —
338 Drought -018 | -.024 (.116) | 0.020 | 191 (214) 0938 [ 93
327 16 None -022 | -.026 (.082) | 0.006 | 132 (125) 0940 | 89
339 Drought -.049 | -.059 (.153) | 0.494 | 19 (21) 0.767 | 82
328 19 None -.054 | -.065(.138) | 0.636 | 13 (10) 0.723 | 83
340 Drought -.081 -.095 (.181) | 0.972 | 7(4) 0.526 | 66
329 25 10 None .030 .029 (.056) | 0.0 1463 (68) 0992 | —
341 Drought .004 .000 (.105) | 0.0 863 (435) 0986 | —
330 13 None .000 | -.002 (.066) | 0.0 882 (345) 0988 | —
342 Drought -026 | -.032(.120) | 0.050 | 96 (112) 0914 | 89
331 16 None -.030 | -.035(.090) | 0.044 | 60 (58) 0.900 | 93
343 Drought -.057 | -.069 (.162) | 0.702 | 12 (14) 0.696 | 79
332 19 None -062 | -.073(.149) | 0.814 | 10(7) 0.645 | 80
344 Drought -.089 | -.105(.187) 1 0.992 |4 (1) 0.458 | 61
333 30 10 None 022 .020 (.058) | 0.0 1431 (100) | 0.992 | —
345 Drought -.005 | -.008 (.105) | 0.002 | 571 (395) 0.979 | 100
334 13 None -.008 | -.010(.069) | 0.0 488 (269) 0981 | —
346 Drought -.034 | -.042(.128) | 0.138 | 48 (59) 0.862 | 87
335 16 None -.039 | -.046 (.106) | 0.182 | 29 (28) 0.830 | 91
347 Drought -065 | -.079(.170) | 0.862 | 10 (6) 0.647 | 75
336 19 None -.071 -.084 (.156) | 0.950 | 8 (5) 0.617 | 74
348 Drought -097 | -.113(.191) | 0.998 | 3 (0) 0.611 | 57

Reporte de PHV A del Macho de Monte

35



Table 3.3. Baird’s tapir population analysis: initial population size = 60, K = 150.

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy 1, (SD) P(E) NIMH&&
349 20 10 None .038 .036 (.066) | 0.0 145 (9) 0910 | —
361 Drought 011 .003 (.126) | 0.090 | 85 (45) 0.812 | 67
350 13 None .008 .003 (.091) | 0.040 | 90 (44) 0822 | 70
362 Drought -018 | -.033(.169) | 0.646 | 26 (25) 0.618 | 64
351 16 None -022 | -.038 ~(.156) 0.726 | 17 (15) 0.583 | 64
363 Drought -.049 | -.067(.203) | 0.966 | 8 (4) 0435 | 47
352 19 None -054 | -.073(193) 1 0.990 | 7(4) 0519 | 45
364 Drought -081 | -103(225) ] 1.0 — — 30
353 25 10 None .030 .027 (.069) | 0.0 142 (12) 0908 | —
365 Drought .004 | -.005(.133) | 0.174 | 67 (45) 0.781 | 69
354 13 None 000 [ -.007 (.105) | 0.148 | 62 (42) 0772 | 72
366 Drought -026 | -.040(.175) | 0.762 | 17 (16) 0.609 | 61
355 16 None -030 | -.045(.162) | 0.818 | 15 (13) 0.537 | 60
367 Drought -057 | -.076(204) | 0.990 | 10(7) 0496 | 44
356 19 None -062 | -.083(.199) | 0.996 | 7(6) 0452 [ 40
368 Drought -089 | -114(233) | 1.0 — — 30
357 30 10 None .022 .019 (.072) | 0.006 | 134 (24) 0.895 | 68
369 Drought -005 | -.015(.141) | 0.282 | 45 (40) 0.738 | 68
358 13 None -008 | -017(.122) | 0.322 | 38 (31) 0.716 | 73
370 Drought -034 | -.050(.185) | 0.870 | 12 (10) 0.559 | 57
359 16 None -039 | -.055(.174) | 0916 | 11(8) 0483 | 54
371 Drought -065 | -.083(210) | 0.996 | 7(3) 0572 | 40
360 19 None -071 | -.093(.207) | 0.998 | 4 (0) 0375 | 37
372 Drought -097 | -123(233) | 1.0 — — 28
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Table 3.4. Baird’s tapir population analysis: initial population size = 60, K = 150, 2.5% annual reduction
in K over the first 20 years of the simulation (50% total reduction in K).

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy 1, (SD) P(E) NIM_HM&
373 20 10 None .038 .034 (.075) | 0.0 71 (6) 0.853 | —
385 Drought 011 .003 (.131) | 0.106 | 47 (22) 0.767 | 69
374 13 None .008 .001 (.099) | 0.070 | 47 (21) 0.780 | 72
386 Drought -018 | -.033(.170) | 0.646 | 20 (16) 0.615 | 65
375 16 None -022 | -.035(.154) | 0.694 | 16 (14) 0.539 | 66
387 Drought -049 | -.068 (.202) | 0.972 | 8(5) 0.397 | 46
376 19 None -054 | -.075(.196) | 0.990 | 7 (5) 0.358 | 44
388 Drought -081 | -.102(227) | 1.0 — — 33
377 25 10 None .030 .025 (.077) | 0.002 | 69 (9) 0.846 | 41
389 Drought .004 | -.007 (.139) | 0.232 | 38 (22) 0.736 | 71
378 13 None .000 | -.007 (.108) | 0.176 | 40 (20) 0744 | 72
390 Drought -026 | -.043(.179) | 0.796 | 15(11) 0.533 | 61
379 16 None -.030 | -.047(.167) | 0.868 | 12 (11) 0.508 | 60
391 Drought -.057 | -.081(.211) | 0.994 | 6 (3) 0432 | 41
380 19 None -.062 | -.083(.199) | 0.996 | 2(0) 0313 | 40
392 Drought -089 | -.112(.228) | 0.998 | 8 (0) 0219 | 30
381 30 10 None 022 .017 (.080) | 0.008 | 65 (14) 0.837 | 80
393 Drought -005 | -.016(.147) 1 0350 | 29 (21) 0.694 | 72
382 13 None -.008 | -.017 (.122) | 0.312 | 28 (18) 0.680 | 69
394 Drought -.034 | -.049(.183) | 0.868 | 13 (10) 0567 | 56
383 16 None -039 | -.056(.172) | 0.932 | 10(9) 0462 | 55
395 Drought -065 | -.085(.208) | 0.996 | 13 (16) 0.239 | 39
384 19 None -.071 | -.091(.201) | 1.0 — — 33
396 Drought -097 | -123(231) | 1.0 — — 28
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Table 3.5. Baird’s tapir population analysis: initial population size = 60, K = 150; inbreeding depression
(heterosis, 3.14 lethal equivalents).

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy 1, (SD) P(E) N,0(SD) _Hnm_ﬁ
397 20 10 None .038 .027 (.066) | 0.0 140 (13) 0910 | —
409 Drought 011 -012 (.132) | 0.280 | 51 (41) 0.800 | 73
398 13 None .008 | -.016(.109) | 0.315 | 43 (33) 0.800 | 78
410 Drought -018 | -053(.178) | 0.930 | 9(8) 0.683 | 60
399 16 None -022 | -.055(.167) | 0.965 | 10 (5) 0.584 | 61
411 Drought -.049 | -.082(203) | 1.0 — — 42
400 19 None -.054 | -.087(.196) | 1.0 — — 40
412 Drought -.081 -118 (229) | 1.0 — — 30
401 25 10 None .030 .017 (.071) | 0.005 | 125 (32) 0.898 | 71
413 Drought .004 | -.020(.140) | 0.405 | 38 (34) 0778 | 75
402 13 None .000 | -.024 (.123) | 0475 | 28 (26) 0.738 | 79
414 Drought -.026 | -.057 (.185) | 0.960 | 11 (8) 0.669 | 56
403 16 None -.030 | -.065(.176) | 1.0 — — 53
415 Drought -057 | -.089(.203) | 1.0 — — 38
404 19 None -062 | -.097(199) | 1.0 — — 35
416 Drought -089 | -.121(234) | 1.0 — — 29
405 30 10 None .022 .008 (.075) | 0.025 | 101 (40) 0.879 | 84
417 Drought -.005 | -.032(.151) | 0.630 | 25 (30) 0735 | 74
406 13 None -.008 | -.037(.141) | 0.755 | 17 (15) 0.682 | 71
418 Drought -034 | -.066(.188) | 0.980 | 5(3) 0554 | 50
407 16 None -039 | -.073(.180) | 1.0 — — 47
419 Drought -065 | -.097(213) | 1.0 — — 35
408 19 None -.071 -.104 (:200) | 1.0 — — 33
420 Drought -.097 | -.128(.228) | 1.0 — — 27
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Table 3.6. Baird’s tapir population analysis: initial population size = 60, K = 150, 2.5% annual reduction
in K over the first 20 years of the simulation (50% total reduction in K); inbreeding depression (heterosis,
3.14 lethal equivalents).

Mortality (%)

File# | Juvenile | Adult | Catastrophe Iy r, (SD) P(E) N;0(SD) _Hm_&
421 20 10 None .038 .023 (.075) | 0.0 64 (13) 0852 | —
433 Drought 011 | -.013(.139) | 0.345 | 27 (19) 0.743 | 76
422 13 None .008 | -.019(.118) | 0.380 | 22 (16) 0.729 | 78
434 Drought -018 | -.051(.180) | 0.935 | 9(6) 0.567 | 61
423 16 None -022 | -.054(.165) | 0.965 | 5(3) 0.490 | 59
435 Drought -.049 | -.078(203) | 0.995 | 5(0) 0.780 | 43
424 19 None -054 | -.083(.190) | 1.0 — — 40
436 Drought -.081 -115(233) | 1.0 — — 31
425 25‘ 10 None .030 .013 (.078) | 0.015 | 55 (18) 0.839 | 95
437 Drought .004 | -.025(.148) | 0.545 | 19 (15) 0715 | 77
426 13 None .000 | -.026(.128) | 0.515 | 16 (12) 0.682 | 78
438 Drought -026 | -.055(.180) | 0.965 | 7(3) 0.675 | 59
427 16 None -.030 | -.063(.170) | 1.0 — — 53
439 Drought -057 | -.090(.209) | 1.0 — — 38
428 19 None -062 | -.095(.202) | 1.0 — — 36
440 Drought -089 | -.121(.224) | 1.0 — — 29
429 30 10 None .022 .003 (.087) | 0.070 | 45 (21) 0.819 | 87
441 Drought -005 | -.033(.154) | 0.680 | 15 (15) 0645 | 71
430 13 None -008 | -.037(.141) | 0.745 | 11 (11) 0.639 | 72
442 Drought -.034 | -.063(.184) | 0.960 | 6 (3) 0.629 | 50
431 16 None -039 | -.071(178) | 1.0 — — 48
443 Drought -065 | -.094(212) | 1.0 — — 36
432 19 None -071 | -.101(.202) | 1.0 — — 34
444 Drought -097 | -130(.232) | 1.0 — — 27
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Figure Legends

Figure 3.1. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20%. Initial population size is 1200 and the carrying
capacity is 3000. The four curves in each plot correspond to the four levels of adult mortality
modelled in the simulations: 10%, 13%, 16%, and 19%. These symbols remain constant
throughout the figures.

Figure 3.2. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25%. Initial population size is 1200 and the carrying
capacity is 3000.

Figure 3.3. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30%. Initial population size is 1200 and the carrying
capacity is 3000.

Figure 3.4. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20% and the addition of drought. Initial population size is
1200 and the carrying capacity is 3000.

Figure 3.5. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25% and the addition of drought. Initial population size is
1200 and the carrying capacity is 3000.

Figure 3.6. Probélbility of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30% and the addition of drought. Initial population size is
1200 and the carrying capacity is 3000.

Figure 3.7. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20%. Initial population size is 60 and the carrying capacity
is 150.

Figure 3.8. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25%. Initial population size is 60 and the carrying capacity
is 150.

Figure 3.9. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30%. Initial population size is 60 and the carrying capacity
is 150.

Figure 3.10. Probability of extinction (a) and population size (b) for simulated Baird’s tapir

populations with juvenile mortality = 20% and the addition of drought. Initial population size is
60 and the carrying capacity is 150.

40 Reporte de PHV A del Macho de Monte



Figure 3.11. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25% and the addition of drought. Initial population size is
60 and the carrying capacity is 150.

Figure 3.12. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30% and the addition of drought. Initial population size is
60 and the carrying capacity is 150.

Figure 3.13. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20%. Initial population size is 60 and the carrying capacity
is 150, with inbreeding depression added to the simulations. '

Figure 3.14. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25%. Initial population size is 60 and the carrying capacity
is 150, with inbreeding depression added to the simulations.

Figure 3.15. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30%. Initial population size is 60 and the carrying capacity
is 150, with inbreeding depression added to the simulations.

Figure 3.16. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20% and the addition of drought. Initial population size is
60 and the carrying capacity is 150, with inbreeding depression added to the simulations.

Figure 3.17. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25% and the addition of drought. Initial population size is
60 and the carrying capacity is 150, with inbreeding depression added to the simulations.

Figure 3.18. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30% and the addition of drought. Initial population size is
60 and the carrying capacity is 150, with inbreeding depression added to the simulations.

Figure 3.19. Effect of varying different population parameters on probability of extinction in

simulated Baird’s tapir populations. Each bar in the graph gives the probability of extinction
averaged over all scenarios with the given parameter value.
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Figure 15. Juvenile Mortality = 30%
N, = 60, K = 150; Inbreeding Depression
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EVALUACION DE VIABILIDAD DE POBLACION Y HABITAT
DEL MACHO DE MONTE (Tapirus bairdi)

Panama City, Panama
1-3 de Diciembre de 1994

Seccion 4
Poblaciones en Cautiverio




POBLACIONES EN CAUTIVERIO DEL MACHO DE MONTE

Metas Primarias del Manejo en Cautiverio del Tapir

<EE 7

-
.

Establecer programas educativos que actiien localmente, nacionalmente,
gubernamentalmente e internacionalmente.

Establecer un programa coordinado de reproduccién en cautiverio en Panama.
Desarrollar programas de estudio e investigacion que beneficien al tapir en Panama.
Establecer metas para la reintroduccion.

Educacion
A. Local

1.

Inicialmente los gastos tendrén que ser reducidos a un minimo.

2. Desarrollar programas educativos para los tapires en exhibicion en Panama

3.

(actualmente en el Nispero y en los Jardines de la Cuspide.

Desarrollar programas de "alcance" dirigidos a las personas que habitan en aquellas

dreas donde existe el tapir en Panamd. Incrementar la conciencia y apreciacién de la

especie en estas dreas. Comunicar los efectos devastadores de la caceria furtiva
sobre las poblaciones del tapir. Algunos ejemplos de este tipo de programas son los
siguientes:

a. Desarrollar programas en la radio dirigidos a las personas que habitan dreas
correspondientes al hdbitat del tapir.

b. Donacién por parte de organizaciones internacionales de material educativo a
ONG's, personal de instituciones gubernamentales, investigadores extranjeros y
voluntarios, quienes puedan distribuir estos materiales a los residentes de estas
areas.

c. Ser4 necesario desarrollar procesos similares para otros voluntarios que trabajen
en el hébitat del tapir.

d. El Comité Panamefio del Tapir serd responsable de mantener informados a estos
trabajadores para que sean embajadores adecuados del tapir.

B. Nacional.

1.

3.

Crear una publicacién periddica que resuma las actividades concernientes a los
tapires de Panamd, tanto en vida silvestre como en cautiverio.

a. El Comité deber4 decidir como esta publicacion serd creada, escrita y distribuida.
b. El Comité debera de explorar la oferta del Smithsonian de proporcionar material
de oficina e instalaciones para las juntas concernientes a las actividades de la

publicacién periddica y el Comité.
Anticipar la necesidad de educar al publico Panamefio de la necesidad de
intercambiar selectivamente tapires a otros paises con el propésito de intercambios
genéticos. Estar preparado para desarrollar programas para educar tanto al publico
general como a oficiales clave.
Referirse a la Seccion de Educacién Local para otras ideas aplicables.
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C. Gubernamental.

1.

Identificar todas las agencias gubernamentales que necesiten ser informadas y
actualizadas. Algunos ejemplos son:

Direccién Nacional de Sanidad Animal, Ministerio de Desarrollo Agropecuario.
Departamento de Salud Publica, Ministerio de Salud.

Laboratorio Conmemorativo Gorgas, Ministerio de Salud.

. INRENARE, Departamento de Bosques, Departamento de Parques.

Facultad de Agronomia, Departamento de Zootecnia, Universidad de Panama.
. Fuerza Publica.

Identificar otras instituciones/organizaciones a las que sea necesario mantener
informadas.

a. Instituto Tropical de Investigacién del Smithsonian.

b. Division Veterinaria, Comando Sur, Ejército de los Estados Unidos.

Distribuir los Restimenes Ejecutivos del PHVA y CAMP para Tapires en Espafiol
tanto a agencias como a oficiales claves.

me a0 o

D. Internacional.
Comunicarse con operadores de tours, hoteles locales, y otros elementos de la industria
turistica. Proporcionar materiales que muestren como es que los tapires estdn en peligro
de extincién, por que son animales importantes y que sefialen que son nuestra especie
"bandera" a nivel nacional. Hacer disponible este material tanto a eco-turistas como a
turistas "normales" para que puedan observar estos animales en cautiverio o en
condiciones semi-naturales.

E. Establecer programas de entrenamiento para veterinarios de vida silvestre o para
manejadores de vida silvestre con el objeto de desarrollar conocimiento experto a nivel

nacional.

1. Identificar proyectos de investigacién que puedan ser desarrollados por bidlogos y
candidatos a veterinarios Panamefios, utilizando y beneficiando tapires en cautiverio
(por ejemplo, nutricién, censos de enfermedades y reproduccion).

2. Organizar visitas a otros paises e instituciones expertas en el mantenimiento y
medicina del tapir para desarrollar programas de entrenamiento avanzados.

3. Hacer disponible en Panamad la informacién cientifica existente sobre el tapir y

traducirla al Espafiol. Producir versiones en Espaiiol de articulos de manejo, la
bibliografia para Tapiridae y los documentos CAMP y PHVA. Algunas de las
localidades en las que se podria mantener esta informacion son:

a. Biblioteca del Laboratorio Conmemorativo Forgas, Fax 225-4366.

b. Biblioteca del Instituto Smithsonian de Investigaciones Tropicales, Unidad 0948,
APO AA 34002-0948. '

Biblioteca de la Universidad de Panama.

. Centro de Documentacion INRENARE, Paraiso, Areas Revertidas.

Centro de Informacién ANCON, Calle Alberto Navarro, El Cangrejo.
Centro de Informacién sobre el Medio Ambiente (CIMA).

. Biblioteca, Parque Natural Metropolitano.

@ e Ao
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Reproduccion en Cautiverio: Mantenimiento
A. Tapires actualmente en cautiverio en Panama:

Jardines Cuspide (2 machos. 3 hembras)

Sexo Nombre Fecha de Nacimiento Niimero ID
Macho Macho 1986 11A055
Macho Premier Junio 29, 1992 1C121D
Hembra Bell Bell 1986 13A6DA
Hembra Juanita 1988 2413B8
Hembra Chiquita Septiembre, 1990 1DB9SE
Parejas actuales: Macho y Bell Bell; Premier y Chiquita

Veterinario: Anabel de Julio, teléfono: 32-4854

El Nispero, El Valle

Sexo Nombre Fecha de Nacimiento Numero ID
Macho Noriega 1982 14699F
Macho Galen 1991 11F5F8
Macho San Diego Mayo, 1990 240219
Hembra Mbénica 1983 1C0OCO08
Parejas actuales: Galen (11F5F8) y Monica (Octubre 1994).

Duefio: Pablo Caballero, teléfono: 507 - 93-6142 o 23-8720
Responsable:

Villa Griselda, El Valle

Sexo Nombre Fecha de Nacimiento Numero ID.
Macho 1990 4D9F69
Hembra Octubre, 1992 1E9969D
Pareja Actual: Macho ("Shakespere") nacido en Junio 8, 1995 de esta pareja.
Duefio: Jaime Padilla Beliz, Fax: 507-269-6954

Responsable: Andrés.

B. Los tapires existentes en cautiverio deben de ser manejados como un solo grupo y
deben de mantenerse en miiltiples centros cooperativos.

C. Establecer el Comité Panamefio del Tapir quien tendré la responsabilidad de decidir el
manejo de los tapires en cautiverio en Panamd y las transferencias de animales que sean
necesarias.

1. Este Comité debera ser dirigido por un representante del INRENARE.
2. Los miembros niicleo incluirdn representantes de cada una de las instituciones que
cuente con tapires (actualmente Villa Griselda, El Nispero y los Jardines Cumbre).
3. Podran ser invitados a participar en el Comité como miembros adicionales,
representantes de las siguientes organizaciones:
Asociacién de Médicos Veterinarios de Panama
Instituto Smithsonian de Investigacién Tropical
Colegio de Bidlogos de Panama.
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ANCON

Universidad de Panamé

Sociedad Protectora de Animales.
4. La estructura exacta de este Comité serd determinada por los miembros nicleo.
Sugerimos que las decisiones principales adoptadas por este grupo sean endosadas
por el jefe del INRENARE vy por la oficina del Mayor.

e

Determinar prioridades para la poblacion en cautiverio.

1. Desarrollar un plan de manejo de coleccién para los diversos grupos de tapires en
cautiverio en Panama.

2. Evaluar los requerimientos de instalaciones y mantenimiento para cada institucién.
a. Determinar la capacidad de carga existente para cada institucidn.

b. Identificar la necesidad de construir albergues adicionales, anticipando futuros
nacimientos y el recibimiento de huérfanos adicionales del medio silvestre.

3. Evaluar el intercambio de tapires nacidos en cautiverio para mejorar la genética del
tapir en otras colecciones de tapir en cautiverio existentes fuera del pais. La
calendarizacién y factibilidad de esta actividad es dependiente del éxito de los
programas de reproduccién en Panama. El grupo recomienda que el Comité
Panameiio del Tapir consulte y mantenga comunicacién con el coordinador
Estadounidense del TAG para tapir de AZA y con el Grupo Especialista del Tapir
de la TUCN/SSC.

Desarrollar protocolos de manejo y medicina veterinaria para los tapires en cautiverio
en Panama. A continuacién se incluyen algunos ejemplos:
1. Identificacién de animales y registros.
nimeros de microchips.
fechas de nacimientos y decesos.
fechas de acceso y salida.
. pesos corporales registrados periddicamente.
registros reproductivos.
registros de procedimientos médicos.
registros de tratamientos veterinarios.
desarrollar un studbook regional para Panama4 (utilizando el programa de
computadora SPARKS, disponible a través de ISIS)
2. Procedimientos de transportacién/transferencia entre instituciones, revisar
lineamientos internacionales.
a. lineamientos sugeridos para la transportacién de tapires
3. Criterios para el Disefio de Instalaciones y Mantenimiento de Ejemplares.
a. tamafio del encierro.
b. disefio de alberca.
c. sustrato y drenaje.
d. disefio y materiales de cerca
e
f

@ me an o

. cobertizos y sombreaderos.
. comederos.
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4. Procedimientos de medicina preventiva
a. cuarentena
b. identificacién individual de animales.
c. vacunaciones.
d. control de pardsitos
5. Protocolos de necropsia
a. determinar el procedimiento a realizar en caso del fallecimiento de un tapir (por
ejemplo, quien realizard la necropsia, donde serd realizada).
6. Establecer fuentes de apoyo en para diagndstico
a. microbiologia.
b. parasitologia.
c. generales e histopatologia.
7. Técnicas de anestesia.
8. Especificaciones de la dieta y distribucién de alimentos.

III. Estudios / Investigacion

A.

Realizar un censo de enfermedades en tapires en cautiverio y vida silvestre para

identificar problemas de salud de tapires en Panama.

1. Identificar proyectos potenciales de investigacion para estudiantes, candidatos a
veterinarios etc.

a. Ejemplo: censos serolégicos y parasitolégicos de enfermedades que
potencialmente afecten a los tapires. Emplear al caballo doméstico como ejemplo
para aquellas enfermedades que puedan afectar al tapir.

2. Hacer disponible para entrenamiento de investigacion avanzada tanto a las
poblaciones del tapir en cautiverio como a los laboratorios e instalaciones
veterinarias.

Desarrollar estudios para mejorar el mantenimiento del tapir en cautiverio.

1. Nutricién y dietas en los trépicos.

2. Observaciones de la reproduccién y cuidado maternal por bidlogos calificados.

Evaluar el uso de técnicas de criopreservacion y técnicas de reproduccién asistida que

faciliten el intercambio de material genético a nivel internacional.

1. El grupo en el PHVA considerd ésta como una alternativa importante a realizar para
evitar la necesidad de transportar fuera del pais tapires nacidos en condiciones
silvestres.

Validar informacién obtenida en zooldgicos de otros paises con propdsitos de

reproduccion.

Obtener informacién que esté siendo o ha sido obtenida de tapires en su hdbitat natural

que pueda se aplicable para el cuidado del tapir en cautiverio.

Determinar fuentes de financiamiento para apoyar proyectos de investigacion y

necesidades de la crianza en cautiverio del tapir. '

Ejemplo: El Instituto Smithsonian ofrece becas de corto plazo.

Reporte de PHV A del Macho de Monte 59



IV. Reintroduccion

A. Esta meta es altamente deseada pero el grupo siente que serd necesario retrasar esta
meta hasta que se identifiquen y resuelvan las amenazas que actualmente afectan a las
poblaciones silvestres. )

B. Las reintroducciones semi-naturales podrian ser benéficas por las siguientes razones:
1. Proporcionarian oportunidades educativas.

2. Proporcionarian oportunidades para promover el eco-turismo.
3. Proporcionarian prototipos para la reintroduccién de tipos transicionales.

C. Realizar una evaluacién de riego antes de la reintroduccion.

1. Identificar enfermedades que representen riesgos tanto a las poblaciones silvestres
como a las reintroducidas.

2. Identificar enfermedades que representen riesgos a las especies domésticas en las
dreas de reintroduccion.

3. Identificar enfermedades que representen riesgos a los tapires reintroducidos,
transmitidas por especies domésticas presentes en las dreas de reintroduccion.

4. Determinar cuales son los riesgos aceptables para las poblaciones existentes y
reintroducidas.

RECOMENDACIONES

60

Lograr acceso a todas las formas de informacion educativa del tapir y traducirlas al Espafiol.
Proporcionar estos materiales a el publico local y a las bibliotecas cientificas especializadas.
Referirse a la Seccién 1.

Iniciar el disefio de una fase de informacion sobre los tapires en cautiverio y el programa de
reproduccion en cautiverio y adaptarlo tanto para las comunidades locales como para otros
niveles de audiencia.

Establecer el Comité Panamefio del Tapir quien tendra la responsabilidad de decidir como
serdn manejados los tapires bajo condiciones de cautiverio en Panam4 y que transferencias

son necesarias a realizar. Referirse a Seccién 11

Determinar prioridades para la poblacién en cautiverio. Producir un plan de manejo en
cautiverio.

Desarrollar protocolos de manejo y medicina veterinaria para poblaciones en cautiverio de
tapires en Panama.

Realizar un censo de enfermedades en tapires bajo condiciones de cautiverio y en vida
silvestre para identificar problemas de enfermedades tropicales de tapires en Panama.

Promover estudios de genética, reproduccion, comportamiento, asi como de coleccion y
preservacién de material genético. Conducir necropsias y hacer un uso mds eficiente de las
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muestras de tejido y de otros materiales de interés cientifico para instituciones y/o
investigadores.

8. Determinar fuentes de financiamiento para apoyar investigaciones y necesidades de la
reproduccién en cautiverio.

Para lograr la realizacion de estas actividades es necesario la continuidad de todas las partes
interesadas. El primer paso esencial es el establecimiento del COMITE PANAMENO DEL

TAPIR.
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POPULATION AND HABITAT VIABILITY ASSESSMENT FOR
BAIRD’S TAPIR (Tapirus bairdi)

Panama City, Panama
1-3 December 1994

Section 5
Executive Summary




EXECUTIVE SUMMARY

Baird's tapir (Tapirus bairdi) is the largest land mammal in the Neotropics. Distributed from
southern Mexico to northwest Colombia and Venezuela, the species is listed on Appendix I of
CITES and is considered Endangered according to the IUCN Red List criteria. It is estimated that
approximately 3,000 tapirs still occupy the tropical forests of Panama. There are four primary
regions that support 7. bairdi: the northern region, including the Bocas del Toro and Chiriqui
areas with approximately 1200 animals; the Azuero region, with approximately 50 animals; the
southern region, including the San Blas and Darien areas, with approximately 1500 animals; and
the Serrania de Maje region, with approximately 60 animals. These four regions are effectively
disjunct, resulting in separate populations with no exchange.

A number of serious threats influence the future viability of Baird's tapir populations in
Panama. Human-mediated habitat destruction and fragmentation continue in the country; in fact,
more than half of the geographical range of 7. bairdi has been destroyed over the last 40 years.
Poaching of tapirs by humans, for food or other purposes, can also have dramatic impacts on the
tapir populations. Tapirs are relatively easy to track and, therefore, easy to hunt. One of the first
tropical forest species to be adversely affected by human disturbances, the continuous
encroachment of civilization upon tapir habitat can have serious consequences for the future of
the species.

As a first step in developing a unified approach for protecting this species from extinction
in Panama, the Asociacién Nacional para la Conservacién de la Naturaleza (ANCON) held a
Population and Habitat Viability Assessment (PHVA) Workshop at the Rio Chagres Nature
Center, near Panama City, Panama, on 1-3 December, 1994. The Conservation Breeding
Specialist Group of the IUCN/Species Survival Commission was asked to conduct the workshop
to assist in assessment and subsequent planning. Twenty-three biologists, wildlife managers, and
non-governmental organization representatives from the United States, Panama, and Colombia
attended the three-day workshop. One purpose of the meeting was to review data from wild
populations as a basis for developing stochastic population simulation models. These models
estimate risk of extinction and rates of genetic loss from the interactions of demographic, genetic,
and environmental factors. Results from these models are then used as a tool for ongoing species
management. Other goals included review of the current state of knowledge regarding habitat
requirements, species distribution and population sizes, the role of direct threats as factors in the
decline of the species, and the role to be played by captive breeding in the long-term management
of the species.

The workshop opened with a series of presentations summarizing data on the status of
both wild and captive popualtions of Baird's tapir. A brief presentation on the PHVA process, the
principles of population biology, and the use of the VORTEX population simulation software
package was made as an introduction to the use of the models and the problems associated with
small, isolated populations. The participants then formed three working groups—population
biology and modelling, wild populations, and captive populations—to review in detail current
information, to develop input parameters for the simulation models, and to develop management
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scenarios and recommendations. Stochastic population simulation models were initialized with
ranges of values for the key variables to estimate the viability of the populaton using VORTEX.

Modelling tapir populations using VORTEX demonstrated the extreme sensitivity of
these populations to adult mortality. Removing an additional 6% of adults from the population
through poaching, above and beyond normal mortality, results in a switch from population
growth to population decline (poaching is defined here as any form of hunting of an officially
endangered species such as Baird’s tapir). This decline does not occur under higher levels of
juvenile mortality, as long as adult mortality is low. Additionally, under stressful environmental
conditions such as drought, an annual adult poaching rate as low as 3% leads to population
instability. Moreover, the risk of population extinction is greatly increased under these poaching
scenarios. Taken together, these data suggests that a 3-6% annual adult poaching rate is not
sustainable for any of the populations currently existing in Panama. As a result, tapir
management planning must investigate strategies for reducing the rate of poaching to sustainable
levels.

Considerations of wild tapir population status led to the following recommendations:

« Investigate the possibility of restoration of tapir habitat previously degraded through human
activity.

« Establish reintroduction programs in order to address the genetic problems associated with
inbreeding in small isolated populations.

« Systematically compile information regarding tapir natural history, distribution, and habitat
quality without disdain for the knowledge possessed by residents of the local communities.

 Prioritize conservation efforts in those areas deemed susceptible to fragmentation, such as
the Central Cordillera.

»  Work toward making the tapir a symbol of conservation efforts in Panama.

e Create a local Tapir Working Group in Panama, in coordination with INRENARE.

e Work with native people (Kuna Indians) in order to more rapidly evaluate the species'
status in areas these people inhabit and develop community-based educational programs to
prevent local hunting of tapirs.

« Evaluate the use of captive breeding as a wild population management tool.

A data collection sheet was constructed by the participants for use with local people as a tool to

collect important information on tapir population characteristics. With such a tool, it is hoped
that more effective conservation of tapirs and their habitat can be effected.
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There are currently less than 20 tapirs in the three recognized zoos and private facilities in
Panama. The primary goals of captive tapir management include:

» Establish educational programs acting locally, nationally, governmentally, and
internationally.

» Establish a coordinated captive breeding program in Panama.
* Develop programs for investigation and research that will benefit the tapir in Panama.
» Establish goals and guidelines for reintroduction.

It is vital to establish outreach programs for people living in areas of Panama where tapirs
exist. Such programs increase awareness and appreciation of the species. Moreover, these
programs can be effective in communicating the devastating effects of overhunting. For captive
programs to work in Panama, it will be important to make scientific information on tapirs
available, translated into Spanish, to researchers in Panama. Furthermore, regarding captive tapir
husbandry, it is critical that captive tapirs be managed as a single effective group and held at
multiple cooperating facilities. Perhaps most importantly, the participants proposed to form the
Panama Tapir Committee, which will be primarily responsible for deciding how captive tapirs
are managed in Panama and which inter-zoo transfers are to be made.

The goal of reintroduction is a highly desirable one for effective tapir management, but
the participants felt it necessary to delay this goal until current threats to wild populations are
identified and resolved. While this phase is in effect, disease surveys on captive and free-ranging
tapirs are to be conducted in order to identify disease problems in tapirs. Furthermore, research
should be conducted on genetics, reproduction, and behavior of tapirs, and husbandry and
veterinary protocols should be developed for captive animals.

Effective conservation of Baird's tapir in Panama will be a complicated issue that will
require input from biologists, governmental organizations, and local communities. Perhaps only
through concerted integration of wild and captive population management can the extinction of
Baird’s tapir be prevented.
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Panama City, Panama
1-3 December 1994

Section 6
Wild Populations




WILD POPULATION OF THE BAIRD'S TAPIR (Tapirus bairdi) IN PANAMA

Table 6.1. Distribution

SECTOR T.A"  O.A. N P.A. K
West
(Bocas de Toro and Chiriqui) 6000 2400 1200 3600 3000
Central
(P. N. Cerro Hoya) 250 100 50 150 125
East

(P. N. Chagres, San Blas and Darien) 7290 2916 1458 4374 3645

Serrania de Maje Isla de Maje 300 120 60 180 150
TOTALS 13840 5536 2768 8304 6920

'T.A. = total area (km?); O.A.= occupied area (km?); N = actual population; A.P. = potential area (km?);
K = carrying capacity

In order to estimate the values presented above, a number of assumptions were made. Eisenberg
(1989) states that under adequate habitat conditions tapirs can reach a population density of 0.8
animals per km?. However, based on our field experiences and in the data reported by Glanz
(1990) we consider that population density can be best estimated at 0.5 individuals per km?.

A total area of 13,840 km? of adequate habitat currently exists for the tapir populations.
From this total, we consider that 40% (5,536 km ?) is occupied by the species, leaving
approximately 60% as available remaining habitat. These estimates indicate that the carrying
capacity of the habitat over the entire area is 6,920 individuals. It is important to state that
approximately 45% of this area corresponds to protected areas such as national parks, forest
reserves and Indian territories such as the Kuna Yala District.

The tapir population on Barra Colorado Island has not been considered as a natural island
population, because the current population (12 individuals) was reintroduced (Smythe, 1992).
Also, this ecosystem lacks major predators as the jaguar (Panthera onca) and the mountain lion
(Felis concolor ). Also, there is a record of a tapir released in the Sherman Forest Reserve,
which was captive raised (Smythe, 1992).
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Table 6.2. Records of the Wild Population of Baird's Tapir (Tapirus bairdi ) in Panama

LOCATION TYPE OF RECORD
WESTERN SECTOR
Rio Culubre Footprints: E. Ponce, F. Arosemena

Cotito

Footprints: E. Ponce, F. Arosemena

Rio Teribe-Bonyic

Hunters/Park guards: E. Ponce, F. Arosemena

Cabecera del Rio Changuinola

Sightings, footprints/hunters, Park guards: R. Hinds, E. Ponce, F.
Arosemena

Reserva Forestal de Fortuna

Footprints: F. Arosemena

Culebra

Footprints/Park guards: J. Tovar, E. Ponce, F. Arosemena

Cerro Guabo

Footprints: E. Ponce, F. Arosemena

Bajura de Pando Footprints/Park guards and hunters

Rio Yorkin Footprints/Park guards: E. Ponce, F. Arosemena

El Respingo Footprints: B.Cuevas

Cerro Pata de Macho Footprints: B. Cuevas

CENTRAL SECTOR

Cerro Hoya A. Gonzales, communities adjacent to P.N. Cerro Hoya

Rio Varadero

Hunters/communities of Varadero and Arenas de Quebro
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Table 6.2 (contd.)

LOCATION

TYPE OF RECORD

EASTERN SECTOR

Cabecera del Rio Pequeni

Footprints/Embera Indians, community of San Juan de
Pequeni

Cuenca alta del Rio Chagres

Footprints/Park guards, J. Tovar

Rio Cascada (terrenos de MELO, S.A.)

Footprints: F. Arosemena, 1. Rosales

Sendero Interpretativo El Cantar

Footprints: F. Arosemena

Cerro Guagaral (Cerro Brewster)

Footprints: A. Telesca, F. Arosemena

Cabecera del Rio Mandinga

Footprints: A. Telesca, F. Arosemena

*Cangandi Footprints and hunted animal: J. Ventocilla

Rio Nergala Hunted animal: J. Ventocilla

Carretera El Llano Carti Footprints: J. Ventocilla

*Pucuro Skulls and jawbones: 1. Candanedo

*Paya Direct sightings (mother and son), skulls and jawbones:
R. Hinds, I. Candanedo

**Manene Skulls and jawbones: 1. Candanedo

**Altos de Rio Jaque Skulls and jawbones: I. Candanedo

**Punusa Skulls and jawbones: I. Candanedo

Cerro Pirre (ladera noreste y noroeste)

Direct sightings / Park guards

Rio Seteganti (hacia Cerro Setetule)

Direct sightings: R. Hinds

Estacion de INRENARE en Pirre

Direct sightings / Park guards

Estacion de INRENARE en Cruce de
Mono

Direct sightings / Park guards

Camino Cruce de Mono-Cana

Footprints / Park guards: J. Polanco, F. Arosemena

Serrania de Bernal

Footprints: O. Lastra

'Comarca Embera No. 2

Footprints / Indigenous community of La Chunga

Rio Tacarcuna (antiguo pueblo Kuna)

Direct sightings: R. Hinds
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Table 6.2 (contd.)

LOCATION

TYPE OF RECORD

Cerro Tacarcuna

Direct sightings: R. Hinds

Anachucuna Direct sightings: R. Hinds
Cerro Mali Footprints: R. Hinds
Altos de Nique Footprints: R. Hinds
Rio Mono Direct sightings: R. Hinds

*  Kuna Indigenous Community
** Embera Indigenous Community

The San Blas District has 42 insular communities, 8 along the coastline and 2 on the mainland.
According to our experience in every community, there is at least one house with a tapir’s
jawbone as a trophy (J. Ventocilla). A similar situation exists in the Kuna communities of Pucuro

and Paya in the Darien.

LOCATION TYPE OF RECORD
SECTOR DE MAJE
Isla Maje Plan de Manejo Isla Maje, Lab. Com. Gorgas.: R. Hinds
Cordillera de Maje Footprints / hunters: B. Lavern
Tutecito Footprints, hunted animals / Embera community de

Tutecito
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Threats

It has been determined that the main threats that affect the wild populations of tapirs in Panama
are:

» Habitat loss due to colonization in the El Guabo sector (Guaymies Indians), and to
livestock (Nueva Zelandia, Culubre, Valle Libre).

« Deforestation resulting from the Fortuna hydroelectric dam and the possible construction
of the medium-capacity projects of Bonyic and Changuinola I in the Bocas del Toro
province.

» Deforestation by locals in the Cerro Tacarcuna border and farming of coca (Eryctrocilon
coca).

» Hunting for food, aside from sport hunting (illegal hunting), mainly in the indigenous
areas of Darien, San Blas and Bocas del Toro.

« Inbreeding, especially in the Maje Island population where geographical isolation can
lead to reproductive difficulties.

e Mining: this is a potential threat, due to the possible mining development in Cerro
Colorado.

RECOMMENDATIONS

» To enforce the existing laws concerning the protection of the tapir and its habitat in
Panama.

« To promote recovery of natural habitat in areas where tapir populations have been
identified. This will allow genetic interchange between the animals and will decrease the
possibilities of the population's total fragmentation.

+ A reintroduction program needs to be established, considering genetic aspects to avoid
inbreeding problems.

 To systematically compile information regarding tapir natural history, distribution and
habitat loss without disdain for the knowledge possessed by residents of the local
communities (Indians, farmers and hunters) that may contribute to improve conservation
activities for the species.

« To consider as conservation priorities those areas susceptible to fragmentation in the
central Cordillera, especially in Bocas del Toro and Veraguas. Special attention should be

also directed towards the tapir populations in the Cerro Hoya National Park and in Maje.
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To suggest the tapir as the national symbol for conservation in Panama so it can be used
in environmental education programs.

To establish a Panama Tapir Committee.

For the specific case of the Kunas Indians territory (Kuna Yala District), we contend that
it presents conditions which are appropriate for a fast evaluation of the species’ situation.
The Kuna hunters are few in numbers and are known. The tapir jawbones are hung on the
outside of the houses as trophies and, by this technique, each Kuna hunter keeps a record
of the number of tapirs hunted. Within a relatively short period of time, it would be
possible to visit and interview those hunters primarily responsible for tapir hunting, and
to obtain reliable information regarding the natural history of the tapir, the impact of
hunting activities and information regarding the general status of the species.

To identify viable alternatives for the indigenous and farming communities that use the

tapir (Tapirus bairdi) as a protein source and/or document or improve captive breeding
programs for the species.
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Un Grupo de Trabajo sobre el Tapir en Panama (GRUTA)
(The Panama Tapir Working Group)

Arguments

L.

The tapir is a good candidate to act as a "indicator species" of the environmental
conditions in the country.

We found that the persons that live in the surrounding areas usually have information of
the natural history and of the presence or absence of this species.

Up to the present and with the exception of the Harpy eagle (scientific name), no
systematic census at the national level has been conducted for any other animal or vegetal
wild species.

It is more realistic to think that a "artesian" population diagnostic can be conducted rather
that a sophisticated scientific research of the specie.

There are a number of naturalists conducting field studies in propitious areas for the
tapirs.

Responsibilities of the PanamaTapir Working Group

A.

monw

To compile information about the status of the populations and the natural history of the
species;

To compile information about its historical presence;

To inform about living captive animals;

To publish every three months a newsletter between those who are interested;

To conduct general meeting every year.

Priority needs that should be developed

To develop data sheets collection forms.

To identify a place within a governmental or non governmental office which may act as a
center to receive, process and file information.

To start with the cooperation of 4 to 5 volunteers distributed in the three

geographical distribution areas of the tapir.
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POPULATION BIOLOGY AND MODELLING
Introduction

Baird's tapir (Tapirus bairdi) is currently listed on Appendix I of CITES. In general, the greatest
threats to the continued viability of tapir populations in the Neotropics appear to be continued
habitat destruction and excessive hunting. Much of what we know about Baird's tapir in the wild
comes from direct field observation, tracks, and from fecal and skull samples recovered from
tapir habitat. In addition, many of the biological parameters related to tapir reproduction are
taken from well-documented studies of tapirs in captivity (see Bibliography).

The need for and effects of intensive management strategies can be modelled to suggest
which practices may be the most effective in preserving this population. VORTEX, a simulation
modeling package written by Robert Lacy and Kim Hughes was used as a tool to study the
interaction of multiple variables treated stochastically.

The VORTEX program is a Monte Carlo simulation of the effects of deterministic forces
as well as demographic, environmental, and genetic stochastic events on wildlife populations.
VORTEX models population dynamics as discrete, sequential events (e.g., births, deaths,
catastrophes, etc.) that occur according to defined probabilities. The probabilities of events are
modeled as constants or as random variables that follow specified distributions. VORTEX
simulates a population by stepping through the series of events that describe the typical life cycle
of sexually reproducing, diploid organisms.

VORTEX is not intended to give absolute answers, since it is projecting stochastically the
interactions of the many parameters which enter into the model and because of the random
processes involved in nature. Interpretation of the output depends upon our knowledge of the
biology of the tapir, the conditions affecting the population, and possible changes in the future.

Input Parameters for Simulations

Age of First Reproduction: 3 years, both females and males. VORTEX defines reproduction as
birth; given a gestation period in tapirs of 13 months, females breeding at 2 years of age then
reproduce at 3 years of age.

Offspring Production: Interbirth interval was set at 2 years in wild tapirs. Therefore, 50% of adult
females do not reproduce in a given year. Of those females that do reproduce, all give birth to
only one calf. Twins have been reported in captivity, but are extremely rare, and all have been
stillborn.

Variation in reproduction is modelled in VORTEX by entering a standard deviation (SD)
for the proportion of females failing to produce offspring in a given year. Lacking empirical data,
we assumed that such variation (due to fluctuations in mate availability and variations in the age
at which females reach sexual maturity) was 25% of the mean. VORTEX then determines the
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percent breeding each year of the simulation by sampling from a binomial distribution with the
specified mean (50%) and SD (12.5%).

As no data exist indicating other than a 50:50 sex ratio at birth for Baird's tapir, we used
an equal sex ratio for all scenarios.

Age of Senescence: VORTEX assumes that animals can breed (at the normal rate) throughout
their adult life. Baird's tapirs have bred in captivity up to age 25; because of harsher
environmental conditions present in the wild, we set the maximum age of reproduction in wild
populations at 20 years.

Mortality: As a "best-case" scenario, in which tapir mortality is not affected by human influences
and other biotic factors have minimal impact, we set juvenile (age O to 1 year) mortality at 20%
and sub-adult and adult mortality at 10%. These values are similar to those from other related
taxa.

Of course, tapir mortality can be strongly influenced by human pressures such as hunting,
primarily of adults (Terwilliger 1978; Fragoso 1991). Additionally, disease and high levels of
predation by jaguars, etc. can increase mortality, primarily of juveniles. We therefore modelled
populations having 25% and 30% juvenile mortality. To model the effect of hunting on adult
mortality, we constructed scenarios simulating 3%, 6%, and 9% poaching rates. These rates,
imposed equally across sexes as well as sub-adult and adult age classes, result in total annual
adult mortality rates of 13%, 16%, and 19%, respectively. Data from populations of tapirs in
Panama suggest that these rates of poaching are not unreasonable (Terwilliger 1978).

Carrying Capacity: K defines an upper limit for the population size, above which additional
mortality is imposed in order to return the population to K. VORTEX, therefore, uses K to
impose density-dependence on survival rates.

Baird’s tapir populations in Panama fall into two general size categories: large, as in the
northeastern Panama (Bocas del Toro region) and southern Panama (San Blas and Darien
regions) populations; and small, as in the Azuero peninsula and Serrania de Majé populations.
Both large populations have an estimated tapir carrying capacity of about 3000, while the small
populations have an estimated carrying capacity of approximately 150. These estimates are based
on published tapir density estimates of 0.5 - 0.8 individuals per km?.

From these date, we generated two sets of simulation models with carrying capacities of
3000 and 150, respectively. This wide variation in carrying capacity for the two population types
can give considerable insight into the extinction dynamics operating in tapir populations in
Panama.

VORTEX can also model deterministic trends in carrying capacity. These trends are
specified as an annual percentage change, and are modelled as linear, rather than geometric,
increases or decreases. Current data show that a large proportion of tapir habitat in Panama is
threatened with significant degradation or fragmentation. To investigate the consequences of
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such a threat, we modelled deterministic reductions in carrying capacity at a rate of 2.5% per year
over the first 20 years of the simulations. This results in a 50% decrease in available tapir habitat
over that time span.

Starting Population Size: We generated two sets of simulation models using initial population
sizes corresponding to the two classes of estimated wild population sizes in Panama: N,=1200,
similar to the Bocas del Toro and San Blas/Darien populations; and Ny=60, similar to the Azuero
peninsula and Serrania de Majé populations.

Starting Age Distribution: We initialized all of the model runs with a stable age distribution that
distributes the total population among each sex-age class in accordance with the existing
mortality and reproductive schedules.

Inbreeding Depression: Specific data do not exist on the prevalence and effects of inbreeding in
wild tapir populations. However, given the small numbers of tapirs thought to inhabit the Azuero
peninsula and the Serrania de Majé regions, it may be reasonable to infer that some measurable
degree of inbreeing is occurring in these small populations. Therefore, we have included
inbreeding depression in that subset of modelling scenarios specifically dealing with these
regions.

We employed the heterosis model of inbreeding depression, in which individuals that are
heterozygous at a given genetic locus have superior fitness to those that are homozygous at that
locus. Because detrimental alleles are not removed by natural selection from the population over
time in this model, the heterosis model may provide a conservative overestimate of the
deleterious effects of inbreeding in the tapir populations modelled below.

The severity of inbreeding depression in mammalian populations can be measured as the
number of “lethal equivalents” contained in the genome of the population of interest. Data for a
number of captive mammal species suggests that these species harbor about 3 lethal equivalents
(Ralls et al. 1988). Consequently, we have modelled inbreeding depression using this median
lethal equivalent value.

Catastrophes: Catastrophes are thought of as extremes in environmental variation, and are treated
differently conceptually and operationally in VORTEX. Both the frequency of occurrence and the
impact on reproduction and survival of the catastrophic event is modelled by the program. We
included a catastrophe representing drought conditions, with a 10% probability of occurrence in a
given year (i.e., the event occurs on average every ten years) with a 50% reduction in
reproduction and a 20% reduction in survival in years in which the catastrophe occurs.

Iterations and Years of Projection:

Each scenario in which inbreeding depression was absent was iterated 500 times, while those
scenarios incorporating inbreeding depression were interated 200 times due to computational
limitations. Projections were made for 100 years into the future for all scenarios. Output results
were summarized at 10 year intervals in the time series figures. Each tabulated scenario has a
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corresponding file number for reference and future retrieval of other results, if necessary. The
simulations were run using VORTEX version 7.0.

Results from Simulation Modelling

Explanation of Tables and Figures

The numerical results of the simulation models appear in Tables 7.1 through 7.6. Each
table represents a specified set of conditions, for example, carrying capacity, inclusion of
inbreeding depression, etc. Within each table, the results are organized in a nested structure: each
level of juvenile mortality was run with each degree of adult mortality, with each of those run
with and without catastrophes.

The headings for the tables are as follows:

T deterministic growth rate, calculated by Leslie matrix methods from life table
data;

r,(SD):  mean and standard deviation of stochastic growth rate across iterations,
calculated from annual variation in population size;

P(E): probability of extinction over the 100-year time span of the simulation,
calculated as the proportion of iterated population that become extinct within
100 years;

N,y (SD): final size of those populations remaining extant after 100 years;

H,y: proportion of the original heterozygosity remaining in extant populations after
100 years;

T(E): mean time to extinction of those populations becoming extinct.

Note that computer file numbers are given for each scenario for future reference and retrieval, if
necessary.

Figures 7.1-7.18 are time series graphs of the probability of extinction and mean size of
extant populations for the 100-year duration of each scenario.

Deterministic Results

Growth rate (r,): The deterministic growth rates calculated using Leslie matrix methods are
shown for each scenario in column 5 of Tables 7.1 and 7.2. Positive values indicate population
growth, while negative values indicate population decline. A population with r, <0 is in
deterministic decline (deaths outpace births), and will go extinct even in the absence of any
stochastic fluctuations. The difference between the deterministic population growth rate and the
stochastic growth rate resulting from the simulations (r,, see below) can give an indication of the
impact of stochastic factors on population persistence.

These deterministic growth rates are calculated from the mortality and fecundity
schedules for each modelling scenario. As a result, changing the initial population size and/or the
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carrying capacity, or imposing an annual reduction in habitat carrying does not alter the growth
rates calculated for a particular mortality schedule. This is reflected in the identical set of
deterministic growth rates shown in all tables. As a result, the following discussion applies to
both large and small populations under constant or decreasing habitat carrying capacity.

Under the most optimistic scenario—low juvenile and adult mortality, no drought, and no
inbreeding depression—the population shows nearly 4% annual growth (r, = 0.038). Increasing
juvenile mortality by an additional 5% to 25% results in a reduction in deterministic population
growth by about 20% (r, = 0.030), and a further increase in mortality to 30% results in an almost
45% reduction in deterministic growth (r, = 0.022). This situation changes dramatically,
however, when adult mortality is increased under a given level of juvenile mortality. Even under
conditions of low juvenile mortality, an increase in adult mortality from 10% to 13% results in
the population growing at less than 1% per year (r, = 0.008). When adult mortality is increased
further to 16%, the population goes into a 2.2% annual decline. The effect of increasing adult
mortality to 19% becomes quite severe, with the population decreasing at over 5% annually (r, =
-0.054). The rate of decline becomes more severe as juvenile mortality is increased until, under
conditions of 30% juvenile mortality and no drought, the deterministic growth rate is -0.071.

These deterministic results provide strong evidence for the considerable sensitivity of
tapir populations in Panama to increases in adult mortality. The incremental change in r, is 0.102
per 10% increase in adult mortality, while the corresponding change for juvenile mortality is only
0.016 per 10% increase. In other words, the incremental change with respect to adult mortality is
over six times greater than that with respect to juvenile mortality.

Deterministic growth is severely affected when drought is added to the modelling
scenarios. Under conditions of low juvenile and adult mortality, the deterministic growth rate is
reduced to 0.011 from 0.038. The least optimistic scenario, with high juvenile and adult mortality
and drought, leads to a deterministic growth rate of -0.097.

Stochastic Simulation Results

The base scenario (File #301), with low juvenile and adult mortality and no drought in the large
population class (N, = 1200, K = 3000), results in nearly 4% annual growth with no risk of
extinction over the 100-year time frame (Table 7.1). In fact, the population increases rapidly from
an initial size of 1200 individuals to just below the habitat carrying capacity of 3000 in just 40
years (Figure 7.1b). The risk of extinction remains zero when juvenile mortality is increased to
25% and even 30% under low adult mortality, with final population sizes maintained near K
(2930 and 2876, respectively; Figures 7.2 and 7.3). If drought is added to these same scenarios,
the risk of extinction remains zero even under 40% juvenile mortality. However, the stochastic
population growth rate (r,) is reduced significantly and in fact becomes negative under high
juvenile mortality with a nearly 40% reduction in final population size (N,q, = 760). These
results indicate that even though catastrophic events such as drought have a relatively low
probability of occurrence, their effects can be quite severe and can lead to population instability.
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In contrast to the results obtained from increasing juvenile mortality under conditions of
low adult mortality, higher levels of adult mortality nearly always lead to population instability
(Table 7.1, Figures 7.1-7.3). Even when juvenile mortality is low, an additional 6% mortality
imposed on adults leads to population decline (r, = -0.026) and low final population sizes (N,q, =
131), with a small but measurable risk of extinction within 100 years (P(E)=0.008). The
population is severely unstable when adult mortality is increased to 19%, with a probability of
extinction of 56% and a mean extinction time of 83 years. The addition of drought to these
scenarios produces further instability, particularly under 16% adult mortality when the
probability of extinction is 0.48 and the final population size is just 19 individuals (Figure 7.4).
Under 19% adult mortality, extinction is virtually certain with a mean time to extinction of 65
years (Figure 7.4a).

As adult mortality is increased under conditions of higher juvenile mortality, the
population becomes further destabilized (Table 7.1). Under 13%, 16% or 19% adult mortality, all
stochastic growth rates are negative, with or without the addition of drought. The risk of
extinction ranges from zero, when juvenile mortality is 25% and adult mortality is 13%, to near
100% when adult mortality is 19% and juvenile mortality is 25% or 30% under drought
conditions. Under these most severe of conditions, extinction usually occurs within about 80
years on average. Population sizes are usually considerably reduced from the initial 1200
animals. Under conditions of 13% adult and 25% juvenile mortality with no drought, the
population exhibits a very slow stochastic decline (r, = -0.002) and a final population size of
1171 animals (File #306). However, under more severe conditions, final population size is just a
very small number of individuals (i.e., Files #308, 312, and 324).

The results from those simulations incorporating a 2.5% annual deterministic reduction in
habitat carrying capacity for the large population class are shown in Table 7.2. Overall, the
results are very similar to those simulations lacking such a trend in K: r,, P(E), and T(E) differ
from the corresponding values in Table 7.1 by a few percent. In general, the impact of the
reduction in K is greatest under conditions of drought and/or higher adult mortality. In other
words, a situation in which occupied habitat is gradually eroded away acts to exacerbate the
problems of demographic and environmental stochasticities faced by the population As expected,
the final population sizes are modulated by the reduced carrying capacity, but only in those
scenarios showing positive growth. In those scenarios showing population decline, final
population sizes are essentially equivalent to those in the scenarios shown in Table 7.1.

Table 7.3 and Figures 7.7-7.9 present the results from the scenarios modelling the small
population size class. While the general population size trends for the small population scenarios
are qualitatively very similar to the larger population size models (Figures 7.7b-7.9b) due to the
similarity in stochastic growth rates, the smaller populations are under considerably greater risk
of extinction under intermediate and high levels of adult mortality. For example, with 20%
juvenile mortality and 16% adult mortality with no drought (File #351), the probability of
extinction is nearly 73%. In contrast, the larger population, under the same set of conditions (File
#303, Table 7.1), has a probability of extinction of less than 1%. Of course, both populations are
in deterministic (and stochastic) decline, so the long-term fate of both simulated populations is
identical. These results, however, show the immediate threats faced by the smaller tapir
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populations in Panama. Indeed, this is made clearer by the observation that under severe
mortality conditions, mean time to population extinction ranges from just 30 years when drought
occurs to approximately 50 years. Extinction risk becomes very high as juvenile mortality is
increased (Figures 7.11 and 7.12).

Carrying capacity reductions in the small population scenarios lead to results similar to
those for the larger populations (Table 7.4). Perhaps most noteworthy is the additional reduction
in population heterozygosity observed under these conditions (compare column 9 in Tables 7.3
and 7.4). This consequence of persistent small population size and accompanying inbreeding can
lead to reduced survival as well as long-term adaptive potential as populations attempt to track
environmental change.

The inclusion of inbreeding depression in the small population scenarios contributes to an
increased extinction risk in all but the lowest adult mortality scenarios (Tables 7.5 and 7.6,
Figures 7.13-7.18). A good illustration of this effect can be seen in the scenario with 20%
juvenile and 13% adult mortality in the absence of drought (File #350). Without the deleterious
effects of inbreeding, the population grows at approximately 0.3% per year (r, = 0.003) with a
final population size of 90 and a 4% risk of extinction in 100 years (Table 7.3, Figure 7.7). If
inbreeding is included in the model, the stochastic growth rate of the population becomes
negative (r,=-0.016), the final population size drops to 43 animals, and the risk of extinction
rises to 31.5% (Table 7.5, Figure 7.13). Figures 7.7b and 7.13b graphically illustrate this effect
(see the line with the square symbols). While the simulated population without inbreeding
depression shows consistent growth throughout the time period (Figure 7.7b), the inbred
population shows growth at about the same rate only for the first 20 years of the simulation, after
which increased mortality of juveniles through inbreeding generates an almost linear decline in
population size for the duration of the time period (Figure 7.13b).

Under inbreeding, inclusion of drought results in all populations experiencing stochastic
decline, even those with low mortality (Figures 7.16-7.18). Under perhaps the most pessimistic
of scenarios, in which small, inbred tapir populations occupy shrinking habitat subject to drought
conditions, the risk of extinction is nearly 35% even under the most optimistic mortality
conditions (Table 7.6, File #433). If carrying capacity remains constant, the risk is still
considerable (P(E) = 0.315: Table 7.5, File #409). These result demonstrate that, while we lack
specific data on the effect of inbreeding in wild tapir populations, the consequences of such a
process cannot be ignored when considering the viability of small, fragmented populations.

Conclusions

VORTEX simulation modelling of Baird's tapir populations in Panama suggests that the primary
demographic factor influencing population viability is adult mortality. Assuming a baseline adult
mortality of 10%, an additional 6% mortality results in population decline and a generally
substantial risk of extinction within 100 years. If adult mortality is further increased to 25%,
population extinction is virtually assured within about 80 years.
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The considerable sensitivity of tapir populations to adult mortality as modelled here is
graphically represented in Figure 7.19. Each bar in the graph gives the probability of extinction
averaged over all scenarios with a given parameter value. For example, the mean probability of
population extinction for all scenarios in which juvenile mortality was 20% (N = 48) is 0.504
(the left-most bar in the figure). The figure shows that increased juvenile mortality and the
inclusion of drought and inbreeding depression did in fact lead to increased extinction risk.
However, the primary determinant of extinction risk is clearly shown to be adult mortality over
all other factors.

As discussed earlier, the increased adult mortality was employed to simulate poaching of
adults by local peoples. More specifically, these levels of mortality simulated 3%, 6% and 9%
poaching rates. Given that the "best-case", non-poaching scenario resulted in a 4% population
growth rate, a 6% rate of poaching of adult tapirs does not appear to be sustainable. Stated
another way, poaching about 60 tapirs from a population of 1000, under the conditions simulated
herein, can drive a population to extinction, even under low or modest levels of juvenile
mortality. If drought conditions similar to those modelled in this report are operating on wild
tapir populations in Panama, even a 3% poaching rate leads to a deterministic decline in the
population growth rate even when juvenile mortality is low. Taken together, these modelling
results lead to the conclusion that poaching of adult tapirs—even at low levels—can have
severe consequences for the persistence of these populations.

Development of a coherent tapir management plan will likely involve choices between

alternative strategies. Given this prospect, it is clear that a vital component of wild tapir
management should focus on reducing rates of poaching down to sustainable levels.
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Sample VORTEX Input File

TAPIR425.0UT

***Qutput Filename***

Y ***Graphing Files?***

N ***Each Iteration?***

Y ***Screen display of graphs?***

200 o ***Simulations***

100 ***Years***

10 ***Reporting Interval**>*

1 ***populationg***

Y ***Tnbreeding Depression?***

H

3.140000

N ***EY correlation?***

1 ***Types Of Catastrophes***

P ***Monogamous, Polygynous, or Hermaphroditic***
3 ***Female Breeding Age***

3 ***Male Breeding Age***

20 ***Maximum Age***

0.500000 ***Sex Ratio***

1 ***Maximum Litter Size***

N ***Density Dependent Breeding?***
50.000000 ***Population 1: Percent Litter Size Q0***
50.000000 ***pPopulation 1: Percent Litter Size 1***
12.500000 ***Ey--Reproduction***
25.000000 ***Female Mortality At Age 0***
7.500000 **x*EV--FemaleMortality***
10.000000 ***Female Mortality At Age 1***
3.000000 ***EV--FemaleMortality***
10.000000 ***Female Mortality At Age 2*%**
3.000000 ***EyV--FemaleMortality***
10.000000 ***Adult Female Mortality***
3.000000 ***EyV--AdultFemaleMortality***
25.000000 ***Male Mortality At Age 0***
7.500000 ***EyV--MaleMortality***
10.000000 ***Mgle Mortality At Age 1***
3.000000 ***EV--MaleMortality***
10.000000 ***Male Mortality At Age 2***
3.000000 **x*EV--MaleMortality***
10.000000 ***Adult Male Mortality***
3.000000 ***xEyV--AdultMaleMortality***
20.000000 ***pProbability Of Catastrophe 1***
1.000000 ***Seyverity--Reproduction***
1.000000 ***Geyerity--Survival***

Y ***A]] Males Breeders?***

Y ***Start At Stable Age Distribution?***
60 ***Tnjtial Population Size***

150 ***K***

0.000000 FRKEV--K***

Y ***Trend In K?***

20

-2.500000

N ***Harvest?***

N ***Supplement?***

Y ***AnotherSimulation?***
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Sample VORTEX Output File
VORTEX -- simulation of genetic and demographic stochasticity
TAPIR425.0UT
Thu Apr 13 10:17:28 1995
1 population(s) simulated for 100 years, 200 iterations

HETEROSIS model of inbreeding depression
with 3.14000 lethal equivalents per diploid genome

First age of reproduction for females: 3 for males: 3

Age of senescence (death): 20

Sex ratio at birth (proportion males): 0.50000
Population 1:

Polygynous mating; all adult males in the breeding pool.

Reproduction is assumed to be density independent.

50.00 (EV = 12.50 SD) percent of adult females produce litters of size 0
50.00 percent of adult females produce litters of size 1

25.00 (EV = 7.50 SD) percent mortality of females between ages 0 and 1
10.00 (EV = 3.00 SD) percent mortality of females between ages 1 and 2
10.00 (EV = 3.00 SD) percent mortality of females between ages 2 and 3
10.00 (EV = 3.00 SD) percent annual mortality of adult females
(3<=age<=20)
25.00 (EV = 7.50 SD) percent mortality of males between ages 0 and 1
10.00 (EV = 3.00 SD) percent mortality of males between ages 1 and 2
10.00 (EV = 3.00 SD) percent mortality of males between ages 2 and 3
10.00 (EV = 3.00 SD) percent annual mortality of adult males
(3<=age<=20)

EVs may have been adjusted to closest values
possible for binomial distribution.
EV in mortality will be correlated among age-sex classes
but independent from EV in reproduction.

Frequency of type 1 catastrophes: 10.000 percent
with 1.000 multiplicative effect on reproduction
and 1.000 multiplicative effect on survival

Initial size of Population 1:
(set to reflect stable age distribution)
Agel 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 Total
4 4 3 2 3 2 2 1 2 1 1 1 1 0 1 0 1 0 1 O 30 Males
4 4 3 2 3 2 2 1 2 1 1 1 1 0 1 0 1 0 1 o 30 Females

Carrying capacity = 150 (EV = 0.00 SD)
with a 2.500 percent decrease for 20 years.
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Deterministic population growth rate (based on females, with assumptions of
no limitation of mates, no density dependence,

depression) :
r = 0.030 lambda = 1.031 RO =
Generation time for: females = 8.49 males
Stable age distribution: Age class females
0 0.079
1 0.057
2 0.050
3 0.044
4 0.038
5 0.033
6 0.029
7 0.025
8 0.022
9 0.019
10 0.017
11 0.015
12 0.013
13 0.011
14 0.010
15 0.009
16 0.008
17 0.007
18 0.006
19 0.005
20 0.004
Ratio of adult (>= 3) males to adult (>= 3) fema
Population 1
Year 10
N[Extinct] = 0, P[E] = 0.000
N[Surviving] = 200, P[S] = 1.000
Population size = 81.37 ( 1.34
Expected heterozygosity = 0.978 ( 0.000
Observed heterozygosity = 0.996 ( 0.000
Number of extant alleles = 65.64 ( 0.63
Year 20
N[Extinct] = 0, P[E] = 0.000
N[Surviving] = 200, P[S] = 1.000
Population size = 73.59 ( 0.69
Expected heterozygosity = 0.965 ( 0.000
Observed heterozygosity = 0.986 ( 0.001
Number of extant alleles = 44 .14 ( 0.46

and no inbreeding

1.291
= 8.49

males
.079
.057
.050
.044
.038
.033
.029
.025
.022
.019
.017
.015
.013
.011
.010
.009
.008
.007
.006
.005
.004

[cNoNeoNoNoNoNeoNoNoNoloNoNoNolNolNoNeNololNolNo]

les: 1.

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,
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18.98
0.003
0.007

8.92

9.80
0.007
0.015

6.46

SD)
SD)
SD)
SD)
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Year

Year

Year

Year

Year

Year

Year

92

30

N[Extinct] = 0, PIE]
N[Surviving] = 200, PI[S]
Population size =
Expected heterozygosity
Observed heterozygosity
Number of extant alleles =

40
N[Extinct] = 0, P[E]
N[Surviving] = 200, P[S]

Population size =

Expected heterozygosity =
Observed heterozygosity =
Number of extant alleles =

50
N[Extinct] = 0, PI[E]
N[Surviving] = 200, PI[S]

Population size =
Expected heterozygosity =
Observed heterozygosity =
Number of extant alleles =

60
N[Extinct] = 0, P[E]
N[Surviving] = 200, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =

70
N[Extinct] = 0, P[E]
N[Surviving] = 200, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =

Il

80
N[Extinct] = 0, P[E]
N[Surviving] = 200, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =

90
N[Extinct] = 1, P[E]
N[Surviving] = 199, P[S]

Population size =

Expected heterozygosity
Observed heterozygosity
Number of extant alleles =
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0.000
1.000
68.61
0.950
0.974
32.42

0.000
1.000
67.83
0.935
0.961
25.67

0.000
1.000
66.74
0.919
0.947
21.12

0.000
1.000
64.09
0.906
0.930
17.90

0.000
1.000
61.96
0.890
0.917
15.55

0.000
1.000
60.32
0.873
0.904
13.76

0.005
0.995
57.73
0.858
0.887
12.21

—~ o~~~ —~ o~~~ —_~ e~~~ —~ o~~~ o~~~ —~

—_~ o~~~

0.001
0.001
0.31

0.67
0.001
0.002

0.25

0.78
0.001
0.002

0.22

0.93
0.002
0.003

0.21

1.03
0.002
0.003

0.20

1.14
0.003
0.004

0.20

1.19
0.003
0.004

0.19

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

SE,
SE,
SE,
SE,

8.80
0.010
0.020

4.43

9.48
0.015
0.025

3.54

11.00
0.020
0.033

3.13

13.09
0.022
0.039

2.97

14 .54
0.027
0.047
2.81

16.11
0.038
0.050

2.78

16.85
0.047
0.054

2.73

SD)
SD)
SD)
SD)



Year 100

N[Extinct] = 3, P[E] = 0.015
N[Surviving] = 197, P[S] = 0.985
Population size = 55.06 1.28 SE, 17.99 sSD
Expected heterozygosity = 0.839 0.004 SE, 0.059 sD

(
(
Observed heterozygosity 0.873 ( 0.005 SE, 0.068 SD
Number of extant alleles = 10.93 ( 0.19 SE, 2.62 SD

In 200 simulations of Population 1 for 100 years:
3 went extinct and 197 survived.

This gives a probability of extinction of 0.0150 (0.0086 SE),
or a probability of success of 0.9850 (0.0086 SE).

3 simulations went extinct at least once.
Of those going extinct,
mean time to first extinction was 94.67 years (3.18 SE, 5.51 SD).

No recolonizations.

Mean final population for successful cases was 55.06 (1.28 SE, 17.99 SD)

Age 1 2 Adults Total
3.23 2.68 21.16 27.07 Males
3.32 3.17 21.50 27.99 Females

Without harvest/supplementation, prior to carrying capacity truncation,
mean growth rate (r) was 0.0134 (0.0006 SE, 0.0781 SD)

Final expected heterozygosity was 0.8394 ( 0.0042 sg, 0.0593 sSD)
Final observed heterozygosity was 0.8732 ( 0.0049 SE, 0.0681 SD)
Final number of alleles was 10.93 ( 0.19 SE, 2.62 SD)

IR R R RS EEEE S SEE S SRR R R SRS EEEREEEREEREEEEEEEEEEEEEEEREEREEEEEEEEEEEEEEEEEE]
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Table 7.1. Baird’s tapir population analysis: initial population size = 1200, K = 3000.

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy r, (SD) P(E) N,(SD) _Hm_i
301 20 - 10 None .038 .037 (.054) | 0.0 2955 (94) 0996 | —
313 Drought 011 .008 (.104) | 0.0 1923 (820) | 0991 | —
302 13 None .008 .006 (.064) | 0.0 2080 (713) | 0.992
314 Drought -018 | -.024 (.116) | 0.014 | 208 (256) 0941 | 93
303 16 None -022 | -.026(.081) | 0.008 | 131 (124) 0943 [ 90
315 Drought -.049 | -.059(.151) | 0.480 | 19 (21) 0.753 | 82
304 19 None -.054 | -.062(.136) | 0.556 | 12 (10) 0.696 | 83
316 Drought -.081 | -.096(.184) | 0.970 | 6 (5) 0434 | 65
305 25 10 None .030 .029 (.055) | 0.0 2930 (121) | 0.995 | —
317 Drought .004 .000 (.104) | 0.0 1359 (868) | 0.990 | —
306 13 None .000 | -.002 (.066) | 0.0 1171 (687) | 0.988 | —
318 Drought -.026 | -.032(.119) | 0.038 | 99 (138) 0.906 | 86
307 16 None -030 | -.035(.091) | 0.038 | 58 (52) 0.897 | 91
319 Drought -.057 | -.068 (.161) | 0.728 | 15 (14) 0713 | 80
308 19 None -062 | -.073(.148) | 0.796 | 10 (9) 0.633 | 80
320 Drought -.089 | -.105(.187) | 0.996 | 8 (5) 0512 | 61
309 30 10 None .022 .021 (.057) | 0.0 2876 (184) | 0.995 | —
321 Drought -005 | -.008 (.105) | 0.0 760 (654) 0979 | —
310 13 None -.008 | -.011(.069) | 0.0 510 (362) 0981 | —
322 Drought -034 | -.043(.131) | 0.170 | 47 (56) 0.854 | 87
311 16 None -.039 | -.044(.103) | 0.136 | 31 (32) 0.841 | 89
323 Drought -.065 | -.078(.169) | 0.834 | 9(6) 0.653 [ 75
312 19 None -071 | -.083(.157) | 0.916 | 8(7) 0537 | 73
324 Drought -.097 | -113(.190) | 0.998 | 5(0) 0.480 | 57
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Table 7.2. Baird’s tapir population analysis: initial population size = 1200, K = 3000, 2.5% annual
reduction in K over the first 20 years of the simulation (50% total reduction in K).

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy 1, (SD) P(E) N,(SD) Héﬁ
325 20 10 None .038 .036 (.055) | 0.0 1478 (42) 0992 [ —
337 Drought .011 .008 (.105) | 0.0 1036 (382) | 0.988 | —
326 13 None .008 .006 (.064) | 0.0 1218 (267) | 0.990 | —
338 Drought -018 | -.024 (.116) | 0.020 | 191 (214) 0938 | 93
327 16 None -.022 | -.026(.082) | 0.006 | 132 (125) 0940 | 89
339 Drought -.049 | -.059(.153) | 0.494 | 19 (21) 0.767 | 82
328 19 None -.054 | -.065(.138) | 0.636 | 13 (10) 0.723 | 83
340 Drought -.081 -.095(.181) | 0972 | 7 (4) 0.526 | 66
329 25 10 None .030 .029 (.056) | 0.0 1463 (68) 0992 | —
341 Drought .004 .000 (.105) | 0.0 863 (435) 0986 | —
330 13 None .000 | -.002 (.066) | 0.0 882 (345) 0988 | —
342 Drought -026 | -.032(.120) | 0.050 | 96 (112) 0914 | 89
331 16 None -030 | -.035(.090) | 0.044 | 60 (58) 0.900 | 93
343 Drought -.057 | -.069 (.162) | 0.702 | 12 (14) 0.69 | 79
332 19 None -062 | -.073(.149) | 0.814 | 10(7) 0.645 | 80
344 Drought -089 | -.105(.187) | 0.992 |4 (1) 0458 | 61
333 30 10 None 022 .020 (.058) | 0.0 1431 (100) | 0992 | —
345 Drought -005 | -.008 (.105) | 0.002 | 571 (395) 0.979 | 100
334 13 None -.008 | -.010(.069) | 0.0 488 (269) 0981 | —
346 Drought -.034 | -.042(.128) | 0.138 | 48 (59) 0.862 | 87
335 16 None -039 | -.046 (.106) | 0.182 | 29 (28) 0.830 | 91
347 Drought -065 | -.079(.170) | 0.862 | 10 (6) 0.647 | 75
336 19 None -.071 -.084 (.156) | 0.950 | 8 (5) 0.617 | 74
348 Drought -097 | -113(.191) | 0.998 | 3 (0) 0.611 | 57
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Table 7.3. Baird’s tapir population analysis: initial population size = 60, K = 150.

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy 1, (SD) P(E) N;0o(SD) _Iinm_&
349 20 10 None .038 .036 (.066) | 0.0 145 (9) 0910 | —
361 Drought 011 .003 (.126) | 0.090 | 85 (45) 0.812 | 67
350 13 None .008 .003 (.091) | 0.040 | 90 (44) 0.822 | 70
362 Drought -018 | -.033(.169) | 0.646 | 26 (25) 0.618 | 64
351 16 None -.022 | -.038(.156) | 0.726 | 17 (15) 0583 | 64
363 Drought -.049 | -.067(203) | 0.966 | 8 (4) 0435 | 47
352 19 None -054 | -.073(.193) | 0990 | 7(4) 0519 | 45
364 Drought -081 | -.103(.225) | 1.0 - — 30
353 25 10 None .030 .027 (.069) | 0.0 142 (12) 0908 | —
365 Drought .004 | -.005(.133) | 0.174 | 67 (45) 0.781 | 69
354 13 None .000 | -.007 (.105) | 0.148 | 62 (42) 0772 | 72
366 Drought -026 | -.040(.175) | 0.762 | 17 (16) 0.609 | 61
355 16 None -030 | -.045(.162) | 0.818 | 15(13) 0537 | 60
367 Drought -.057 | -.076(204) | 0.990 | 10(7) 0.496 | 44
356 19 None -062 | -.083(.199) | 0.996 | 7(6) 0452 | 40
368 Drought -089 | -114(233) | 1.0 — — 30
357 30 10 None .022 .019 (.072) | 0.006 | 134 (24) 0.895 | 68
369 Drought -005 | -.015(.141) | 0.282 | 45 (40) 0.738 | 68
358 13 None -.008 | -.017(122) | 0.322 | 38 (31) 0.716 | 73
370 Drought -034 | -.050(.185) | 0.870 | 12 (10) 0.559 | 57
359 16 None -.039 | -.055(.174) | 0916 | 11(8) 0483 | 54
371 Drought -065 | -.083(.210) | 0.996 | 7 (3) 0572 | 40
360 19 None -071 | -.093(207) | 0.998 | 4(0) 0375 | 37
372 Drought -097 | -123(.233) | 1.0 — — 28

96 Baird’s Tapir PHV A Report



Table 7.4. Baird’s tapir population analysis: initial population size = 60, K = 150, 2.5% annual reduction
in K over the first 20 years of the simulation (50% total reduction in K).

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy 1, (SD) P(E) N,(SD) _Hm_&
373 20 10 None .038 .034 (.075) | 0.0 71 (6) 0853 | —
385 Drought 011 .003 (.131) | 0.106 | 47 (22) 0.767 | 69
374 13 None .008 .001 (.099) { 0.070 | 47 (21) 0.780 | 72
386 Drought -018 | -.033(.170) | 0.646 | 20 (16) 0.615 | 65
375 16 None -022 | -.035(.154) | 0.694 | 16 (14) 0.539 | 66
387 Drought -.049 | -.068(202) | 0.972 | 8(5) 0.397 | 46
376 19 None -.054 *| -.075(.196) | 0.990 | 7(5) 0358 | 44
388 Drought -.081 -102 (.227) | 1.0 — — 33
377 25 10 None .030 .025 (.077) | 0.002 | 69 (9) 0.846 | 41
389 Drought .004 | -.007 (.139) | 0.232 | 38 (22) 0.736 | 71
378 13 None .000 | -.007 (.108) | 0.176 | 40 (20) 0744 | 72
390 Drought -026 | -.043(.179) | 0.796 | 15 (11) 0.533 | 61
379 16 None -.030 | -.047(.167) | 0.868 | 12 (11) 0.508 [ 60
391 Drought -057 | -.081(211) | 0.994 | 6(3) 0432 | 41
380 19 None -.062 | -.083(.199) | 0.996 | 2(0) 0313 | 40
392 Drought -.089 | -.112(228) | 0.998 | 8 (0) 0219 | 30
381 30 10 None .022 .017 (.080) | 0.008 | 65 (14) 0.837 | 80
393 Drought -005 | -.016(.147) ] 0.350 | 29 (21) 0.694 | 72
382 13 None -008 | -.017(122) | 0.312 | 28 (18) 0.680 | 69
394 Drought -.034 | -.049(.183) | 0.868 | 13 (10) 0.567 | 56
383 16 None -.039 | -.056(.172) | 0.932 | 10(9) 0462 | 55
395 Drought -.065 | -.085(.208) | 0.996 | 13 (16) 0239 | 39
384 19 None -.071 -091(.201) | 1.0 — — 33
396 Drought -097 | -123(231) | 1.0 — — 28
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Table 7.5. Baird’s tapir population analysis: initial population size = 60, K = 150; inbreeding depression
(heterosis, 3.14 lethal equivalents).

Mortality (%)

File # | Juvenile | Adult | Catastrophe Iy 1, (SD) P(E) N,(SD) _Iim_ﬁ
397 20 10 None .038 .027 (.066) | 0.0 140 (13) 0910 | —
409 Drought 011 | -.012(.132) | 0.280 | 51 (41) 0.800 | 73
398 13 None .008 | -.016 (.109) [ 0.315 | 43 (33) 0.800 | 78
410 | Drought -018 | -.053(.178) | 0.930 | 9(8) 0.683 | 60
399 16 None -022 | -.055(.167) | 0.965 | 10(5) 0584 | 61
411 Drought -.049 | -.082(.203) | 1.0 — — 42
400 19 None -.054 | -.087(.196) | 1.0 — — 40
412 Drought -.081 -118(229) | 1.0 — — 30
401 25 10 None .030 .017 (.071) | 0.005 | 125 (32) 0.898 | 71
413 Drought .004 | -.020(.140) | 0.405 | 38 (34) 0778 | 75
402 13 None 000 | -.024(.123) | 0.475 | 28 (26) 0738 | 79
414 Drought -.026 | -.057 (.185) | 0.960 | 11 (8) 0.669 | 56
403 16 None -030 | -.065(.176) | 1.0 — — 53
415 Drought -.057 | -.089(203) | 1.0 — — 38
404 19 None -062 | -.097(.199) | 1.0 — — 35
416 Drought -089 | -.121(234) | 1.0 — — 29
405 30 10 None 022 .008 (.075) | 0.025 | 101 (40) 0.879 | 84
417 Drought -005 | -.032(.151) | 0.630 | 25 (30) 0735 | 74
406 13 None -.008 | -.037(.141) | 0.755 | 17 (15) 0.682 | 71
418 Drought -.034 | -.066(.188) | 0.980 | 5(3) 0.554 | 50
407 16 None -039 | -.073(.180) | 1.0 — — 47
419 Drought -065 | -.097(213) | 1.0 — — 35
408 19 None -071 | -.104(.200) | 1.0 — — 33
420 Drought -.097 -.128 (.1228) | 1.0 — — 27
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Table 7.6. Baird’s tapir population analysis: initial population size = 60, K = 150, 2.5% annual reduction
in K over the first 20 years of the simulation (50% total reduction in K); inbreeding depression (heterosis,
3.14 lethal equivalents).

Mortality (%)

File # | Juvenile | Adult | Catastrophe Ty 1, (SD) P(E) N,0(SD) _H;m_ﬁ
421 20 10 None .038 .023 (.075) | 0.0 64 (13) 0852 | —
433 Drought 011 | -013(.139) | 0.345 | 27 (19) 0743 | 76
422 13 None .008 | -.019(.118) | 0.380 | 22 (16) 0.729 | 78
434 Drought -.018 | -.051(.180) | 0.935 | 9 (6) 0.567 | 61
423 16 None -.022 | -.054 (.165) 1 0.965 [ 5(3) 0.490 | 59
435 Drought -.049 | -.078(.203) | 0.995 | 5(0) 0.780 | 43
424 19 None -.054 | -.083(.190) | 1.0 — — 40
436 Drought -081 | -115(.233) | 1.0 — — 31
425 25 10 None .030 .013 (.078) | 0.015 | 55 (18) 0.839 | 95
437 Drought .004 | -.025(.148) | 0.545 | 19 (15) 0715 | 77
426 13 None .000 | -.026(.128) | 0.515 | 16 (12) 0.682 | 78
438 Drought -.026 | -.055(.180) | 0.965 | 7(3) 0.675 | 59
427 16 None -030 | -.063(.170) | 1.0 — — 53
439 Drought -057 | -.090(.209) | 1.0 — — 38
428 19 None -062 | -.095(202) | 1.0 — — 36
440 Drought -089 | -.121(224) | 1.0 — — 29
429 30 10 None .022 .003 (.087) | 0.070 | 45 (21) 0.819 | 87
441 Drought -.005 | -.033(.154) | 0.680 | 15 (15) 0.645 | 71
430 13 None -.008 | -.037(.141) | 0.745 | 11 (11) 0.639 | 72
442 Drought -034 | -.063(.184) | 0.960 | 6(3) 0.629 | 50
431 16 None -039 | -.071(178) | 1.0 — — 48
443 Drought -065 | -.094(212) | 1.0 — — 36
432 19 None -071 | -.101(202) | 1.0 — — 34
444 Drought -097 | -130(232) | 1.0 — — 27
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Figure Legends

Figure 7.1. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20%. Initial population size is 1200 and the carrying
capacity is 3000. The four curves in each plot correspond to the four levels of adult mortality
modelled in the simulations: 10%, 13%, 16%, and 19%. These symbols remain constant
throughout the figures.

Figure 7.2. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25%. Initial population size is 1200 and the carrying
capacity is 3000.

Figure 7.3. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30%. Initial population size is 1200 and the carrying
capacity is 3000.

Figure 7.4. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20% and the addition of drought. Initial population size is
1200 and the carrying capacity is 3000.

Figure 7.5. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25% and the addition of drought. Initial population size is
1200 and the carrying capacity is 3000.

Figure 7.6. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30% and the addition of drought. Initial population size is
1200 and the carrying capacity 1s 3000.

Figure 7.7. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20%. Initial population size is 60 and the carrying capacity
is 150.

Figure 7.8. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25%. Initial population size is 60 and the carrying capacity
is 150.

Figure 7.9. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30%. Initial population size is 60 and the carrying capacity
is 150.

Figure 7.10. Probability of extinction (a) and population size (b) for simulated Baird’s tapir

populations with juvenile mortality = 20% and the addition of drought. Initial population size is
60 and the carrying capacity is 150.
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Figure 7.11. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25% and the addition of drought. Initial population size is
60 and the carrying capacity is 150.

Figure 7.12. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30% and the addition of drought. Initial population size is
60 and the carrying capacity is 150.

Figure 7.13. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20%. Initial population size is 60 and the carrying capacity
is 150, with inbreeding depression added to the simulations.

Figure 7.14. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25%. Initial population size is 60 and the carrying capacity
is 150, with inbreeding depression added to the simulations.

Figure 7.15. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30%. Initial population size is 60 and the carrying capacity
is 150, with inbreeding depression added to the simulations.

Figure 7.16. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 20% and the addition of drought. Initial population size is
60 and the carrying capacity is 150, with inbreeding depression added to the simulations.

Figure 7.17. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 25% and the addition of drought. Initial population size is
60 and the carrying capacity is 150, with inbreeding depression added to the simulations.

Figure 7.18. Probability of extinction (a) and population size (b) for simulated Baird’s tapir
populations with juvenile mortality = 30% and the addition of drought. Initial population size is
60 and the carrying capacity is 150, with inbreeding depression added to the simulations.

Figure 7.19. Effect of varying different population parameters on probability of extinction in

simulated Baird’s tapir populations. Each bar in the graph gives the probability of extinction
averaged over all scenarios with the given parameter value.
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Figure 19.
Sensitivity Analysis:
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POPULATION AND HABITAT VIABILITY ASSESSMENT
FOR BAIRD'S TAPIR (Tapirus bairdi)

Panama City, Panama
1-3 de Diciembre de 1994

Section 8
Captive Populations




BAIRD’S TAPIR CAPTIVE POPULATIONS
Primary Goals of Captive Tapir Management

L Establish educational programs acting locally, nationally, governmentally, and
internationally.

I Establish a coordinated captive breeding program in Panama

II. Develop programs for investigation and research that will benefit the tapir in Panama.

v Establish goals for reintroduction

I.  Education
A. Local

1. Initially, expenses will need to be kept to a minimum.

2. Develop educational programs for tapirs on display in Panama (currently at El
Nispero and Summit Gardens).

3. Develop "outreach" programs for people living in areas where tapirs exist. Increase
awareness and appreciation of the species there. Communicate the devastating
effects to the tapir population of overhunting. Examples of "outreach" programs:

a. Develop radio programs to reach people surrounding tapir habitat.

b. Provide educational materials to NGO, government personnel, foreign
researchers, and volunteers from international organizations who can make these
materials available to peoples in these areas.

c. Similar processes need to be developed for other volunteers working in tapir
habitats.

d. The Panama Tapir Committee will be responsible to keep these workers
informed so that they will be good ambassadors for the tapir.

B. National
1. Develop a newsletter that summarizes the activities of tapirs in Panama, both wild
and captive.

a. The Panama Tapir Committee should address how this newsletter would be
created, written, and distributed.

b. The Committee should followup on the offer from the Smithsonian to provide
office supplies and meeting facilities for activities for the newsletter and
Committee.

2. Anticipate the need for educating the Panamanian public as to the need for selective
exchange of tapirs to other countries for the purpose of genetic exchanges. Be
prepared to develop programs to educate the general public as well as key officials.

3. See Local Education for other applicable ideas.
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C. Governmental

1.

Identify all the governmental agencies that need to be informed and updated.
Examples follow:

Direccion Nacional de Sanidad Animal, Ministerio de Desanollo Agropecuario.
Dept de Salud Publica, Ministerio de Salud.

Laboratorio Conmemorativo Gorgas, Ministerio de Salud.

INRENARE, Department of Forestry, Department of Parks.

Facultad de Agronomia, Depto. Zootecnia, Universidad de Panama.

. Fuerza Publica

Identify other institutions/organizations that need to be kept informed. Examples
follow:

a. Smithsonian Tropical Research Institute

b. Division Veterinaria, Comando Sur, US Army

Make available to key governmental agencies and officials the Spanish Executive
Summary of this PHVA and the Tapir CAMP.

mo a0 o

D. International
Communicate with tour operators, local hotels, and others of the tourist industry.

Provide materials that show how tapirs are endangered and important animals, and are
our national "flagship" species. Make accessible to eco-tourists and "normal” tourists so
they can see these animals on exhibit or in semi-natural settings.

E. Establish training programs for wildlife veterinarians and wildlife managers in order to
develop our in-country expertise.

1.

Identify research projects that can be performed by Panamanian biologists and
candidate veterinarians using and benefiting captive tapirs (e.g. nutrition, disease
surveys, and reproduction).

Organize visitations to other countries and institutions with expertise in tapir
medicine and husbandry for advanced training.

Make scientific information on tapirs available in Panama and translate into
Spanish. Produce Spanish versions of husbandry articles, the Bibliography for
Tapiridae, CAMP, and PHVA. Suggested locations for maintaining this information
include:

a. Biblioteca del Laboratorio Conmemorativo Gorgas FAX: 225-4366.

b. Biblioteca del Instituto Smithsonian de Investigaciones Tropicales, Unit 0948,
APO AA 34002-0948.

Biblioteca Universidad de Panama.

Centro de Documentacion INRENARE, Paraiso, Area Revertidas.

Centro de Informacion ANCON, Calle Alberto Navarro, El Cangrejo.

Centro de Informacién sobre el Medio Ambiente (CIMA)

Biblioteca, Parque Natural Metropolitano

@ mo Ao
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IL.

Captive Breeding: Husbandry
A. Current captive tapirs in Panama:

Summit Gardens (2 males, 3 females)

Sex Name Birth Date LD. Number
Male Macho 1986 11A055
Male Premier 29 Jun 92 1C121D
Female Bell Bell 1986 13A6DA
Female Juanita ' 1988 2413B8
Female Chiquita Sep 90 1DB98E

Current pairings: Macho with Bell Bell; Premier with Chiquita
Veterinarian: Anabel de Julio, telephone 32-4854
Caretaker:

El Nispero. El Valle

Sex Name Birth Date L D. Number
Male Noriega 1982 14699F
Male Galen 1991 11F5F8
Male San Diego May 90 240219
Female Monica 1983 1C0CO08
Current pairing: Galen (11F5F8) with Monica Oct 1994

Owners: Pablo Caballero, telephone 507-93-6142 or 23-8720

Caretaker:

Villa Griselda, El Valle

Sex Name Birth Date L D. Number
Male 1990 4DI9F69
Female Oct 92 1E9969D

Current pairing: Male (“Shakespeare”) born to this pair 8 June 1995.

Owner: Jaime Padilla Beliz FAX 507-269-6954

Caretaker: Andres

B. Captive tapirs should be managed as a single group and held at multiple
cooperating facilities.

C. Establish the Panama Tapir Committee which will have the responsibility to decide

how captive tapirs are managed in Panama and what transfers are to be made.

1. Led by a representative from INRENARE.

2. Core members will include representatives from each of the institutions holding
tapirs (currently Villa Griselda, El Nispero, Summit Gardens).

3. Additional members representing the following organizations could be invited to
participate in the Committee:
Asociacion de Medicos Veterinarios de Panama
Smithsonian Tropical Research Institute
Colegio de Biologos de Panama
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4,
5.

ANCON

Universidad de Panama

Sociedad Protectora de Animales

The exact structure of the committee will be determined by the core members.
We suggest that the major decisions of this group be endorsed by the head of
INRENARE and the mayor's office.

D. Determine priorities for the captive population.

1.

2.

Develop a collection management plan for the combined group of captive tapirs in

Panama.

Evaluate the facility and husbandry needs of each holding institution.

a. Determine existing carrying capacity of each facility.

b. Identify the need to build additional enclosures, anticipating births and the
receipt of additional orphans from the wild.

Evaluate exchange of captive-born tapirs to improve genetics of tapirs in other

captive collections out of the country. The timing and feasibility of this is dependent

on the success of reproduction of the captive tapirs in Panama. The group

recommends that the Panama Tapir Committee consults and maintains

communication with the AZA Tapir TAG coordinator in the USA and the

TUCN/SSC Tapir Specialist Group.

E. Develop husbandry and veterinary medical protocols for captive Panamanian tapirs.
Examples include:

1.

Animal identification and records

transponder numbers

birth and death dates

accession and deaccession dates

body weights recorded periodically

breeding records

medical procedure records

veterinary treatment records

develop regional studbook in Panama (SPARKS computer program available
through ISIS)

Transportation/transfer procedures between institutions, check international
guidelines.

a. Suggested guidelines for tapir transport.

Facility design/husbandry standards

enclosure size

pool design

substrate and drainage

fencing materials and design

shelter and shade

feeding pad

S0 e a0 o
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4. Preventive medicine procedures
a. quarantine
b. individual animal identification
c. vaccinations
d. parasite control
5. Necropsy protocols
a. determine how to proceed if a tapir dies (ie who will perform the necropsy,
where will it be done).
b. Tapir TAG necropsy protocol included in this Section.
c. disposition of skull and carcass
6. Establish sources for diagnostic support
a. microbiology
b. parasitology
c. gross and histopathology
Anesthesia techniques
Diet specifications and procurement of feeds
a. List of diet items to feed
b. Quantities of each item to feed per tapir
c. Develop reliable sources for procurement of feeds

% N

III. Investigation / Research

A.

@O

Perform disease surveys on captive and free-ranging tapirs for identification of

tropical/Panamanian disease problems in tapirs.

1. Identify potential research projects for students, veterinary candidates, etc.
a. Example: serologic and parasitological surveys of diseases potentially affecting

tapirs. Use the horse as an example for diseases potentially affecting tapirs.

2. Make captive tapir populations and local veterinary facilities and laboratories
available for advanced research training.

Perform research to improve captive husbandry of tapirs (Mantenimiento)

1. Nutrition and diet in the tropics.

2. Breeding and maternal behavioral observations by qualified biologists.

Evaluate the use of cryopreservation and assisted reproduction techniques to facilitate

the international exchange of genetic material.

1. The PHVA group considered this as an important alternative to pursue to obviate
the need to transporting wild-caught tapirs out of the country.

Validate information already collected in foreign zoos for reproduction purposes.

Obtain information that is or has been collected on tapirs in their natural habitat that

could apply to tapir care in captivity.

Determine sources of funds to support tapir-related research and captive breeding

needs.

Example: Smithsonian offers short-term fellowships.
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IV. Reintroduction
A. This goal is highly desirable but the group feels that it will be necessary to delay this
goal until the current threats to the populations in the wild are identified and resolved.
B. Semi-natural reintroductions could be beneficial for the following reasons:
1. Provide educational opportunities.
2. Provide opportunities to encourage eco-tourism.
3. Provide prototype for transition-type reintroduction.
C. Perform a risk assessment prior to reintroduction
1. Identify diseases which are threats to both wild and introduced populations
2. Identify diseases which are threats to domestic animals in the areas of
reintroductions.
3. Identify diseases which are threats to the reintroduced tapirs from domestic animals
which are present in the areas of reintroduction.
4. Determine what are acceptable risks to existing and introduced populations

RECOMMENDATIONS:

1. Gain access to all forms of educational information on tapirs and translate into Spanish.
Provide these materials to the local public and specialized scientific libraries. See section L

2. Start the design of an information phase regarding tapirs in captivity and breeding program
and adapt it for local communities as well as for other levels of audience.

3. Establish the Panama Tapir Committee which will have the responsibility to decide how
captive tapirs are managed in Panama and what transfers are to be made. See Section II.

4. Determine priorities for the captive population. Produce a captive management plan.
5. Develop husbandry and veterinary medical protocols for captive Panamanian tapirs.

6. Perform disease surveys on captive and free-ranging tapirs to identify tropical/Panamanian
disease problems in tapirs.

7. Promote research on genetics, reproduction, behavior, as well as the collection and
preservation of genetic material. Carry out autopsies and make more efficient use of tissue
samples and other materials of scientific interest to institutions and/or researchers.

8. Determine sources of funds to support tapir-related research and captive breeding needs.

Followup by all parties crucial in order for these activities to reach fruition. The first essential
step is to set up the PANAMA TAPIR COMMITTEE.

120 Baird’s Tapir PHV A Report



POPULATION AND HABITAT VIABILITY ASSESSMENT
FOR BAIRD'S TAPIR (Tapirus bairdi)

Panama City, Panama
1-3 de Diciembre de 1994

Section 9
Referencias
References




REFERENCIAS
REFERENCES

Eisenberg, J.F. 1989. Mammals of the Neotropics. Volume 1: The Northern Neotropics -
Panama, Colombia, Venezuela, Guyana, Suriname, and French Guiana. The University of
Chicago Press, Chicago, lllinois, USA.

Fragoso, J.M.V. 1991. The effect of hunting on tapirs in Belize. Pages 154-173 in: J.G. Robinson
and K.H. Redford (eds.). Neotropical Wildlife Use and Conservation. The University of Chicago
Press, Chicago, lllinois, USA.

Glanz, W.E. 1991. Mammalian densities at protected versus hunted sites in central Panama.
Pages 163-173 in: J.G. Robinson and K.H. Redford (eds.). Neotropical Wildlife Use and
Conservation. The University of Chicago Press, Chicago, Illinois, USA.

Ralls, K., J.D. Ballou, and A.R. Templeton. 1988. Estimates of lethal equivalents and the cost of
inbreeding in mammals. Conservation Biology 2:185-193.

Terwilliger, V.J. 1978. Natural history of Baird’s tapir on Barro Colorado Island, Panama Canal
Zone. Biotropica 10(3): 211-220.

Baird’s Tapir PHV A Report 123



124 Baird’s Tapir PHV A Report



EVALUACION DE VIABILIDAD DE POBLACION Y HABITAT
DEL MACHO DE MONTE (Tapirus bairdi)

POPULATION AND HABITAT VIABILITY ASSESSMENT
FOR BAIRD'S TAPIR (Tapirus bairdi)

Panama City, Panama
1-3 de Diciembre de 1994

Section 10
Lista de Participantes
List of Participants




LISTA DE PARTICIPANTES - LIST OF PARTICIPANTS

Eduardo Alvarez-Cordero

Harpy Eagle Conservation Program
Box 15251

Gainesville FL 32604 USA
Tel/Fax: 1 (904) 378-5318

Fernando A. Arosemena

Asociacién Nacional para la Conservacion
de la Naturaleza - ANCON

Apartado 1387

Panamad 1, Rep. de Panamé

Tel: (507) 64-8100

Fax: (507) 64-2445

Rick Barongi

Walt Disney World Co.
1401 Flower Street
Glendale CA 91221
Tel: 1 (818) 544-7409
Fax: 1 (818) 544-6540

Carlos Mauricio Caballero
Finca El Nispero

Apartado 6-5789, El Dorado
Panamd, Rep. De Panamé
Tel: (507) 93-6142

Indra Candanedo

INRENARE

Apartado 2016

Paraiso, Corrgimiento de Ancén
Panamd, Rep. de Panama

Tel: (507) 32-4325

Fax: (507) 32-4083

Claudio Carasio

Instituto Smithsonian de Panama
Isla de Barro Colorado

Apartado 2072

Balboa, Rep. de Panamé

Tel: (507) 52-2124

Fax: (507) 32-5978

Kruskaya Diaz de Melgarejo
INRENARE

Apartado 2016

Parafso, Corrgimiento de Ancén
Panam4, Rep. de Panama

Tel: (507) 32-4325

Fax: (507) 32-4083

Susie Ellis

TUCN / SSC/ CBSG

12101 Johnny Cake Ridge Road
Apple Valley MN 55124 USA
Tel: 1 (612) 431-9325

Fax: 1 (612) 432-2757

Augusto C. Gonzélez V.

Asociacién Nacional para la Conservacién
de la Naturaleza - ANCON

Apartado 1387

Panama 1, Rep. de Panam4

Tel: (507) 64-8100

Fax: (507) 64-2445

Lewis Greene

Prospect Park Wildlife Center
450 Flatbush Avenue
Brooklyn, NY 11225 USA
Tel: 1 (718) 399-7310

Fax: 1 (718) 399-7337

Dra. Anabell M. Herrera C.
Parque Municipal y Jardin Botdnico Summit
Apartado 503

Panama 1, Rep. De Panama

Rudolf Hinds

Asociacién Nacional para la Conservacion
de la Naturaleza - ANCON

Apartado 1387

Panama 1, Rep. de Panamd

Tel: (507) 64-8100

Fax: (507) 64-2445

Baird’s Tapir PHV A Report 127



Don Janssen

Zoological Society of San Diego
P.O. Box 551

San Diego CA 92112 USA

Tel: 1 (619) 557-3933

Fax: 1 (619) 230-1256

Belkys Jiménez

Sociedad Audubon de Panamé
Apartado 2026

Balboa, Rep. de Panamé
Tel/Fax: (507) 24-4740

César Mérquez Reyes
AA. 094766

Bogota 8, Colombia
Tel: 345-0070

Fax: 681-3491

Phil Miller
IUCN/SSC/CBSG

12101 Johnny Cake Ridge Road
Apple Valley MN 55124 USA
Tel: 1 (612) 431-9325

Fax: 1 (612) 432-2757

Ernesto Ponce C.

Asociacion Nacional para la Conservacién
de la Naturaleza - ANCON

Apartado 1387

Panamd 1, Rep. de Panamé

Tel:/Fax: (507) 74-1365

Virginia Rios

Asociacion Nacional para la Conservacién
de la Naturaleza - ANCON

Apartado 1387

Panamad 1, Rep. de Panamé

Tel: (507) 64-8100

Fax: (507) 64-2445

128 Baird’s Tapir PHV A Report

Julieta Samudio*
Wildlife Conservation Society
N.W. 13th Street, Suite A-2
Gainesville FL 32609 USA
Fax: 1 (904) 375-2449
* Additional address:
Apartado 2062, Zona 9-A
Carrasquilla, Panamé
Rep. de Panamé
Tel: (507) 24-9716

Rogelio Samudio
Apartado 11178
Panama4 6, Rep. de Panama

Ulie Seal

IUCN/SSC/CBSG

12101 Johnny Cake Ridge Road
Apple Valley MN 55124 USA
Tel: 1 (612) 431-9325

Fax: 1 (612) 432-2757

Jorge Tovar O.

Asociacion Nacional para la Conservacion
de la Naturaleza - ANCON

Apartado 1387

Panamai 1, Rep. de Panama

Tel: (507) 63-7438

Fax: (507) 64-2445

Jorge Ventocilla

Oficina de Educacion y Conservacion
Instituto Smithsonian de Panama
Apartado 2072

Balboa, Rep. de Panama

Tel: (507) 27-6022

Fax: (507) 32-5978



EVALUACION DE VIABILIDAD DE POBLACION Y HABITAT
DEL MACHO DE MONTE (Tapirus bairdi)

POPULATION AND HABITAT VIABILITY ASSESSMENT
FOR BAIRD'S TAPIR (Tapirus bairdi)

Panama City, Panama
1-3 de Diciembre de 1994

Section 11
Apéndice
Appendix




Bibliography for Tapiridae

10.

Abdulali, H. 1952. The "dipping" habit of the tapir. J. Bombay Nat.Hist.Soc. (50):932-933.
biology.

Agenbroad, L. D., and W. R. Downs. A robust tapir from northern Arizona. Journal
Arizona-Nevada Academy of Science 19 (2): 91-99.

Alexander, 1. D. 1978. Actinomyces infection in a tapir (Tapirus terrestris). Journal of Zoo
Animal Medicine 9 (4): 124-126.

Actinomyces species were found in purulent exudate drawn from a sublingual abscess in an
adult, male, Brazilian tapir. The course of this disease progressed through stages showing
some similarities to Actinomyces infection in the domestic bovine.
actinomyces/gastrointestinal/bacterial disease.

Alho, D. J. R., and T. E. Lacher. 1991. Mammalian Conservation in the Pantanal of Brazil.
Latin American Mammalogy: History, Biodiversity, and Conservation. eds. M. A. Mare,
and D. J. Schmidly, 280-294. Norman, Oklahoma and London: University of Oklahoma
Press.

biology/conservation/natural history.

Alvarez del Toro, M. 1966. A note on the breeding of Baird's tapir at Tuxtla Gutierrez Zoo.
Int.Zoo Yearbook (6): 196-197.
reproduction/husbandry.

Ameghino, F. 1911. L'avant-premier dentition dans le tapir. Anales Museo Nacional de
Buenos Aires 13: 1-30.
anatomy/taxonomy.

---. 1909. Una nueva especie de tapir (Tapirus spegazzinii). Anales Museo Nacional de
Buenos Aires 20: 31-38.
taxonomy.

Anon. 1979. Anta arrives. Brookfield bison June/July: 8.
management.

Anon. 1980. Captive rearing records of tapirs at Howletts and Port Lympne. Int.Zoo.News
27(2-3): 45-46.
husbandry.

---. 1980. Cats and tapirs at Howletts and Port Lympne. International Zoo News 27

(2-3):45-46.
management/husbandry.

Baird’s Tapir PHV A Report 131



11.

12.

13.

14.

15.

16.

17.

18.

132

---. 1971. Results of a survey of captive tapirs taken by the Tapir Research Institute
between July 1970 and March 1971. Tapir Research Institute, California

1-22.

management/husbandry.

---. 1968. Zum erstenmal Woltapire in einem europaischen Zoo in Frankfurt [With the first
wooly tapir in a European zoo in Frankfurt]. Das Tier 6 (8): 32.
husbandry/conservation/behavior.

Anthony, G. 1987. The tapir:Study of gaits,investigation of tapirs in captivity, pathological
approach. Ph.D. diss., The Faculty of Medicine of Nantes,France.
biology/anatomy.

Anthony, R. 1920. La poche gutturale du tapir. Bull Soc.Sc.Vet.de Lyon 1-15.
anatomy/respiratory.

Ashraf, N. V. K. 1992. Conservation of some wildlife species. Animal Production and
Rural Development. Proceedings of the Sixth AAAP Animal Science Congress., 205-218.
This review considers the conservation of 3 groups of wildlife species in Asia:(1) species
used in animal production ,which include ancestors of domesticated bovids (e.g. Asiatic
wild buffalo), wild populations of farmed ungulates (e.g. Himalayan musk deer) and civets
(e.g. large spotted civet and Malabar civet);(2) species whose potential for animal
production has been recognised, but are not exploited, including relatives of white cattle (
kouprey and gaur), buffaloes ( tamaraw and anoa) and pigs ( pygmy hog);(3) species whose
potential has not yet been recognised, including rare lagomorphs ( Lispid hare, Sumatran
rabbit and Anami rabbit), tahr and Malayan tapir.

conservation/biology.

Ayres, J. M., and C. Ayres. 1979. Aspects of hunting in the upper Aripuana river. Acta
Amazonica 9 (2): 287-298.
biology.

Ayres, J. M., D. de Magalhaes Liva, E. de Souza Martins, and J. L. K. Barreiros. 1991. On
the track of the road:: changes in subsistence hunting in a Brazilian Amazonian village.
Neotropical Wildlife Use and Conservation. eds J. G. Robinson, and K. H. Redford,
449-490. Chicago: University of Chicago Press.

conservation/natural history.

Bach, F., H. Mayer, and D. Poley. 1986. Colic in a Malayan tapir due to ingestion of sand.

Praktische Tierarzt 67 (6): 508-509.
colic/gastrointestinal.

Baird’s Tapir PHV A Report



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Baker, A. B. 1920. Breeding of the Brazilian tapir. Journal of Mammalogy 1: 143-144.

Bamberg, E., E. Mostl, M. Patzl, and G. J. King. 1991. Pregnancy diagnosis by enzyme
immunoassay of estrogens in faeces from nondomestic species. J Zoo Wildl Med 22 (1):
73-77.

reproduction/endocrinology.

Banerjee, S., and M. Ghosh. 1981. Prehistoric fauna of Kausambi, near Allahbad,
U.P.,India. Record Zool. Surv. India 78 (1-4): 113-119.
biology/taxonomy.

Banziger, H. 1987. Description of new moths which settle on man and animals in S.E.
Asia. Revue Suisse de Zoologie 94 (4): 671-681.
biology.

---. 1988. The heaviest tear drinkers: ecology and systematics of new and unusual
notodontid moths. Natural History Bulletin of the Siam Society 36 (1): 17-53.
biology.

---. 1975. Skin-piercing blood-sucking moths I; ecological and ethological studies on Calpe
eustrigata (Lepid., Noctuidae). Acta Tropica 32 (2): 125-144.
biology/parasitology.

---. 1979. Skin-piercing blood-sucking moths II: Studies on a further 3 adult Calyptra
[Calpe] sp. (Lepid., Noctuidae). Acta Tropica 36 (1): 23-37.
biology/parasitology. '

Barongi, R. A. 1993. Husbandry and conservation of tapirs (Tapirus sp.) International Zoo
Yearbook 32: 7-15.

Detailed description of tapir husbandry and conservation.
husbandry/conservation/management.

Barongi, R. 1992. Panama's Macho de Monte. ZooNooz LXV (8): 6-11.

Describes the plight of a group of captive Baird's tapirs formerly the possession of General
Manuel Noriega of Panama, and the efforts to provide for them in the aftermath of the
Panamanian invasion in 1989.

husbandry/veterinry medicine/biology/natural history.

---. Tapir TAG 1992 Annual Report. AAZPA Annual Report on Conservation and Science
1991-92. editors R. J. Wiese, M. Hutchins, K. Willis, and S. Becker. American Association
of Zoological Parks and Aquariums, Bethesda, MD USA.

122-123.

---. 1986. Tapirs in captivity and their management at Miami Metrozoo. A.A.Z.P.A.Annual
Proceedings, Minneapolis, 69-108.

Baird’s Tapir PHV A Report 133



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

134

management/husbandry.

Barquez, R. M., M. A. Mares, and R. A. Ojeda. 1991. Mammals of Tucuman/Mamiferos de
Tucuman. 282. University of Oklahoma, Norman.

bilingual text. Illustrated by Norberto Giannini. llustratations and Maps.

biology/natural history.

Baruch, T., M. Leff, and M. Smith. June 1973. Dissection of Muscles of Tapirus
Description of a dissection of a T. terrestris x T. bardii cross from LA Zoo. Line drawings
and descriptions of the musculature.

anatomy/musculoskeletal.

Baumann, R., G. Mazur, and G. Braunitzer. 1984. Oxygen binding properties of
hemoglobin from the white rhinoceros. Respir. Physiol. 56 (1): 1-9.
hematology/respiratory.

Baumgartner, R. 1992. Haltung und todesfalle von tapiren (Tapirus terrestris und Tapirus
indicus) im zoologischen garten zurich unter besonderer berucksichtigung der
tuberkulose[Death of tapirs (7. terrestris and T. indicus) in the Zurich Zoological Garden
under special consideration from tuberculosis]. Eker Zootiere 34: 29-33.
tuberculosis/bacterial disease.

Beddard, F. E. 1889. Notes upon the anatomy of the American tapir (Tapirus terrestris).
Proceedings of the Zoological Society of London 252-258.
anatomy.

Blampied, N. L. Q., and A. F. Alchurch. 1977. lllness in male Brazilian tapir - Veterinary
Report. Jersey Wildlife Preservation Trust Annual Report 14: 91-96.
veterinary medicine.

---. 1976. Postmortem on male Brazilian tapir - Veterinary Report. Jersey Wildlife
Preservation Trust Annual Report 13: 108-112.
veterinary medicine/pathology.

---. 1976. Removal of placental from Brazilian tapir - Veterinary Report. Jersey Wildlife
Preservation Trust Annual Report 13: 108-112.
veterinary medicine/reproduction.

---. 1975. Suspected ragwort poisoning in Brazilian tapir - Veterinary Report. Jersey
Wildlife Preservation Trust Annual Report 12: 94-96.
veterinary medicine/toxicity.

---. 1973. Treatment after recapture of female Brazilian tapir - Veterinary Report. Jersey
Wildlife Preservation Trust Annual Report 10: 51-56.

veterinary medicine.

Baird’s Tapir PHV A Report



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Blampied, N., and A. F. Allchurch. 1978. Post mortem on male Brazilian tapir - Veterinary
Report. Dodo 15: 102-106.
veterinary medicine/pathology.

Blampied, N. L. Q., and T. B. Begg. 1970. Suspected Ragwort poisoning in tapirs (Tapirus
terrestris) - Veterinary Report. Jersey Wildlife Preservation Trust Annual Report 7: 55-56.
veterinary medicine/toxicity.

Blouch, R. A. 1984. Current status of the Sumatran rhino and other large mammals in
Southern Sumatra. IUCN/WWF Report 4: Project 3033 Field Report. IUCN/WWEF
Conservation for Development Programme, Bogor, Indonesia.

biology/natural history.

Bodmer, R. E. 1990. Fruit patch size and frugivory in the lowland tapir (Tapirus terrestris).
J. Zool. 222 (1): 121-128.
nutrition/biology.

---. 1991. Influence of digestive morphology on resource partitioning in Amazonian
ungulates. Oecologia 85 (3): 361-365.
nutrition/gastrointestinal/biology.

---. 1990. Responses of ungulates to seasonal inundations in the Amazon floodplain. J.
Trop. Ecol. 6 (2): 191-201.
biology.

---. 1991. Strategies of seed dispersal and seed predation in Amazonian ungulates.
Biotropica 23 (3): 255-261.
biology/nutrition.

---. 1988. Ungulate management and conservation in the Peruvian Amazon. Biological
Conservation 45 (4): 303-310.
management/conservation/Peru/distribution.

---. 1989. Ungulate biomass in relation to feeding strategy within Amazonian forests.
Oecologia 81 (4): 547-550.
nutrition/biology.

Bodmer, R. E., N. Y. Bendayan Acosta, L. Moya Ibanez, and T. G. Fang. 1990. Manego de
ungulados en la amazonia peruana: analisi de su caza y comercializacion. Bol Lima 12 (70):
49-56.

biology.

Baird’s Tapir PHV A Report 135



50.

51.

52.

53.

54.

55.

56.

57.

136

Bodmer, R. E., T. G. Fang, I. L. Moya, and R. Gill. 1994. Managing wildlife to consreve
Amazonian forests: population biology and economic considerations of game hunting.
Biological Conservation 67 (1): 29-35.

In studies on game hunting in the lowland Amazonian forests of the Reserva Comunal
Tamshiyaco-Tahuayo in NE Peru, costs were calculated of converting an over-hunted forest
(especially primates and tapir) to a more sustainably used one. A management model was
developed that considers population biology of game with economic cost/benefit analysis,
and income distribution from game hunting. Costs of implementing a more sustainable
hunt would incur a 26% reduction in economic benefits for hunters and reduce extraction of
mammalian biomass by 35%.

biology/conservation/management.

Borst, G. H. A., C. Vroege, F. G. Poelma, P. Zwart, and W. J. Strik. 1972. Pathological
findings on animals in the Royal Zoological Gardens of the Rotterdam Zoo during the
years 1963,1964,and 1965. Acta Zoologica et Pathologica Antverpiensia. 56: 3-20.
veterinary medicine, general.

Bressou, C. Le pied des taprirides. Mammalia 14: 140-144.
anatomy.

Brogan, A. E., P. W. Parmalee, and R. R. Polhemus. 1980. A review of fossil tapir records
from Tennessee with descriptions of specimens from two new localities. J. Tenn.Acad.Sci.
55 (1): 10-14.

biology/taxonomy.

Brown, J. L., S. B. Citino, M. F. Nelso, and C. L. Miller. 1992. Characterization of
endocrine patterns during the estrous cycle and pregnancy in Baird's tapirs. Biology of
Reproduction 46 (1): 176.

endocrinology/reproduction.

Burton, M. 1956. Tapirs. Zoo Life (spring):
biology.

Buschelberger, P. 1987. Mitteilung zur Lebenserwartung und fortpflanzung von Tapirus
terrestris [Information on life expectancy and reproduction in T. terrestris]. Zool Gart 57
(5-6): 371-372.

reproduction/husbandry/biology.

Busk, F., and E. Anthony. Bring 'Em Back Alive. 7-17. New York: Garden City Publishing
Company.

This is a very interesting antecdote about Frank Bucks experience being attacked by a
Malayan tapir that he was trying to medicate. )
behavior/husbandry/management.
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58. Caddick, G. B. Central American tapir breeding project: Belize Zoo. AAZPA Regional
Conf. Proc., 267-271. 1988.
Tapirus bairdii.
husbandry/management/reproduction.

59. Cadieux, C. L. 1991. Wildlife Extinction. Washington, D.C.: Stone Wall Press.
259 p. Illus. Text and photographs by author. Drawings by Bob Hines. Tapirus bairdii.
conservation/biology.

60. Caine, N. G.,. W. P.J. 1989. Responses by red-bellied tamarins (Sanguinus labiatus) to

fecal scents of predatory and non-predatory neotropical mammals. Biotropica 21 (2):
186-189.
biology.

61. Campbell, B. 1936. The comparative myology of the forelimb of the hippopotomus, pig,
and tapir. American Journal of Anatomy 59: 201-247.
anatomy/musculoskeletal.

62. ---.1945. The hindfoot musculature of some basic ungulates. Journal of Mammology 26:
421-424.
anatomy//musculoskeletal.

63.Chevalier, H. J., K. H. Bohm, and J. Seeger. 1969. Human tuberculosis in the tapir.
Kleintier-Praxis 14 (8): 213-215.
tuberculosis/mycobacterium tuberculosis/bacterial disease.

64. Couto, C. D. P. 1980. Fossil mammals of the Pleistocene of Jacupiranga State of Sao-Paulo
Brazil. Anais da Academia Brasilerira de Ciencias 52 (1): 135-142.
taxonomy/biology.

65. Cranbrook, E. O. 1988. The contribution of archaeology to the zoogeographer of Borneo,
with the first record of a wild canid of early Holocene age.
taxonomy/biology.

66. Crandall, L. 1964. Family Tapiridae. Management of Wild Animals in Captivity. 499-504.
management.

67. ---.1951. The mountain tapir in the Bronx Zoo. Animal Kingdom. 1 (54): 2-8.
management.

68. Crotty, M. J. 1977. The year of the tapir. Zoo View 12 (1): 10.
husbandry.

69. Crotty, M. J., and S. Bonney. 1979. Breeding the mountain tapir at Los Angeles Zoo.
Int.Zoo Yearbook (19): 184-187.

Baird’s Tapir PHV A Report 137



70.

71.

72.

73.

74.

75.

76.

7.

138

management.

Cuocolo, R. 1942. Reacao fibrosa da parede do estomago de Tapirus americanus provacada
por Physocephalus nitidulans. Arquivos do Instituto Biologico Sao Paulo 13: 271-282.
parasitology.

Czelusniak, J., M. Goodman, B. F. Koop, D. A. Tagle, J. Shosani, G. Braunitzer, T. K.
Kleinschmidt, W. W. de Jong, and G. Matsuda. 1990. Perspectives from amino acid and
nucleotide sequendes on cladistic relationships among higher taxa of eutheria. Current
Mammology (Plenum Press) 2: 545-572.

taxonomy.

DaCunha, M., and J. Muniz. 1925. Contribution to the knowledge of ciliata parasitic in
Mammalia of Brazil. Sciencia Medica 3: 740-747.
parasitology.

---. 1928. Nouveau cilie parasite caecum du Tapirus americanus. Decription d'un nouveau
genre. Comptes Rendus des Seances. Societe de Biologie (Paris) 98: 631-632.
parasitology.

Dalquest, W. W., and R. M. Carpenter. 1988. Early pleistocene mammals from the
Seymour formation, Knox and Baylor Counties, Texas, exclusive of camelidae. Texas Tech
University.

Occasional Papers No. 124. 28 p.

taxonomy.

Danek, J., V. Routa, B. Sevcik, and J. Caslavka. 1985. Ivermectin treatment for mange and
helminthoses in ruminants and South American tapirs. Biologizace a Chemizace Zivocisne
Vyroby-Veterinaria 21 (2): 183-192.

The efficacy of Ivomec against sarcoptic mange in cattle and goats, psoroptic mange in
sheep and Haematopinus eurysternus infestation in cattle was confirmed. The preparation
Eqvalan was used for sarcoptic mange among South American tapirs (Tapirus terrestris) in
a zoo. It is stated that both preparations were also effective against gastrointestinal
helminths, but no details are given.

Ivermectin/parasitology.

D'Aulaire, E. a. P. O. 1979. Is this the creature time forgot. International Wildlife 9 (1):
28-32.
biology.

de la Tour, G. D. 1972. Confusion in zoology based on faulty translations.
Saeugetierkundliche Mitteilungen 20 (4): 373-374.
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79.

80.

81.

82.

83.

84.

85.

86.

de Vos, A. 1991. Wildlife utilization on marginal langs in developing countries. Wildlife
production: conservation and sustainable development. eds. A. Renecker, and R. J.
Hudson, 8-10. Fairbands, Alaska: Alaska University, Agricultural and Forestry Experiment
Station.

biology/conservation/management.

DeMagalhaes, A. C. 1938. Anta, Tapir. Boletim Biologico 3: 175-178.

Dennler de la Tour, G. 1971. Ursprung der namen tapir und anta beitrag zur etymologie
sudamerikanischen tiernamen[Origin of the tapir name and its contribution to the
etymology of South American animal names]. Saugetierkundliche Mitt. 20 (1-2): 144-146.
natural history.

Deuve, J. 1961. Note sur la famille Tapiridae au Laos. Bull.Soc.Sci.Nat.Laos 1 (4): 47-48.
biology.

Dillehay, D. L., T. R. Boosinger, and S. MacKenzie. 1985. Coccidioidomycosis in a tapir.
Journal of the American Veterinary Medical Association 187 (11): 1233-1234.

A case in a 25-yr-old,wild caught male tapir (Tapirus terrestris) from Ecuador was shipped
to the Birmingham Zoo when approximately five years old. The animal had a three-day
history of lethargy, dyspnoea and anorexia. Weight loss was observed over a 3-week
period. Despite intensive therapy, the tapir died. Necropsy was performed and on the basis
of histological and morphological examination disseminated coccidioidomycosis was
determined to be the cause of death. The liver contained pyogranulomas with numerous
foreign body-type cells which contained spherules. The diagnosis was confirmed by
positive staining of deparaffinized and trypsinized sections, using fluorescence-conguated
anti-globulins specific for the tissue form of Coccidioides immitis. The course of the
disease was similar to that reported in horses and cattle. Lung lesions were not seen. It is
concluded that the tapir probably became infected in Ecuador,where it was captured
approx. 20 yr.earlier. Coccidioidomycosis is indigenous in Ecuador.
coccidioidomycosis/respiratory/fungal disease.

Dittrech, L. 1969. Zwillinge beim Flachlandtapir [Twins from lowland tapirs]. Saugetierk
Mitt. 17: 59.
reproduction/biology.

Divakaran, N. N. ,. al. 1985. Tuberculosis in a tapir. Indian Vet J. 62 (12): 1086-1087.
tuberculosis/bacterial disease.

Donat, K. 1981. M. cucullaris (branchiogenic muscles of shoulder) of American tapir
(Tapirus terrestris L.1758). Anat.Hist. Embryol. 10 (2): 125-129.
anatomy/musculoskeletal.

Donat, K., and Y. Ucar. 1979. The Mm.auriculares of the Tapirus terrestris L. 1766.
Anatomia Histologia Embryologia 8 (3): 284-286.
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88.

89.

90.

91.

92.

93.

94.

95.

96.
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anatomy/musculoskeletal.

Dunn, F., and J. Adams. 1963. Recent records for the tapir in Templer Park. Malay.Nat.J.
(17): 59.
biology.

Earle, C. 1889. Some points in the comparative osteology of the tapir. Science 21: 118.
musculoskeletal/anatomy.

Eisenberg, J. F. 1989. Mammals of the Neotropic. Volume 1: The Northern Neotropics -
Panama, Colombia, Venezuela, Guyana, Suriname, French Guiana. Chacago: University
of Chicago Press.

449 p. & 21 pls. maps, illus; Nlustrated by Fiona reid. Maps by Sigrid James Bonner.
biology/conservation/natural history.

Eisenberg, J. F., C. P. Groves, and K. MacKinnon. 1990. Tapirs. Grizmek's Animal Life
Encyclopedia. editor S. P. Parker, 598-608. New York, London: McGraw Hill.
biology/natural history.

Emmons, L. H. 1990. Neotropical Rainforest Mammals: A Field Guide. Chicago:
University of Chicago Press.

281 p. Nlustrations. Maps. Illustrated by Francois Feer.
biology/conservation/natural history.

Enders, R. K. 1935. Mammalian life histories from Barro Colorado Island, Panama.
Bulletin of the Museum of Comparative Zoology (Harvard) 78 (4): 385-502.
natural history/biology.

Ensley, P. K., F. H. Gerber, and J. E. Meier. 1980. Acute gastrointestinal distress in a
ten-day-old Baird's tapir (Tapirus bairdi). Journal of Zoo Animal Medicine 11 (4): 113-117.
A three-day old, male, hand-reared Baird's tapir was found vomiting, weak and exhibiting
signs of abdominal distress. Salmonella poona was isolated from the rectal culture. A fecal
culture 30 days later tested positive for Salmonella poona.
gastrointestinal/neonatology/salmonella.

Erhart, M. B. 1937. Feixe atrio-ventricular de his no Tapirus americanus. Arquivo de
anatomia e Antropologia 18: 37-42. cardiovascular/anatomy.

Evarestrova, A. 1946. Gemogramma Tapira. Proceedings of the Moscow Zoological Park
3: 219-220.

Fa, J. E., and L. M. Morales. 1993. Patterns of mammalian diversity in Mexico. Biological
Diversity of Mexico: Origins and Distribution. eds T. P. Ramamoorthy, R. Bye, A. Lot, and
J. Fa, 319-361. New York and Oxford: Oxford University Press.
biology/conservation/natural history.
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98.

99.

100.

101.

102.

103.

104.

105.

106.

Ferrier, W. B. 1905. Tapir calf. J.Bombay Nat.Hist.Soc. (17): 242.
biology/management/neonatology.

Ferris, W. B. 1905. Note on the Malay tapir (Tapirus indicus) in captivity. Journal of the
Bombay Natural History Society 17 (5): 242-243.
husbandry.

Flint, J., O. A. Ryder, and J. B. Clegg. 1990. Comparison of the «-globin gene cluster
structure in Perissodactyla. J. Mol. Evol. 30 (1): 36-42.

To investigate molecular evolution in a mammalian order with a comprehensive fossil
record, we have constructed a-globin-like gene cluster maps for members of the order
Perissodactyla. Although the arrangement of genes is the same in the five Equidae
examined, the tapir and rhinoceros differ from each other and the horse in the position and
number of their { genes, but not in the arrangement of their « and 0 genes. In contrast to
morphological work, a dendrogram derived fron restriction site maps associates the tapir
with the horse rather than with the rhinoceros.

GENETICS/TAXONOMY.

Foenander, E. C. 1952. Big game of Malaya. London: Batchworth Press.
natural history.

Fountaine, P. 1962. Longevity of the Malayan Tapir. Int. Zoo Yearbook (3): 80.
biology/husbandry.

Frackowiak, H., and S. Godynicki. 1991. Head arteries in the lowland tapir (Tapirus
terrestris). Rocz Akad Rol Pozn 229: 15-20. anatomy/cardiovascular.

Fradrich, H., and S. Godynicki. 1972. Tapirs. Animal Life Encyclopedia, vol 13 ed. ed. B.
Grzimek,566 pp. New York: Van Nostrand Reinhold.
biology/natural history.

Fradrich, H., and E. Thenius. 1972. Tapirs. Grzimek's Animal Life Encyclopedia (13):
17-23.
biology.

Fragoso, J. M. V. 1991. The effect of hunting on tapirs in Belize. Neotropical Wildlife Use
and Conservation. J. G. Robinson, and K. H. Redford, 154-173. The University of Chicago
Press.

Dep. Wildlife Range Sci.,118 Newins-Ziegler Hall,Univ. Florida, Gainesville, Fla. 32611.
biology/conservation/hunting/Belize.

Fragoso, J. M. 1991. The effects of selective logging on Baird's tapir. Latin American
Mammalogy: History, Biodiversity, and Conservation. eds. M. A. Mares, and D. J.
Schmidly,Norman, Oklahoma and London: University of Oklahoma Press.
biology/conservation/natural history/nutrition.
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112.

113.

114.
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Fragoso, J., and M. Williamson. 1986. Tapir Discovery in Belize. Species (Newsl. Species
Survival Comm.). p.9.

Tapirus bairdi.

natural history/biology.

Fredrick, D. L. 1982. Cytologyical changes before, during, and after pregnancy in South
American tapirs. American Association of Zoological Parks And Aquariums Regional
Conference Proceedings 364-371.

management/reproduction.

Friant, M. 1943. Le tlencephale des tapirides. Anatomischer Anzeiger 94: 26-41.
anatomy/neurology.

Frolka, J. 1986. Erkrankungen Zootiere. Erkrankungen beim im zoo gehaltenen
schabrackentapir (Tapirus indicus) und Flachlandtapir (Tapirus terrestris)., 189-193.

---. 1989. Erkrankungen der Zootiere. Verhandlungsbericht des 31. Internationalen
Symposiums uber die Erkrankungen der Zoo- und Wildtiere, Dortmund 1989. Tuberculosis
among Brazilian tapirs in a zoo and its prevention., 281-284.
Tuberculosis/respiratory/myobacterium bovis/bacterial disease.

Frolka, J., and J. Rostinska. 1984. Erkrankungen der Zootiere. Verhandlungsbericht des 26.
Internationalen Symposiums uber die Erkrankungen der Zootiere vom 2. Mai bis 6. Mai
1984 in Brno. Efficacy of ivermectin MSD (Ivomec, Eqvalan) against Sarcoptes scabiei
and nematodes in zoo animals., R. Ippen, and H. D. Schroder, 455-462.

Reported in this paper is experience obtained from therapeutic application of Ivomec and
Equalan (Merck,Sharp, and Dohme) to zoo animals. Ivermectin MSD was found to act
strongly on scabies mites (Sarcoptes scabies) in tapir (Tapirus terrestris) and on intestinal
nematodes in blackbuck (Antilope cervicapra) as well as on equine ascaridae and lesser and
major equine Strongyli in Shetland pony. The same broad anthelminthic action of the
substance was not confirmed, however in dromedary (Camelus bactrianus). Ivermectin had
no effect either on coccidia. Since both preparations exhibited strong ascaricidal,
insecticidal, and anthelminthic effectiveness, with hardly any side effects being caused,
their final testing and therapeutic use is recommended for these and other species of zoo
animals.

ivermectin/sarcoptes/dermatology/parasitology.

Gale, N., and C. Sedgwick. 1968. A note on the woolly tapir at the Los Angeles Zoo.
Int.Zoo Yearbook (8): 211-212.
management/veterinary medicine, general.

Gambarian, P. P. 1972. How Mammals Run; Anatomical Adaptations. New York: Halsted

Press Book.
anatomy/behavior/musculoskeletal.
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116.

117.

118.

119.

120.

121.

122.

123.

Gambaryan, D. P. 1964. Norfofunktsionalinyi analiz nyshts konechnustei tapira (Tapirus
americanus). Zoologische Jahrbuch Akademie Naukowe Arm. Esr. 13: 5-50.

Garton, E. R. 1977. Late Pleistocene and recent mammal remains from two caves at
Bowden, West Virginia. West Virginia Academy of Science Proceedings 49 (1): 41.
abstract only.

taxonomy.

Geroudet, P. 1970. Le tapir pinchaque doit etre protege en Equateur. Biol. Conserv. 2 (2):
139-140.

Glanz, W. E. 1991. Mammalian densities at protected versus hunted sites in central
Panama. Neotropical Wildlife Use and Conservation. eds. J. G. Robinson, and K. H.
Redford, 163-173.

hunting and reserves.

biology/conservation/management.

Gonzalez, G., and L. D. Navarro. 1991. Diversity and conservation of Mexican mammals.
Latin American mammalogy: History, Biodiversity, and Conservation. eds. M. A. Mares,
and D. J. Schmidly, 97-123. Norman, Oklahoma and London: University of Oklahoma
Press.

biology/conservation/natural history.

Gray, J. E. 1872. Notes on a new species of tapir from the snowy regions of the Cordilleras
of Ecuador and on the young spotted tapirs of North America. Proceedings of the
Zoological Society of London, 1872 876-886.

taxonomy.

---. 1867. Notice of a new species of American tapir, with observations on the skulls of
Tapirus, Rhinochoerus, and Elasmognathus in the collection of the British Museum.
Proceedings of the zoological Society of London, 1967 876-886.
taxonomy/musculoskeletal.

Grimwood, I. R. 1968. Notes on the distribution and status of some Peruvian mammals.
Special Publication 21 (Appendix 1I): Recommendations on the conservation of wildlife and
the establishment of national parks and reserves in Peru. 77-78. Bronx, New York:
American Committee on International Wildlife Protection and New York Zoological
Society.

biology/natural history.

---. 1969. Notes on the distribution and status of some Peruvian mammals 1986. Special
Publications of the American Committee for International Wildlife Protection, New York
Zoological Society 21: 1-86.

biology/natural history.
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125.

126.

127.

128.

129.

144

Guglielmone, A. A., and Mangold A. J. 1986. Finding of Amblyomma ovale Koch, 1844 in
the provinces of Salta and Jujuy, Argentina. Communication. Veterinaria Argentina 3 (22):
167-168. )

Amblyomma ovale was found for the first time in the Province of Jujuy,Argentina in 1982,
when a male was collected on tapir (Tapirus terrestris) in the Department of Santa Barbara,
and for the first time in the Province of Salta in 1984, when 2 males and 9 females were
detected on a dog in the Department of Oran.

parasitology.

Guglielmone, A. A., A.J. Mangold, and C. R. Aufranc. 1992. Haemaphysalis juxtakochi,
Ixodes pararicinus (Ixodidae) and Otobius megnini (Argasidae) in relation to the
phytogeography of Argentina. Annales de Parasitologie Humaine et Comparee 67 (3):
91-93.

parasitology.

Haarmann, K. 1974. Morphological and histological investigations on the neo cortex of
several perissodactyla. Acta Anatomica 90 (2): 285-299.
anatomy/taxonomy/neurology.

Hatcher, J. B. 1896. Recent and fossil tapirs. The American Journal of Science (Fourth
series) 1 (3): 161-180.
taxonomy.

---. 1896. Recent and fossil tapirs. American Journal of Science, Ser. 4 1: 161-180.
taxonomy.

Henry, J. S., V. A. Lance, and J. M. Conlon. December 1991. Primary structure of
pancreatic polypeptide from four species of Perissodactyla (Prezwalski's horse, zebra,
rhino, tapir). Gen. Comp. Endocrinol 84 (3): 440-446.

Leu-Thr-Arg-Pro-Arg-Tyr.NH2. Zebra PP was identical to Prezwalski's horse PP,
rhinoceros PP contained three substitutions relative to the horse (Ser for Alal, Leu for
Met3, and Glu for GIn16), and tapir PP contained one substitution relative to the horse (Leu
for Met3). On the basis of morphological characteristics and the fossil record, the
rhinocerotids are classified with the tapirids in the suborder Ceratomprpha, whereas the
horse and zebra belong to a seperate suborder,Hippomorpha. On the basis of structural
similarity of the PP molecules,however, it would appear that the tapir is more closely
related to the horse than to the rhinoceros. Theseobservations provide a further example of
the need for extreme caution when inferring taxonomic or phylogenic relationships between
species from the structures of homologous peptides.

endocrinology/taxonomy.
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130. ---. February 1993. Purification and characterization of insulin and the C-peptide of
proinsulin from the Prezwalski's horse, zebra, rhino, and tapir (Perissodactyla). Gen. Comp.
Endocrinol 89 (2): 299-308.

Within the order Perissodactyla, the primary structure of insulin has been strongly
conserved. Insulin from Prezwalski's horse and the mountain zebra (suborder
Hippomorpha) is the same as that from the domestic horse and differs from insulin from the
white rhinoceros and mountain tapir (suborder Ceratomorpha) by a single substitution
(Gly--> Ser) at position 9 in the A-chain. This component was probably formed during the
extraction of the pancreas with acidified ethanol. The amino acid sequence of the
C-peptide of proinsulin has been less well conserved. Zebra C-peptide comprises 31 amino
acid residues and differs from Prezwalski's horse and domestic horse C-peptide by one
substitution (GIln30-->Pro). Rhino C-peptide was isolated only in a truncated form
corresponding to residues (1-23) of intact C-peptide. Its amino acid sequence contains three
substitutions compared with the corresponding region of horse C-peptide. It is postulated
that the substitution (Pro23-->Thr) renders rhino C-peptide more liable to proteolytic
cleavage by a chymotrypsin-like enzyme than horse C-peptide. C-peptide could not be
identified in the extract of tapir pancreas, suggesting that proteolytic degradation may have
been more extnesive than in the rhino. In contrast to the ox and pig (order Artiodactyla),
there was no evidence for the expression of more than one proinsulin gene in the species of
Perissodactyla examined.

endocrinology/taxonomy.

131. Heran, I. 1989. Ear marking in perissodactyla. Lynx (Prague) 25: 29-40.
biology.

132. ---. 1989. Ear marking in perissodactyla. Lynx 25: 29-40.
behavior/biology.

133. Hermann, R. 1924. Ein neuer tapir aus Brasilien und ost Bolivien. Mitteillungen aus dem
Zoologischen Museum in Berlin 11: 167-168.
taxonomy.

134. Hershkovitz, P. 1954. Tapirs:with a systematic review of America species.Mammals of
Northern Columbia,prelim. report #7. Proc.U.S.Nat.Mus.103, 456-496.
3329.
taxonomy.

135. Hertzog, R. E. 1975. American Association of Zoo Veterinarians Annual Proceedings.
Xylazine in exotic animal practice., 40-42.
anesthesia.

136. Hislop, J. A. 1961. The distribution of elephant, rhinoceros, seladang and tapir in Malaya's

National Park. Malayan Nature Journal (Special Issue) 95-99.
natural history/biology.
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138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

146

---. 1950. The story of a tapir. Malayan Nature Journal 5 (2): 92-95.
biology/natural history.

Hofmann, L. 1923. Zur anatomie des mannlichen elefanten-tapir-und
hippopotomas-genitale. Zoologische Jahrbucher Abteilung fur Anatomie und Ontogenie
der Tiere 45: 161-212.

anatomy/reproduction.

Hooijer, D. A. 1961. Dental anomaly in Tapirus terrestris. Bijdragen tot de Dierkunde 31:
63-64.
anatomy/gastrointestinal.

Horan, A. 1983. An outline of tapir management. Proceeding of Assoc. of British Wild
Animal Keepers., 24-29.
management/husbandry.

Hsu, T. C., and K. Benirschke. 1975. An Atlas of Mammalian Chromosomes. New Y ork:
Springer-Verlag.

Hughes, F., M. LeClerc-Cassan, and J. P. Marc. 1986. Anesthesie des animaux non
domestiques, essai d'un nouvel anesthesique:L'association tiletamine-zolazepam (zoletil
N.D.). Recueil med vet ecole alfort 162 (3): 427-431.

anesthesia.

Hunsaker, D., and T. Hahn. 1965. Vocalization of the South American Tapir (7.terrestris).
Animal Behav. (13): 69-74.
biology/behavior.

Jackson, C. E. 1950. Malayan Tapir. Malay.Nat.J. 5 (2): 92-95.
biology.

Jacobi, E. F. Hippopotomus, tapir, and manatee house at Amsterdam Zoo. International
Zoo Yearbook 9: 63-64.
husbandry.

Janis, C. 1976. The evolutionary strategy of the Equidae and the origins of rumen and cecal
digestion. Evolution 30: 756-774.
biology/taxonomy/nutrition.

---. 1984. Tapirs as living fossils. Living Fossils. eds N. Eldredge, and S. M. Stanley, 80-86.
Springer Verlag.

biology/taxonomy.

Janzen, D. H. 1981. Digestive seed predation by a Costa Rican Baird's tapir. Biotropica 13
(2,supplement): 59-63.
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nutrition/biology.

149. ---. 1983. Rapirus bairdii (Danto, Baird's tapir). Costa Rican Natural History. ed D. H.
Janzen,Chicago, London: University of Chicago Press.
biology/natural history.

150. ---. 1982. Seeds in tapir dung in Santa Rosa National Park, Costa Rica. Brenesia 19 (20):
129-135.
nutrition/biology.

151. ---. 1983. Tapirus bairdii. Costa Rican Natural History. D. H. (. ). Janzen,Chicago and
London: The University of Chicago Press.
Costa Rica/biology.

152. ---. 1982. Wild plant acceptability to a captive Costa Rican Baird's tapir. Brenesia 19/20:
99-128.
nutrition/biology.

153. Jensen, J. M. 1978. Beta-hemolytic streptococcus associated with enteritis in a Malayan
tapir. Journal of Zoo Animal Medicine 9 (3): 88-90.
streptococcus/bacterial disease/gastrointestinal.

154. Jones, M. L. 1994. Longevity of ungulates in captivity. International Zoo Yearbook 32.:
biology/husbandry.

155. Jorgenson, J. P. 1985. Order Perissodactyla/Family Tapiridae. Identification manual,
Volume 1a. Mammalia:carnivora to artiodactyla. Convention on International Trade in
Endangered Species of Wild Fauna and Flora. ed P. Dollinger, 199. Lausanne,
Switzerland: Convention on International Trade in Endangered Species of Wild Fauna and
Flora.
biology/taxonomy.

156. Kallenius, G., G. Bolske, InnerstedtA., M. Ramberg, B. O. Roken, and S. B. Svenson. 22
December 1993. Did the tapir infect the ape of vice versa?A new technique for tracing
tuberculosis. Lakartidningen (SWEDEN) 90 (51-52): 4658-4659.
tuberculosis, mycobacterium tuberculosis.

157. Kasman, L. H., B. McCowan, and B. L. Lasley. 1985. Pregnancy detection in tapirs by
direct urinary estrone sulfate analysis. Zoo Biology 4 (3): 301-306.
reproduction/endocrinology/husbandry.

158. Kathariner, F. L. 1914. Das fubskelett des tapirs. Naturwissenschaftliche Wochenschrift
Jena 13: 422-423,
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Kirshshofer, R. 1963. Das verhalten der giraffengazzelle, elenantilope und des flachland
tapirs bei der geburt: einige Bemerkungen zur vermehrungsrate und generationsfolge
dieserartem im Frankfurter Zoo. Zeitschrift tur Tierpsychologie 20: 143-159.

Kitchens, J. A. 1988. Tapir and associated pleistocene mammals from Archer County,
Texas. Texas Journal of Science 40 (3): 363-366.

Tapirus veoensis.

taxonomy.

Kladetzky, J. 1956. Atlas und epistropheus vom tapir (erganzung zum Beitrag: zur
entwicklung des dens epistropheis). Gegenbaurs Morphologisches Jahrbuch 97: 193-201.

Klatts, B. G. 1972. The moving mesaxonic manus, a comparison of tapirs and rhinoceroses.
Mammalia 36 (1): 126-145.
anatomy/respiratory.

Klingel, H. 1977. Communication in the Perissodactyla. Sebeok, T.A., ed ed. 715-727.
Bloomington, Indiana, London: Indiana University Press.
behavior/biology/taxonomy.

Kl6s, H. G. 1966. Rhino, tapir and okapi house at West Berlin Zoo. International Zoo
Yearbook 6: 127-128.
husbandry.

Koenigswald, R. V. 1930. Die tapirreste aus dem aquitan von ulm und mainz.
Palaeontographica Stuttgart 73: 1-29.

Kono, N., S. Shitsiri, H. Hiramatsu, K. Tasaka, and Y. Saheki. 1989. Some findings in
thoracic cavities of Malayan tapirs (Tapirus indicus). J. Jpn. Assoc. Zool. Gard. Aquariums
31 (1): 11-13.

anatomy.

Kourist, W. 1973. Fruhe Haltung von grossaugetieren, Teil 4:die ersten zweihornigen
nashorner, die tapire und wale in den zoologischen garten und anderen tiersammlungen
[The first two-horned rhinoceros, tapirs, and whales in zoos and other animal collections].
Zool.Beitr. 19 (1): 137-150.

husbandry.

Krumbiegel, I. 1936. Beitrage zur Jugendentivicklung des Schabrackentapirs
[Contributions to juvenile development in Malayan tapirs]. Der Zool. Garten N.F. (8):
96-99.

behavior/biology/reproduction.
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176.

177.

178.

179.

Kruska, D. 1973. Cerebralization evolution of the brain and changes in brain size as a cause
of domestication within the order perissodactyla and a comparison with the order
artiodactyla. Zeitschrift fuer Zoologische Systematik und Evolutionsforschung 11 (2):
81-103.

taxonomy/neurology/anatomy.

Kuehn, G. 1986. Tapiridae. Zoo and Wild Anim.Med., 2 ed. ed M. E. Fowler, 931-934.
Philadelphia, London: W.B. Saunders.
veterinary medicine/taxonomy.

Kutschmann, K., G. Albrecht, and M. Neumann. 1986. Erkrankungen Zootiere. Zur
anwendung von diazepam beim zootier [On the application of diazepam for the zoo
animal]., 185-188.

anesthesia.

Kutzer, E., and W. Grunber. 1967. Sarcoptes raude (Sarcopti tapiri nov. spec.) bei tapir en
(Tapirus terrestris). Zeitschrift fur Parasitenkunde 29: 46-60.
parasitology.

Leat, W. M. F., C. A. Northrop, N. Buttress, and D. M. Jones. 1979. Plasma lipids and
lipoprotiens of some members of the order Perissodactyla. (Tapirus indicus). Comparative
Biochemistry and Physiology,B 63 (2): 275-281.

lipids/taxonomy/nutrition.

Lechner, W. 1932. Ueber die tubendivertikel (luftsacke) beim tapir. Ein beitrae zur
anatomie des tapirs (Tapirus americanas). Anatomischer Anzeiger 74: 250-265.
anatomy.

Lee, C. C., Z. Zainal-Zahari, and M. Krishnasamy. 1986. New host record of armillifer
moniliformis (Diesing,1835) sambon,1922 in a Malayan tapir (Tapirus indicus). Kajian Vet
18 (2): 195-197. parasitology.

Lekagul, B., and J. A. McNeely. 1977. Asian or Malayan tapir. Mammals of Thailand.
648-650.
biology.

Lindberg, A. 1984. Ein Albinotischer flachland tapir (7. terrestris) in kolmardens djurpark
[An albino lowland tapir (T. terrestris)]. Zoologische Gart.,Jena 54 (4-5): 357-359.
biology.

Lock, R. 1991. Foot problems with tapirs at Twycross Zoo. Ratel 18 (5): 141-143.
foot problems/dermatology/management.

Lundelius, E. L. Jr., B. H. Slaughter, and C. S. Churcher. 1976. Notes on American
Pleistocene tapirs. Royal Ontario Museum Life Sciences Misc.Publ., 226-240.
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taxonomy.

MacKinnon, K. 1984. Tapirs. The Encyclodpaedia of Mammals, Volume 2. ed D.
MacDonald, Toronto: George, Allen, Unwin.
taxonomy/biology.

Mabhler, A. E. 1984. Activity budgets and use of exhibit space by South American tapir
(Tapirus terrestris) in a zoological park setting. Zoo Biol. 3 (2): 35-46.

Six individuals of Tapirus terrestris (two adult males, one juvenile male, and three adult
females) were observed the first three months of 1982 at Audubon Park and Zoological
Garden. Data for fourteen behavioral states were collected by scan sampling at ten-minute
intervals throughout the day and twice throughout the night in an open-air, mixed species
exhibit. The data were analyzed to calculate activity budgets and space use. Sleeping,
eating, foraging, walking and standing made up the major portions of the activity budgets.
"Natural" activity patterns, as in the wild for browsing ungulates, were displayed under
captivity in variously modified form. The characteristics of an individual, especially the
reproductive state, affected both activity budget and space use. Zoo regimen significantly
modified activity budgets and space use by the animals.

management/biology/behavior.

Mallinson, J. C. C. 1968. American tapir Tapirus terrestris juvenile to adult pelage. Jersey
Wildlife Preservation Trust Annual Report 5: ii.
biology/husbandry.

Mallinson, J. J. C. 1969. Reproduction and development of Brazilian tapir, Tapirus
terrestris. Annual Report of the Jersey Wildlife Preservation Trust 6: 47-52.
reproduction/neonatology.

---. 1969. Reproduction and development of Brazilian tapir, Tapirus terrestris. Annual
Report of the Jersey Wildlife Preservation Trust 6 (47-52):
reproduction/neonatology/management.

Maluf, N. S. R. 1991. The kidney of tapirs: a macroscopical study. Anat Rec 231 (1): 48-62.
renal/anatomy.

Mann, P. C., M. Bush, D. L. Janssen, E. S. Frank, and R. J. Montali. 1981.
Clinicopathologic correlations of tuberculosis in large zoo animals. J Am Vet Med Assc 179
(11): 1123-1129.

tuberculosis/bacterial disease.
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March Mifsut, 1. J. 1994. Situacion actual del Tapir en Mexico [Current status of the tapir
in Mexico]. Serie Monografica, Centro de Investigaciones Ecologicas des Sureste 1: 41 p.
The Baird's Tapir Tapirus bairdii (Gill, 1865), is an endangered animal throughout all its
present distribution. Some remnant populations can still be found in Mexico. Originally,
this species was distributed in seven states of southern Mexico, but it is possible that the
tapir could be already extinct in the states of Veracruz, Yucatan, and maybe also in
Tabasco. In Mexico, the total original habitat for the tapir covered an extensive area which
now has been reduced to less than a half. Based on reports from several authors as well as
records generated by the author as well as records generated by the author from 1984 to
1992, this paper presents 36 records of distribution of the tapir in southern Mexico. Based
on this analysis, it is concluded that the tapir occurs from the sea level to 1,900 meters in
altitude and in several types of rainforest, savannahs, and cloud forests. The main
characteristics of the tapir's habitat in some of the verified areas of its distribution are
described and specific measures for the conservation of the species are proposed.
conservation/biology/distribution/Mexico/nutrition.

Matola, S. 1992. News from the field: Belize. Tapir Conservation. IUCN/SSC Tapir
Specialist Group Newsletter 3:
Belize/Conservation.

---. 1991. Tapir specialist Group Report. Species. Newsletter of the Species Survival
Commission. IUCN. 16: 59.
biology/husbandry/conservation.

Mazur, G., and G. Braunitzer. 1984. The primary structure of the hemoglobins from a
lowland tapir(Tapirus terrestris, perissodactyla): Glutamic acid in position 2 of the
chains. Hoppe-Seyler's Z. Physiol. Chem. 365 (9): 1097-1106.

The hemoglobins from a lowland tapir (Tapirus terrestris) were analyzed and the complete
primary structure is described. The globin chains were separated on CM cellulose column
in 8M urea and the amino-acid sequences were determined in the liquid phase
sequenator.The results show that globin consists of two o chains (oI and «IT) and B major
and 3 minor components. The a chains differ only at one position: «I contains aspartic acid
and ol glycine. The chains are heterogeneous: aspartic and glutamic acid were found at
positions 321 and 373 of the B major components and asparagine and serine at position
3139. In the B minor components four positions were found with more than one amino
acid, namely B 2, B4, p6, and B56.

hematology.

McClearn, D. 1992. The rise and fall of a mutalism? Coatis, tapirs, and ticks on Barro
Colorado Island, Panama. Biotropica 24 (2a): 220-222.
biology/behavior.

McClure, H. E. 1963. A wounded tapir. Malay.Nat.J. (17): 266-267.
biology.
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Mead, J. L, E. L. Roth, T. R. Van Devender, and D. W. Steadman. 1984. The late
Wisconsinan vertebrate fauna from Deadman Cave, Southern Arizona. San Diego Society
of Natural History, Transactions 20 (14): 247-276.

taxonomy/biology.

Medway, L. 1974. Food of a tapir, Tapirus indicus. Malayan Nature Journal 28 (2): 90-93.
Reports the composition of vegetation browsed by T. indicus in a selectively logged
lowland area of Trengganu, Peninsular Malaysia. Browsing was very selective and caused
little damage. The browsed species were all typical of secondary forest or deforested land.
nutrition/biology.

Meier, J. E. 1982. Treatment of salmonellosis. J.of Zoo Animal Med. 13 (1): 26-29.
salmonellosis/bacterial disease.

Meierhenry, E. F., and L. W. Clausen. 1977. Sarcoptic mange in collared peccaries.
J.Am.Vet.Med.Assoc. 171 (9): 983-984.
sarcoptes scabei/parasitology.

Mercolli, C., and A. A. Yanosky. 1991. Estimates of tapir (Tapirus terrestris) habitat
selection and activity level at el Bagual Ecological Reserve, Formosa, Argentina. Misc.
Zool. 15: 227-231.

biology/behavior.

Miller-Edge, M. D. P. a. S. A. D. 1994. Carfentanil, ketamine, xylazine combination
(CKX) for immobilizatio of exotic ungulates: Clinical experiences in bongo (Tragelaphus
euryceros) and mountain tapir (Tapirus pinchaque). Proceedings American Association of
Zoo Veterinarians pp. 192-195.

CKX was used to immobilize 3 adult and 1 juvenile mountain tapirs. Subjective quality of
anesthesia was judged to be good-excellent. (Xylazine 0.103 mg/kg, ketamine 0.26 mg/kg,
and carfentanil 5.4 ug/kg) Induction and recovery were smooth and without complications.
Due to the length of procedures performed, anesthesia was maintained with isoflurane and
propofol. Propofol given as slow iv bolus to effect (~0.3 mg/kg). Heart rate, respiratory
rate, and O2 saturation were stable throughout the procedures. All animals were reversed
with naltrexone at a rate of 100:1 and yohimbine (0.13 mg/kg iv). No procedures were
performed with carfentanil as a sole induction agent in mountain tapirs.

Anesthesia.

Moriena, R. A., and O. J. Lombardero. 1979. First record for Argentina of Kiluluma
longipene, parasite of Tapirus terrestris. Veterinaria,Argentina 2 (2): 127-130.
parasitology.

Nair, N. D., K. V. Valsala, K. I. Mariyamma, K. M. Ramachandran, and A. Rajan. 1985.

Tuberculosis in a tapir (Tapirus indicus). Indian Veterinary Journal 62 (12): 1086-1087.
tuberculosis/bacterial disease.
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Naundorff, E. 1953. Meine Begegnung mit einem Bergtapir (7. pinchaque) [On my meeting
with a mountain tapir]. Der Zool. Garten N.F. (20): 51-52.
biology/natural history.

Neuville, H. 1933. Sur l'appareil respiratoire de Tapirus indicus. Bull. du Mus. Paris (5):
346.
respiratory.

Nicaragua Ministerio de Agric. 1977. El danto o tapir en Nicaragua. Serie de Publicaciones
del Album de Vida Silvestre de Nic
natural history/biology.

Ojasti, J. 1983. Ungulates and large rodents of South America. Tropical Savannas 427-439.
biology/natural history.

Olrog, C. C. 1977. La situacion presente de los carnivoros y ungulados argentinos. Reunion
Iberoam. Zool. Vertebr. 1: 619-623. biology.

Oria, J. 1937. Estudo embryologico do Tapirus americanus. 1:Nota previa: Annexos
embryonarios e typo de placentacao. Anais da Academia Brasileira de Ciencias 9: 263-267.

reproduction/biology.

Ormrod, S. 1967. Milk analysis of the South American tapir. Int.Zoo Yearbook (7):

157-158.
neonatology/nutrition.

Otera de la Espriella, R. 1973. La danta, una riqueza sin explotar. (The tapir, a richness
without exploitation.) Rev ESSO Agric 19 (2): 9-12.
biology.

Overall, K. L. 1980. Coatis (Nasua nasua), Tapirs (T. bairdi) and ticks a case of
mammalian interspecific grooming. Biotropica 12 (2): 158.
biology/parasitology.

Owen, R. 1830. On the anatomy of the American tapri (Tapirus americanus Gmel.).
Proceedings of the Zoological Scoiety of London 1830: 161-164.
anatomy.

. Pleticha, P. 1981. The Malay tapir (Tapirus indicus). Ziva 29 (1): 36.

biology.

Pournelle, G. H. 1966. When does a Malay tapir lose its spots and stripes? Zoonooz 39
(11): 6-7.
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215.

216.
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management/biology.

Ralls, K., B. Lundrigan, and K. Kranz. 1987. Mother-young relationships in captive
ungulates: behavioural changes over time. Ethology 75: 1-14.
biology/reproduction/behavior.

Ralls, K. K. ,. K., and B. Lundrigan. 1987. Mother-young relationships in captive
ungulates:variability and clustering. Animal Behaviour 34: 134-145.
biology/reproduction/behavior.

Ralls, K., B. Lundrigen, and K. Kranz. 1987. Mother-young relationships in captive
ungulates: behavioual changes over time. Ethology 75 (1): 1-14.
behavior/management/husbandry.

Ramaekers, F. C. S., P. L. E. Van Kan, and H. Blomendal. 1979. A comparative study of
beta crystallins from ungulates whale and dog. Ophthalmic Research 11 (3-4): 143-453.
The major beta-crystallins from the ocular lens of 4 species from the order Artiodactyla
(calf,sheep,hog,and goat) and 3 perissodactyls (rhino,tapir and donkey) were isolated and
compared by means of gel electrophoretic techniques and immunodiffusion. In addition
beta-crystallins from whale and dog were used in this study. Although these beta-crystallins
were not identical, a high degree of similarity was found between animals of the same
order. Furthermore all species seem, like previously found in the calf, to have one major
component (BBp) with identical electrophoretic properties, which is shared by both
beta(H(igh))-crystallin and beta (L(ow))-crystallin. This suggests a conservative character
of this polypeptide in evolution. The most striking differences between artiodactyls and
perissodactyls are found in the B(H)-aggregates, especially apparant is the occurence of the
polypeptide, designated as BB1 in the calf, in the investigated artiodactyl species, but not in
the perissodactyls. This results is sustained by immunodiffusion studies. Moreover these
latter experiments also indicate that in whale and dog a polypeptide occurs, which is
immunologically related to fB1 from the calf. The resultsmay be explained by the loss or
profound structural change of this polypeptide in the course of perissodactyl evolution.
taxonomy/ophthalmology.

Rambo, A. T. 1978. Bows, blowpipes and blunderbusses: ecological implications of
weapons change among the Malaysian Negritos. Malayan Nature Journal 32 (2): 209-216.
biology.

Ramsay, E. C., and Z. Zainuddin. 1993. Infectious diseases of the rhinoceros and tapir. Zoo
and Wild Animal Medicine 3: 459-466.

bacterial disease/fungal disease/parasitology/mycobacterium
tuberculosis/salmonellosis/tuberculosis.

Rapley, W. A., and K. G. Mehren. 1975. The clinical usage of Rompun (xylazine) in
captive ungulates at the Metropolitan Toronto Zoo. Proceedings American Association of

Zoo Veterinarians 1975: 16-42.
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225.

226.

227.

228.

anesthesia.

Ray, C. E. a. S. E. 1984. Pleistocene tapirs in the eastern USA. Carnegie
Mus.Nat.Hist.Spec.Publ. O (8): 283-315.
taxonomy.

Read, B. 1987. Breeding and management of the Malayan tapir at St.Louis Zoo, Missouri,
USA. International Zoo Yearbook 24/25: 294-297.
management/husbandry.

Redford, D. H., and J. F. Eisenberg. 1992. Mammals of the Neotropic. Volume 2: The
Southern Cone - Chile, Argentina, Uruguay, Paraguay. Chicago: University of Chicago
Press.

Redford, D.H. and Eisenberg, J.F.

Mammals of the Neotropic. Volume 2: The Southern Cone - chile, Argentina, Uruguay,
Paraguay.

natural history/biology/conservation.

Redford, K. H., and J. G. Robinson. 1991. Park size and the conservation of forest
mammals in Latin America. Latin American Mammalogy: History, Biodiversity, and
Conservation. eds. M. A. Mares, and D. J. Schmidly, 227-234. Norman, Oklahoma and
London: University of Oklahoma Press.

biology/conservation/natural history.

---. 1991. Subsistence and commercial use of wildlife in Latin America. Neotropical
Wildlife Use and Conservation. eds. J. G. Robinson, and K. H. Redford, 6-23. Chcago:
Univeristiy of Chicago Press.

biology/conservation/natural history.

Reichel, K. 1982. Tapirs. Handbook of Zoo Medicine. eds H. G. Klos, and E. M. Lang,New
York, London: Van Nostrand Reinhold Co.
veterinary medicine.

Reichel, K., and H. Mayer. 1972. Herpes virusinfektion bei Tapiren [Herpesvirus infection
in tapir]. Erkrankungen Zootiere. Wroclaw symposium, Akademie Verlag,Berlin, 221-225.
herpes virus/viral disease.

Reynolds, A. J. 1947. The tapirs of Burma Zoo. Zoo Life (autumn):
management/husbandry.

Richter, W. 1966. Untersuchungen uber angeborene Verhaltensweisen der

Schabrackentapirs (Tapirus indicus) und des Flacklandtapirs (Tapirus terrestris).
Zoologische Beitrage 12: 67-159.
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Robinson, J. G., and K. H. Redford. 1991. Sustainable harvest of neotropical forest
mammals. Neotropical Wildlife Use and Conservation. eds. J. G. Robinson, and K. H.
Redford, 415-429.

biology/conservation/natural history.

Robison, N. D. 1981. A description of the pleistocene faunal remains recovered from
Finger Quarry, Blount County, Tennessee. Journal Tenn. Acad. Sci 56 (2): 68-71.
taxonomy.

Roulin, X. 1829. Memoir pour servir a l'histoire du tapir; et description dune espece
nouvelle appartenant aux hautes regions de la Cordillere des Andes. Annales des Science

. Naturelle Zoologie Paris 17: 26-55.

Ryder, O. A. 1984. A studbook for Malayan tapirs. Zoonooz 57 (6): 16-17.
management/conservation.

Saez, H., J. Rinjard, and L. Strazielle. 1974. Infection of a tapir with Microsporum canis.
Bulletin Mensuel de la Societe Veterinaire Pratique de France 58 (7): 335-338.

Squamous lesions were observed on a male tapir (Tapirus pinchaque) kept at the zoo for
51/2 yr. Loss of hair was restricted to a large patch on the buttocks and to 4 smaller patches
on the head. Cultures of scrapings yielded Microsporum canis. A month later the hair
started to grow and similar cultures were negative. Cure was spontaneous and without
treatment indicating that the tapir is probably not a normal host for the fungus. '
microsporum canis/fungal disease/dermatology.

Saez, H., J. Rinjard, M. LeClerc-Cassac, and L. Strazielle. 1977. Microsporum and
microsporoses: III Epizootic foci and isolated microsporoses seen in the Paris Zoological
Park. Mykosen 20 (4): 156-162.

microsporum/fungal disease/dermatology.

Sanborn, C. C. 1950. Notes on the Malay tapir and other animals in Siam. J.Mamm. 31 (4):
430-433.
biology.

Santiapillai, C., and W. Sukohadi Ramono. 1990. The status and conservation of the
Malayan Tapir in Sumatra,Indonesia. Tigerpaper(Bangk) 17 (4): 6-11.
biology/conservation.

Satterfield, W., and G. A. Lester. 1974. Internal fixation of a chronic rectal prolapse in a
Malaysian tapir. Journal of Zoo Animal Medicine 5 (3): 26.

A three-month old female was noted to have a protruding rectal prolapse 3-4 inches in
length. Enemas were administered to remove impacted hay and straw. Liquid petrolatum
was administered to remove all roughages. Visitors were feeding her acorns and oak
leaves. One half mg of M99 was administered, the prolapse reduced and two purse string
sutures were applied which remained for 15 days. She prolapsed again. A median incision
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was made, the prolapse was reduced, and a section of the large intestines sutured to the
right abdominal wall with two rows of interrupted sutures. No further prolapse problems
have occured.

rectal prolapse/surgery/gastrointestinal.

Schaller, G. B. 1983. Mammals and their biomass on a Brazilian ranch. Arquivos de
Zoologia (Sao Paulo) 31: 1-36.
biology/conservation/natural history.

Schauder, W. 1944. L'uterus gravide et la placenta du tapir, leur comparaison avec ceux du
porc et du cheval. Morph. Jahrb. Dtsh. (89): 407-456.
reproduction/anatomy.

---. 1928. Uber anatomie, histologie und entwicklung der embryonalanhange des tapirs.
Gegenbaurs Morphologisches Jahrbuch 60: 105-178.
anatomy.

Schauenberg, P. 1969. Contribution a l'etude du Tapir pinchaque. Rev.Suisse Zool. (76):
211-256.

Schiller, A. 1915. Das relief der agmina peyeri bei Tapirus americanus. Anatomischer
Anzeiger 48: 54-59.
anatomy.

Schinz, H. R. 1937. Ossifikationsstudien beim neugeborenen schwein und beim
neugeborenen tapir. Mitteilungen der Naturforschenden Gesellschaft in Zurich 82: 21-44.
anatomy/musculoskeletal.

Schnieder, H. J., W. Franz, F. Audort, and A. Jacob. 1986. Erkrankungen Zootiere. Zur
operativen behandlung einer mandibulafraktur durch osteosynthese bei einem
flachlandtapir (Tapirus terrestris) [Medical treatment of a mandibular fracture through
osteosynthesis in a lowland tapir]., 195-199.

surgery/musculoskeletal.

Schnurrbusch, U., C. Schonborn, and K. Elze. 1976. Erkrankungen der Zootiere.
Verhandlungsbericht des X VIIL. Internationalen Symposiums uber die Erkrankungen der
Zootiere vom 16. Juni bis 20. On the therapy of dermatomycoses in zoo animals., 187-189.
fungal disease/dermatology/microsporum canis.

Schnurrbusch, U., C. Schonborn, S. Seifert, and K. Elze. 1972. Proceedings of the XIVth
International Symposium on the Diseases of Zoo Animals, 14-18 June,1972 in Wroclaw.:
Erkrankungen der Zootiere. Griseofulvin treatment of a Microsporum canis infection in a
mountain tapir (Tapirus pinchaque), 251-255.

A fully grown mountain tapir, on arrival in E. Germany by air from Ecuador, was found to
have many nearly hairless patches on the skin of the shoulder, breast, flanks, and back from
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which Microsporum canis was isolated. The condition was cured by griseofulvin
administration in the feed within 50 days.
microsporum canis/fungal disease/dermatology.

Schoch, R. M. 1984. Two unusual specimens of helaletes in the Yale Peabody Museum
Collections and some comments on the ancestry of the tapiridae perissodactyla mammalia.
Postilla 0 (193): 1-20.

taxonomy.

Schonborn, C., S. Seifert, W. Braun, and H. Schmoranzer. 1971. Studies of cutaneous fungi
of zoo animals. Zoologische Garten 41 (1-2): 7-25.
fungal disease/dermatology.

Schryver, H. F., T. J. Foose, J. Williams, and H. F. Hintz. 1975. Calcium excretion in feces
of ungulates. Comparative Biochemisty and Physiology 74: 375-379.
nutrition/gastrointestinal.

---. 1983. Calcium excretion in feces of ungulates. Comp. Biochem. Physiol. T4A (2):
375-379.
gastrointestinal.

Schurer, U. 1976. Behavior at birth of T. terrestris. Zoologische Garten 46 (4-5): 367-370.
neonatology/management.

Seidel, B., H. D. Schroder, and G. Strauss. 1981. Erkrankungen der Zootiere.
Verhandlungsbericht des XXIII. Internationalen Symposiums uber die Erkrankungen der
Zootiere, 24-28 Juni, 1981, in Halle/Saale. Immobilization and anaesthesia of Tapir
(Tapiridae)., R.Ippen and H.D. Schroder., 277-285.

A tabulated account is given of relevant literature, before findings are presented which were
obtained by the authors, in ten instances, from anesthesia of Malayan tapirs (Tapirus
indicus). Combinations of tranquilizers with morphine derivatives proved to be highly
favourable for their reversibility.

anesthesia.

Selbitz, H. J., K. Elze, and K. F. Schuppel. 1982. Erkrankungen der Zootiere.
Verhandlungsbericht des XXIV. Internationalen Symposiums uber die Erkrankungen der
Zootiere vom 19. Mai bis 23. Case report of disease in young lowland tapir. (Tapirus
terrestris). [Salmonellosis with secondary pulmonary candidiasis]., 65-68.

A newborn male lowland tapir (Tapirus terrestris) fell sick with salmonellosis and died ten
days after birth, in spite of intensive treatment. Secondary pulmonary mycosis caused by
Candida albicans had probably been the cause of death.
salmonellosis/candidiasis/neonatology/respiratory/bacterial disease/gastrointestinal.

Simpson, G. G. 1945. Notes on Pleistocene and Recent tapirs. Bulletin of the American
Museum of Natural History 86: 33-82.
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taxonomy.
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biology/taxonomy.

Simpson, g. G. 1941. Some Carib Indian mammal names. American Museum Novitates
1119: 1-10.
natural history.

Simpson, G. G., and C. D. Couto. 1981. Fossil mammals from the cenozoic of Acre Brazil
3. Pleistocene Edenata pilosa proboscidea sirenia perissodactyla and artiodactyla. Iheringia
Serie Geologia 0 (6): 11-74.

taxonomy.

Smielowski, J. 1987. Albinism in the blue bull or nilgai, Boselaphus tragocamelus
(Pallas,1766). J Bombay Nat Hist Soc 84 (2): 427-429.
biology.

---. 1979. Births of white American tapirs. International Zoo News 26 (3): 10-15.
biology.

Sontag, W. A. 1974. Beobachtungen an gemeinsam gehalten Flachlandtapiren (Tapirus
terrestris) und Capybaras (Hydrochoerus hydrochaeris) im Zurcher Zoo. Der Zoologische
Garten (Leipzig) 44: 317-323.

Sontag, W. A. ,. Jr. 1974. Beobachtungen an gemeinsam gehaltenen flachlandtapiren
(Tapirus terrestris) und capybara (Hydrochoerus hydrochaeris) in Zurcher Zoo.
Zoologische Garten 50: 83-88.

Souza, W. M., M. A. Miglino, and L. J. A. Didio. 1988. Topography of blood vessels in the
hilum of the kidney in Tapirus americanus. Folia Anatomica Univeritatis Conimbrigensis
(Coimbra) 50 (83-88):

anatomy/renal.

Starzynski, W. 1965. Cholelithiasis in an American tapir (T. ferrestris). Int. Zoo Yearbook
(5): 195-196.
cholelithiasis/gastrointestinal.

Stummer, M. 1971. Wolltapire, T. pinchaque in Ecuador. Der Zool. Garten,Lpz. 40 (3):
148-159.
biology.

Svobodnik, J. 1973. Use of Stresnil and Immobilon in Tapirus indicus. Veterinarstvi 23
(11): 519-520.
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anesthesia.

Tapir Research Institute. 1971. Results of a survey of captive tapirs taken by the Tapir
Research Institute, between July of 1970 and March of 1971. Tapir Research Institute,
Claremont California 22pp.

husbandry.

Terwilleger, V. J. 1978. Natural History of Baird's tapir on Barro Colorado Island, Panama
Canal Zoo. Biotropica 10 (3): 211-220.
biology/nutrition.

Thom, W. S. 1936. The Malay tapir. J.Bombay Nat.Hist.Soc. 38 (3): 479-483.
biology.

Timm, R. M., D. E. Wilson, B. L. Clauson, R. K. LaVal, and C. S. Vaughan. 1989.
Mammals of the La Selva-Braulio Carrillo Complex, Costa Rica. N. Am. Fauna. U.S. Fish
and Wildlife Service. U.S. Fish and Wildlife Service, Washington, D.C.

fauna guide.

biology.

Tomes, J. 1851. On the structure of the teeth of the American and Indian tapirs.
Proceedings of the Zoological Society of London 1851: 121-124.
anatomy.

Tonni, E. P. 1992. Tapirus brisson 1762 mammalia perissodactyla in the Lujanian upper
pleistocene-lower holocene of the Entre Rios Province Argentine Republic. Ameghiniana
29 (1): 3-8.

taxonomy.

Turner, H. N. 1850. Contributions to the anatomy of the tapir. Proceedings of the
Zoological Society of London 1850: 102-106.
anatomy.

Ubilla, M. 1983. On the presence of fossil tapirs in Uruguay mammalia perissodactyla
tapiridae. Rev.Fac.Humanid Cienc.Ser.Cienc.Tierra 1 (3): 85-102.
taxonomy.

Urbain, A., J. Nouvel, and P. Bullier. 1943. Tuberculose et osteopathie hypertrophiante
chey un tapir americain. Bull. Acad. Veter. de France 132:
respiratory/tuberculosis/bacterial disease.

Vickers, W. 1984. The faunal components of lowland south american hunting kills.

Interciencia 9 (6): 366-376.
natural history/conservation.
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Vickers, W. T. 1991. Hunting yields and game composition over ten years in an Amazon
indian territory. Neotropical Wildlife Use and Conservation. eds. J. G. Robinson, and K. H.
Redford, 53-81.

biology/conservation/natural history.

Von Richter, W. 1966. Investigations on the inherent behavior of the Malayan tapir
(T.indicus) and of the South American tapir (7. terrestris). Zool. Beitrage (12): 67-159.
behavior/biology.

Vroege, C., and P. Zwart. 1972. Babesiasis in a Malayan tapir (Tapirus indicus Desmarest,
1819). Zeitschrift fur Parasitenkunde 40 (2): 177-179.
babesiasis/parasitology/protozoa/hematology.

Waerebeke, D. v., A. G. Chabaud, and G. V. W. D. ). Anthony. 1988. Probstmayria tapiri
sp. nov., a nematode parasitic in a New World tapir. Bulletin du Museum National
d'Histoire Naturelle, A.(Zoologie,Biologie et Ecologie Animales) 10 (1): 3-8.

P. tapiri sp. nov. found in the caecum of a Tapirus terrestris in the Regina region , French
Guiana, is described and figured. It is characterized by unequal spicules (64 and 43 microm
for the right and left spicules respectively) and fairly large (23 micron) asymmetrical
gubernaculum, which distinguish it from the 6 valid species in the genus. It is the first
known Neotropical member of Probstmayria. This genus, as well as the closely related
Fitzsimmonsnema, is parasitic in phylogenically distant groups of vertebrates with the
common trait of possessing a voluminous gut. Probstmayria is considered to be a very
ancient group, since the parasite of tapir descreibed here must have been isolated at least
from the Paleocene era, and is remarkable in its morphological and biological homogeneity.
probstmayria tapiri/parasitology.

Wall, W. P. 1983. The correlation between high limb-bone density and aquatic habits in
recent mammals. Journal of Paleontology 57 (2): 197-207.
biology/musculoskeletal/anatomy.

Wallach, J. D., and W. J. Boever. 1983. Perissodactyla (equids, tapirs, rhinos), Proboscidae
(elephants), and Hippopotamidae (hippopotamus). W.B. Saunders ed. 761-829.
management/veterinary medicine, general.

Whitaker, J. O. ,., and R. E. Mumford. 1977. Records of ectoparasites from Brazilian
mammals. Entomological News 88 (9/10): 255-258.
parasitology/biology.

Whitehead, M. P., and R. Lock. 1988. Captive management of the Malayan tapir (Tapirus
indicus) at Twycross Zoo. Proceedings of a double symposium organised jointly by the
Association of British Wild Animal Keepers and Marwell Zoological Society, 24-31. 1988.
management/husbandry.
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Williams, K. D. 1978. Aspects of the Ecology and Behavior of the Malayan Tapir
(T.indicus) in the National Park of West Malaysia. Ph.D. diss., Michigan State University.
behavior/biology. ‘

---. 1984. The Central American tapir (Tapirus bairdii Gill) in northwestern Costa Rica.
Dissertation Abstracts International, B ( Sciences and Engineering ) 45 (4): 1075.

Studies on tapirs in the Santa Rosa National Park in 1981-1983 indicated that they
preferred multi-layered forest containing mature evergreen trees, woody shrubs and
saplings in the understorey and patches of dense cover for dattime retreat, all located near
permanent water. The seeds and fruit parts of 33 species were identified in tapir dung. In
studies with the seeds of 6 species, 4 showed improved germination potential after passing
through the gut of the tapir.

biology/behavior/nutrition.

--. 1979. Radio-tracking tapirs in the primary rain forest of West Malaysia. Malayan Nature
Journal 32 (3/4): 253-258.

Three tapris were radio-collared and tracked both from the air and the ground in dense rain
forest. Radio waves, near 154 KHz, were severely attenuated and this limited reception
distances of supplied transmitters to less than 6 miles when tracking from the air and to less
than 1.5 miles from ground stations. Effective seaarch distances from ground stations,
however, usually were less than 0.5 miles. Receiving antennas at ground stations had to be
held in the horizontal plane. The home range of one male was 4.9 mi2 and overlapped the
home ranges of several other tapirs.

radio-tracking/biology.

Williams, K. 1991. Super snoots. Wildlife Conservation 94 (4): 70-75.
Conservation/biology.

Williams, K. D. 1979. Trapping and immobilization of the Malayan tapir in West Malaysia.
Malayan Nat. J. 33 (2): 117-122.
anesthesia/biology/trapping.

Williams, K. D., and G. A. Petrides. 1980. Browse use,feeding behaviour, and management
of the Malayan tapir. Journal of Wildlife Management 44 (2): 489-494.

In the rainforest study area within the Taman Negara Park in the north-central part of the
Malay Peninsula more than 115 species of 70 genera in 40 plant families were found to
have been browsed by the rare Malayan tapir (Tapirus indicus). The families Euphorbiacea
and Rubiaceae included 42% of species taken. Feeding activities were not concentrated in
particular localities although most browsing occurred in mesic or hydric areas. The stems of
plants browsed by tapirs were usually less than 2.7 cm in diameter. In addition to woody
forage young leaves of some herbaceous plants were also eaten. For 46 species of food
plants of tapirs which were studied, over 75% of the available forage from 27 species was
eaten and these were considered to be the most highly preferred foods. Analysis of faecal
samples indicated that forages were only coarsely chewed and fruit parts and seeds were
usually present; fruits of woody plants were taken from the forest floor. It is suggested that
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tapirs prefer primary to secondary forest and it is possible that tapirs may not be able to
survive where primary rain forests are being felled.
nutrition/biology/management/behavior.

Wilson, R., and S. Wilson. 1973. Diet of Captive tapirs. Int. Zoo.Yearbook (13): 213.
nutrition/management.

Wissdorf, H., and G. Kristinsson. 1986. Anatomy of the reproductive organs of a 5-year-old
non-pregnant tapir. Praktische Tierarzt 67 (1): 20,23-25.
anatomy/reproduction.

Wissdorf, H., and H. D. Schroder. 1983. Erkrankungen der Zootiere. Verhandlungsbericht
des 25. Internationalen Symposiums uber die Erkrankungen der Zootiere vom 11. Mai bis
15. Mai 1983 in Wien. Radiography of airs sacs in the tapir., R. Ippen, and H. D. Schroder,
385-387.

radiography/anatomy/respiratory.

Wolska, M., and H. Piechaczek. 1970. Some intestinal ciliates from american tapir.
Acta.Protozool. (7): 221-227.
gastrointestinal/parasitology/protozoa.

Yamini, B., T. W. (. V. T. W. S. Schillhorn van Veen, and T. W. S. v. Veen. 1988.
Schistosomiasis and nutritional myopathy in a Brazilian Tapir (Tapirus terrestrzs) Journal
of Wildlife Diseases 24 (4): 703-707.

Gross lesions suggestive of severe hepatoenteropathy and myopathy were noted in a
4.5-yr-old Brazilian tapir from a zoo in Michigan. The major microscopic lesions were

- granulomatous hepatitis and haemorrhagic enteritis associated with non-operculated eggs

compatible with those of the Schistosomatidae (probably Heterobilharzia americana).
Skeletal muscle and tongue contained foci of severe acute myodegeneration and necrosis.
The hepatic vitamin E value of 1.3 ppm dry weight was considered critically low.
schistosomiasis/myopathy/parasitology/nutrition/gastrointestinal.

Yin, T. U. 1967. Malayan Tapir. The Wild Animals of Burma. 147-148.
biology.

Young, W. A. 1961. Rearing an American tapir (7. terrestris). Int.Zoo Yearbook (3):94-95.
neonatology/management.
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Hoja Para Colecta de Datos

Fecha :
*Sobre la persona que llena el formulario:

Nombre:
Ocupacioén y lugar de residencia:

*Sobre el reporte en si:

Tipo de reporte:

[ observacidn directa del animal

(1 huellas (pocos rastros)

4 trillo (hecho con muchos rastros)

(1 heces

(1 huesos (tipo: )

1 lugar de estancia (“dormidero” o “comedero”)
Que estaba comiendo?:

(O llamados (“silbidos™)

(d marcas en corteza

1 ejemplar cazado

Localidad precisa donde sucedio lo que se reporta:
Corregimiento:
Provincia:

Condiciones de la vegetacion en esa localidad particular:

*Sobre el Animal:

Sexo:
Edad aproximada: cria con pintas en el cuerpo
(] juvenil (sin pintas)
Q Adulto
Estado reproductor (si es hembra) (J mamas “normales” (pequenas)

[ mamas “crecidas”
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*Sobre la persona que brinda la informacion:

Nombre:

Ocupacion: [ campesino
(1 Indigena
1 agricultor
(1 ganadero
(O Funcionario (Guardaparque, etc)
(d Maderero

[ otro (especifique)

Lugar exacto donde reside:

Observaciones:
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Tapir Necropsy Protocol

Compiled by Dr. Bruce Rideout
Pathology Department
San Diego Zoo

ANATOMICAL NOTES
The internal anatomy of the tapir is analogous to the domestic horse and other perissodactyla.

1. Guttural Pouches: The guttural pouches of the tapir are similar to those of the horse. They
are located in the pharyngeal region, lateral tot he hyoid bones and are best evaluated after
the tongue and trachea (pluck) have been removed. Both guttural pouches should be
examined for the presence of exudates, concretions, etc. Bacterial cultures of any exudates
should be obtained.

2.  Testes: The testes are in the inguinal canals, which are located in the subcutaneous tissues
on either side of the penis.

3. Gallbladder: Tapirs lack a gallbladder.

4.  Stomach: The squamous portion of the stomach is small and is located in the cardia (near
the gastroesophageal junction). Samples of the squamous and glandular portions of the
stomach should be collected for histopathology.

5.  Kidneys: The kidneys are like the horse (not lobulated). The adrenal glands are closely
associated with the kidneys.

6.  Pleura: The normal parietal and visceral pleura can be thick and prominent, but only the
Malayan tapirs should have adhesions between the lung and chest wall (as in the elephant).

RESEARCH REQUESTS

1. Approximately 100g of liver and 10ml of serum (frozen at -20 or -70°C) for copper analysis.
Dr. Don Janssen, San Diego Zoo, 1354 Old Globe Way, San Diego, CA 92103 (619) 231-
1515, ext 3933.

2. If active skin lesions are present on the dorsum, two skin biopsies should be obtained; one to
be placed in formalin and the other in Micheles medium. The samples may then be shipped
overnight (at room temperature) to Dr. Bruce Rideout, Pathology Dept., San Diego Zoo,
1354 Old Globe Way, San Diego, CA 92103 (619) 231-1515, ext. 4535.
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Conduct a complete necropsy: ANY LESIONS should be cultured (aerobic and anaerobic
bacterial cultures and fungal cultures) before they are contaminated, and samples of lesions
should be saved frozen (at -20° or -70°C). MAKE SURE SAMPLES FROM ALL
LESIONS ARE SAVED FOR HISTOPATHOLOGY.

TISSUE CHECKLIST: All of the following tissues may be placed together in a single container
of 10% neutral buffered formalin-THE VOLUME OF FORMALIN SHOULD BE AT
LEAST 10 TIMES THE TOTAL VOLUME OF THE TISSUES COLLECTED. Tissues
should be no thicker than 0.5cm and need be no larger than 2cm X 2cm.

Skin (from dorsum) Large colon
Muscle (medial thigh, with sciatic nerve) Small colon
Tongue Lymph node (peripheral and mesenteric)
Guttural pouches Liver

Trachea Adrenal
Thyroid/Parathyroid Gonad

Thymus Uterus

Lung Pancreas

Heart Spleen

Aorta Kidney
Salivary gland Urinary Bladder
Esophagus Pituitary
Stomach (squamous and glandular) Cerebrum
Duodenum Cerebellum
Jejunum Eye

Cecum

NEONATES: For neonate animals be sure to:
1. Get a piece of the UMBILICUS with surrounding skin (obtain bacterial cultures of
there is evidence of infection).
2. Examine the FEET in new/still-born animals for evidence of wear (indicating whether
they were able to stand and walk).

3. Note the size of the thymus (cranial to the heart).

4. Examine the STOMACH and intestinal content for evidence of nursing.

5. Examine the LUNGS carefully and evaluate degree of inflation (NOTE whether
sections of lung float in formalin).

6. Note whether there is MECONIUM in the colon/rectum.

7. Check carefully for evidence of congenital deformities.
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NECROPSY FINDINGS

Identification Number/Name: Necropsy Number:

ISIS Number: - Weight:

Studbook Number: Institution:

Date of Death/Euthenasia: Time of Death/Euthenasia:
Date of Necropsy: Time of Necropsy:

Age/Birth Date: Date of Acquisition:

History (include copy of medical record of possible):

GENERAL.:
Degree of Autolysis:
Nutritional Condition:

SKIN AND PELAGE (NOTE amount of subcutaneous adipose):

BODY ORIFICES:

BODY CAVITIES:
Thorax:

Abdomen:

CARDIOVASCULAR SYSTEM (NOTE amount of coronary groove adipose):

RESPIRATORY SYSTEM (Guttural pouches, Trachea, Bronchi, Lungs):
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DIGESTIVE SYSTEM (teeth, Gingiva, Tongue, Esophagus, Stomach, Intestines, Liver,
Pancreas; NOTE any abnormal content or fecal consistency):

HEMATOPOIETIC SYSTEM (Lymph Nodes, Spleen, Thymus, Bone Marrow):

GENITOURINARY SYSTEM (Kidneys, Ureters, Urinary Bladder, Testes/Ovaries, Uterus,
Mammary Gland):

MUSCULOSKELETAL SYSTEM:

NERVOUS SYSTEM:

ENDOCRINE SYSTEM (Thyroids/Parathyroids, Pituitary, Adrenal):

SPECIAL SENSES (Eyes, Ears):
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ABORTIONS AND STILLBIRTHS
Abortions and stillbirths are relatively common problems in tapirs. In order to maximize
diagnostic success in these cases, the following protocol should be followed whenever possible.
Samples should be submitted to the pathology and microbiology laboratories normally utilized by
the institution housing the animal(s).
PLACENTA:
1. Carefully examine the placenta and obtain cultures for bacteria (aerobic and anaerobic) and
fungi. Note any areas of discoloration, exudation, or necrosis. Tapirs have diffuse placentation.
Look for avillous areas (there should be none).
2. Measure the length and diameter of the placenta (tapir placentas reportedly only occupy one
horn of the uterus; the shape of the placenta should therefore be a simple tube). These

measurements are important for documenting placental insufficiency.

3. Check the placenta for completeness (an incomplete placenta could indicate partial placental
retention in the dam, which can be fatal).

4. Measure the length of the umbilical cord and note where the cord attaches to the placenta.

5. Obtain representative sections of the placenta and umbilical cord for histopathology (formalin
fixation) and freezing (-20° or -70°C).

FETUS:

1. Estimate stage of gestation (first, second, or third trimester) and degree of autolysis.

2. Obtain weight and crown-rump length.

3. Examine carefully for evidence of congenital deformities and note overall nutritional
condition. Describe and obtain samples of any fluid in the body cavities.

4. Collect stomach contents (1-3cc) in a sterile syringe for bacterial culture (aerobic and
anaerobic) and cytology (to look for bacteria and inflammatory cells).

5. Collect a complete set of tissues for histopathology (see adult necropsy protocol). MINIMUM
TISSUE REQUIREMENT: lung, liver, kidney, spleen, brain, and lymph node.

6. Collect 25-100g each of lung, live, kidney and spleen for freezing.

Baird’s Tapir PHV A Report 171



172 Baird’s Tapir PHV A Report



EVALUACION DE VIABILIDAD DE POBLACION Y HABITAT
DEL MACHO DE MONTE (Tapirus bairdi)

POPULATION AND HABITAT VIABILITY ASSESSMENT
FOR BAIRD'S TAPIR (Tapirus bairdi)

Panama City, Panama
1-3 de Diciembre de 1994

Section 12
Referencia Técnica de VORTEX
VORTEX Technical Reference




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

