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PREFACIO

Los bosques montanos ocupan un lugar muy importante en la biogeografia del Perd. Mucho
del cardcter {inico de la flora y fauna peruana estd concentrado en la regi6n andina, tanto cn las
vertientes orientales como en las occidentales, Si bien las comunidades naturales de Ia selva
baja de la cuenca amazénica son taxonémicamente las mAs ricas, muchas de sus especies de
plantas y animales tienen distribuciones amplias que sc extienden a los pafscs vecinos. Por
esta razén, se puede decir que las especies de-1a selva baja peruana son menos caracteristicas
del Perd y que por ocupar drcas grandes, estdn expuestas a menos amenazas.

Las barreras biogeogréficas resultantes de la topografia compleja y de la accién erosiva de
los rios en varios lugares en la cordillera oricntal, han favorecido la evolucién de endemismos
en numerosos grupos de plantas y animales. Muchas especies de los bosques montanos estdn
limitadas a distribuciones angostas, frecuentemente circunscritas ain més, por la pendicnte del
terreno,  Por ejemplo, varias especies de aves estdn restringidas a rangos altitudinales do
apenas 500 metros. En dreas donde la pendiente es muy marcada, la amplitud altitudinal de una
especie puede abarcar los territorios de s6lo algunas parejas. En estas especies, su distribucion
se asemeja a una cinta angosta que ondulante recorre guebradas y colinas por cientos o milcs
de kilémetros a lo largo de la cordillera oriental. Estas distribuciones son esencialmente de una
sola dimensi6n, y son extremadamente vulnerables a fragmentarse debido a las actividades
humanas. La situaci6n de la cordillera occidental es atin mds precaria, ya que sus bosques son
naturalmente fragmentados. La creciente advertencia de los cientificos sobre 1a vulnerabilidad
de las especies de la flora y fauna montana del Perd, fue en parte lo que motivé la realizacién
del simposio de setiembre de 1991 ¢n el Museo de Historia Natural. El presente volumen se
basa en los trabajos presentados en dicho simposio.

Los capitulos presentan una sintesis impresionante del conocimiento acumulado mayormen-
te en los dltimos treinta afios. Mirando en retrospectiva hasta los afios 1960, es notable el
progreso alcanzado en una generacién. Durante este periodo, el nimero de cientificos investi-
gando activamente la flora y fauna del Perd se ha multiplicado y mucho se ha publicado sobre
los bosques montanos. Tanto peruanos como extranjeros han participado en igual medida a
incrementar este creciente conocimiento. Una fuerie tendencia a la colaboracion internacional
es evidente en este volumen. ;Qué mejor evidencia podria haber, para mostrar los bencficios
mutuos de la colaboracién cientifica?

Muchos capitulos proveen ilustraciones de como la ciencia avanza. Al nivel méds funda-
mental estd la expansién del conocimiento biogeografico, incluyendo el registro bésico de
dénde existen las plantas y animales de la biota peruana. Algunos autores ofrecen una sinopsis
de la informacién existente sobre varios grupos de organismos, incluyendo las aves, mamife-
ros, peces, arafias y plantas vasculares. De los capitulos se deduce que la disponibilidad de una
informacion biogeografica perfeccionada, permite un mejor entendimicnto del rol de las barreras
naturales en el proceso de especiacion. Un beneficio auxiliar de la exploracién bioldgica es la
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A LA MEMORIA DE DAVID N. SMITH
por

ISIDORO SANCHEZ VEGA
Herbario CPUN, Universidad Nacional de Cajamarca
Apartado No. 16, Cajamarca, Perii.

El Dr. David N. Smith falleci6 el 7 de febrero de 1991, pocos meses antes del simposio que
dio lugar a esta publicaci6n, en el que hubiera presentado un trabajo sobre la flora y vegetacién
de Parque Nacional del Huascaran,

David Smith naci6 en Portland, Oregon, Estados Unidos, el 10 de noviembre de 1945, En
€l afio 1974 se gradu6 de Bachiller en Ciencias en Ia Universidad de Montana. Desde enton-
ces, su formacién académica en silvicultura lo predestinG desarrollar sus actividades en el
campo.

La labor de David Smith en el Peni comienza en 1973, antes de su graduacién como
Bachiller. En su condicién de miembro del Cuverpo de Paz, organizacion de su pais natal, es
autorizado por 1a Divisién de Forestal y Fauna del Ministerio de Agricultura del Pers, para
realizar actividades relacionadas con su formacién académica en la Provincia de Huamachuco,
departamento de La Libertad. Probablemente aqui se acrecienta su vocacién por investigar la
vida silvestre. Segin sus expresiones, la diversidad de ambientes y la riqueza floristica de
nuestro territorio alentaron su interés por contribuir al conocimiento de la Flora Peruana; pero
ademds, s¢ relacion6 e identificé con los esfuerzos de la comunidad botdnica peruana en
similares objetivos.

Un intervalo de ocho afios (1975-1982), transcurrido en Guatemala ¥ su pais de origen, fue
necesario para retomar su interés por el PerG. En 1982 vuelve a nuestro pais como Investigador
Asociado del Proyecto Flora del Peni, que desde 1975 habfan revitalizado el Field Museum y
el Missouri Botanical Garden. Esta vez fue para permanecer cuatro afios, los primeros dos
dedicados a explorar el territorio peruano con singular tesén. Durante largos viajes, herborizé
muchos especimenes botdnicos, principalmente en la Ceja de Selva de los departamentos de
Amazonas, Junin, Pasco y San Martin (Tabla 1). Los dos afios siguientes los dedicé a colectar
muesiras en el extenso, hermoso ¢ inhdspito territorio del Parque Nacional del Huascardn, Las
colecciones de este witimo sirvieron para hacer realidad su proyectada tesis y permitirie obtener
el grado académico de Doctor en Filosoffa (Ph.D.), que obtuvo en Ia Universidad de Iowa, en
1988, con una disertacion sobre "Flora y Vegetacion del Parque Nacional del Huascardn,
Ancash, Perd, con Estudios Preliminares para un Manual de la Flora".

Muchos de los duplicados de sus importantes colecciones han sido depositados en herbarios
nacionales por propia voluntad, constituyendo evidente testimonio de su obra en el Pert. Esta
se evidencia también en varias publicaciones sobre la Flora Peruana (Tabla 2), y diversas
conferencias en seminarios y congresos dentro del pais. Sus recomendaciones para acelerar el
estudio de 1a Flora Peruana, asf como sus tesonera labor en el campo, constituyen un aporte que
debe impulsamos a continuar su obra.
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Su prolongada permanencia en nuestro pais le permitid cultivar muchas amistades entre
botanicos y técnicos de los herbarios pervanos. Por esta razén, bien pucede afirmarse que a €l
nos unfa una amistad verdaderamente fraterna, cultivada en el Ambito de las actividades boténicas
y familiares. Personalmente, siento mucha satisfaccién por haber tenido el honor de conocerlo.
Después de frecuentes reuniones con su distinguida persona, puedo asegurar que una de sus
virtuosas cualidades fue ofrecer su amistad con sencillez e integridad. Al calor de ésta,
impartfa sin menoscabo los conocimientos adquiridos en largas exploraciones botinicas.

Aquella fina amistad también involucrd a los miembros de mi familia, y su presencia entre
nosotros era ya familiar, Como un miembro de casa, solia compartir nuestra mesa, a la cual le
otorgaba una alegria singular. En una oportunidad, por la tarde, esperdbamos ¢n el comedor el
agua para tomar el café; ante la demora, se acerco a la cocina, destaps el tacho de agua, mirG y
dijo: "Olla mirada nunca hierve". Esta frase desaté la risa entre nosotros y lo recordamos con
frecuencia por su singular sentido del humor. '

En el trabajo de coleccion demostrd su vocacién por recoger de la naturaleza la mayor y
més precisa informacién ccogeogrifica sobre los cjemplares colectados. Buenas y abundantes
muestras, asi como una meditada informacién morfoldgica acerca del material colectado, re-
gocijaban su espiritu. Met6dico desde la planificacién de 1a expedicion, verificaba con toda
minuciosidad el equipo y material necesarios para ¢l trabajo de campo. Lra muy entusiasta ¢
impulsivo al enfrentar las dificultades de los caminos y los mdltiples inconvenientes para
recoger una muestra; de tal manera, sus propésitos exploratorios y de herborizacion siempre
resultaban exitosos. :

Para €l no habia horario durante la coleccion. Su renovador método de herborizar, aunque
muy laborioso, ticne la ventaja de reducir riesgos de deterioro.  Por esta razén, en el dia se
colectaban los especimencs y en las primeras horas de la noche se preparaban el matcriaf,
embebiéndolo en alcohol al interior de una bolsa de polietileno.

A pesar que David Smith no ejercié en el Peni funcién académica escolarizada, se comporté
como un verdadero maestro y amigo. Esta accidn de gran significado y efectos desencadenantes
en la formaci6n de cientificos dentro del pais, s¢ vio facilitada por su excepcional dominio del
idioma castellano y por su innata vocacién de transmisor de conocimientos. Con apropiada
metodologia, el Dr, Smith ensefiaba durante las colecciones, en el herbario, en sus magistrales
conferencias, y ain en la elocuente interlocucién con sus amigos. Su comunicacidn cpistolar
— que guardo en ¢l archivo del herbaric CPUN — y aquella relacionada con sus métodos de
ensefiar, estuvieron lenas de atractivos € innovadores conocimientos, que reiteraban su afdn
para investigar la Flora Peruana. _

Otra caracteristica de la personalidad de David Smith fue su natural generosidad. Particu-
larmente, el herbario de la Universidad Nacional de Cajamarca, al que represento, expresa su
reconocimiento por tan valiosas y trascendentales donaciones, que han permitido perfeccionar
las técnicas de trabajo, incrementar la bibliografia y ampliar ¢l drea geografica de los especimenes
depositados en nucstra institucion. Sus donaciones en favor del herbaric CPUN — aproxima-
damente 2000 especimenes procedentes del Parque Nacional del Huascardn — son consultadas
frecuentemente, para comparar los taxa de jalca con los del drea vecina de puna. Considero que
esta generosidad ha tenido similares magnitudes en otros herbarios del Peni, como el de la
Universidad Nacional de Trujillo, donde con frecuencia he observado duplicados de sus colec-
ciones, y ¢l Herbario San Marcos.

En sintesis, la trayectoria de David Smith en ¢l Peni ha sido muy importante. Por ello, este
homenaje gue valora su obra debe tener también la intencién de comprometernos como sus
seguidores, guiados por su digno ejemplo y nobles inquictudes.
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Al término de su programa de investigacion en el Peni, David Smith retorma a su tierra
matal, donde ocupa cargos académicos y de investigacion en la Universidad de Towa, y en el
Missouri Botanical Garden. Justamente cuando ocupaba el cargo de Curador Asistente en esta
dltima institucion, decide regresar a Sudamérica, pero esta vez con destino a Bolivia. Colabo-
mndo en dicho pais como Investigador Principal del Proyecto Flora Arbérea de la Sierra de
Pil6n Lajas, departamento del Beni, una fatal enfermedad trunca sus mds valiosos anhelos
cientificos, provocando su lamentable deceso.

David Smith era uno de los indispensables ponentes en este simposio. Por ello, considero
may justo ofrecerle este postumo homenaje en nuestro pafs, porque en €l ubicamos al amigo y
colega en el pindculo de los hombres que vinieron desde tierras muy lejanas y amigas, para
ofrecernos con entusiasmo su formacién académica y profesional.

Dr. Smith, en nombre de la comunidad cientifica peruana, tengo la ineludible obligacién de
expresarie nuestro sincero reconocimiento por sus valiosos aportes cientificos, en beneficio del
conocimiento de la Flora Nacional, reiterAndole el adids con mucha nostalgia y dolor.

Tabla 1. Las colecciones botdnicas de David N. Smith, realizadas en ¢l Peru.

Fecha Departamentos Numeros de coleccidn
1982

abril Ucayali, Hudnuco 1158-1341
mayo Junin, Lima, Pasco 1342-1628
junio Junin, Pasco 1629-2132
julio Huénuco, San Martin 21332211
agosto La Libertad 2212-2356
setiembre Junin, Lima, Pasco 2357-2448
octubre Junin, Pasco 2449-2659
noviembre Junin, Pasco 2660-2814
diciembre Pasco 2815-2971
1983

enero Junin, Lima, Pasco 2972-3147
febrero Ancash, Cajamarca, La Libertad, Pasco 3148-3633
abril Pasco 3634-3929
mayo Junin, Pasco 39304072
junio Pasco 4073-4219
julio Amazonas, Cajamarca, La Libertad 4220-4339
agosto Amazonas, San Martin 4340-5050
setiembre Cajamarca, Junin, Pasco 5052-5160
diciembre Junin, Pasco 5161-5420
1984

enero Junin, Lima, Pasco 5480-5958
febrero Amazonas, Cajamarca, San Martin 5959-6264
marzo Junin, Lima, Pasco 6265-6623
abril Junin, Pasco, Ucayali 6624-6542
mayo Amazonas, Cajamarca, La Libertad, Lima, Pasco 6943-7235
junio Cajamarca 7236-7566
julio Ancash, Pasco 7567-8314
setiembre Pasco 8315-8723
diciembre Ancash 8724-3916
1985

€0ero-marzo Ancash 8917-10075
marzo Tumbes 10076-10107
marzo-octubre Ancash 10108-11715
1986

marzo-diciembre Asncash 11716-12751
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INTRODUCCION: LOS BOSQUES MONTANOS DEL PERU
por

KENNETH R. YOUNG
- Department of Geography, University of Colorado,
Boulder, CO 80309, U.S.A.

y

NIELS VALENCIA
Museo de Historia Natural,
Universidad Nacional Mayer de San Marcos,
Apartado 14-0434, Lima-14, Perii

En la actualidad, los estudios y la conscrvacion de la biota de los bosques tropicales reciben
mmportante atencién en ¢l debate cientifico, pablico y politico. Asi mismo, su alta diversidad de
especies, y sus llamativos componentes faunisticos y floristicos, hacen que tos mayores esfuerzos
de investigacion y financiacién sean dedicados a esta zona. Sin embargo, hay una interpretacion
simplista del concepto de bosque tropical. Generalmente, éste se entiende como el conjunto de
bosques himedos de 4dreas bajas, que en el Pert estdn distribuidos en la denominada "selva
baja”, dejando de lado a un sinnimero de otros tipos de vegelacién arbérea, existentes en
lugares de mayor altitud, que constituyen los bosques tropicales de altura. Estos bosques, que
cmpiezan en las primeras estribaciones de los Andes y llegan a considerables altitudes, son
&rcas pobremenie conocidas, y objeto de escasa atencion. Recientemente, se ba encontrado que
estas zonas en América del Sur son tan o0 més diversas que la Amazonia, ¢con mayor nimero de
especies endémicas, y que requieren urgentes medidas para su investigacién y proteccion.
Henderson ef al. (1991) compararon la diversidad de plantas fanerSgamas en los Andes del
norte con la de la Amazonia, concluyendo que aquellos albergan més especies de plantas, a
pesar que su superficie es sélo el 5% del drea amazdnica. Ademas, destacan que mas del 90%
de los Andes nortefios ya han sido deforestados. Mares (1992) realiz6 un andlisis parecido con
los mamiferos sudamericanos, concluyendo que se debe poner mayor énfasis en el estudio y
conservacién de hibilats no representados en la Amazonia. Por ejemplo, 1a zona de bosque
montano tropical y subtropical, que se extiende en la vertiente orienial de los Andes, desde
Venezuela hasia Bolivia, cubre 3.2% de la superficie de América del Sur y contiene 10 ordenes,
31 familias, 128 géneros y 332 especies de mamiferos. Esta superficie equivale s6lo al 10% de
la extensién amazoénica, pero tiene el 76% del mimero total de especies y el 63% del nimero de
especies endémicas.

Definimos como "bosque montano”, a la vegetacion boscosa ubicada por encima de los
1000 m de altitud en el Perd. Este incluye a las formaciones que se encuentran en ambas
vertientes, asf como en las grandes alturas de los Andes, frecuentemente dominadas por espe-
cies de Polylepis. El limite inferior, aunque un tanto arbitrario, se pucde aplicar en general para
los bosques montanos del Perd. Se han adoptado consideraciones climdticas para establecer de



este limite en la vertienie Occidental (Valencia, 1992), mientras en la vertiente oriental su
determinacitn es més dificil. Sin embargo, la mayorfa de autores considera como Iimite infe-
rior una altitud cercana a 1000 m (Gentry, 1992; Young, 1992).

Al norte del Trépico de Capricornio, la Cordillera de los Andes atraviesa seis paises (Chile,
Bolivia, Perd, Ecuador, Colombia y Venezuela), abarcando dreas diferentes en cada uno. En el
Perd se concentra una gran proporcién (40%) de esta 4rea andina tropical, 1o que origina una
enorme diversidad de formas y situaciones topograficas. Es por tal razén que el bosque montano
en ¢l Perd es particularmente extenso y topogrificamente complejo. Sin embargo, a pesar de su
gran drea, y de la elevada proporcion que estos ambientes representan en el pais, los esfuerzos
de investigacidn y €l apoyo econdmico que han recibido son minimos, siendo en la actualidad
uno de los menos conocidos del Per.

Los Andes peruanos presentan los mas extraordinarios gradientes de humedad ¥ precipita-
cién del trépico, desde los desiertos hasta bosques perhdmedos, pasando por un conjunto de
otras formaciones boscosas, tales como los bosques secos, los enanos v nublados. También es
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este limite en la vertiente Occidental {Valencia, 1992), mientras en la vertiente oriental su
determinacién es més dificil. Sin embargo, la mayoria de autores considera como limite infe-
tior una aliitud cercana a 1000 m (Gentry, 1992; Young, 1992).

Al norte del Trépico de Capricornio, la Cordillera de los Andes atraviesa seis paises (Chile,
Bolivia, Perd, Ecuador, Colombia y Venezuela), abarcando 4reas diferentes en cada uno. En el
Perd se concentra una gran proporcién (40%) de esta drea andina tropical, lo que origina una
enorme diversidad de formas y situaciones topograficas. Es por tal razén que el bosque montano
en el Peri es particularmente extenso y topograficamente complejo, Sin embargo, a pesar de su
gran area, y de Ia elevada proporcién que estos ambientes representan en ¢l pais, 1os esfuerzos
de investigacion y el apoyo econémico que han recibido son minimos, siendo en la actualidad
uno de los menos conocidos del Perd.

Los Andes peruanos presentan los més extraordinarios gradientes de humedad y precipita-
ci6n del wrépico, desde los desiertos hasta bosques perhiimedos, pasando por un conjunto de
otras formacinnes boscosis, tales como 10s bosques secos, los ecnanvs v nublados. También es
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notable el gran rango altitudinal en que se presentan los bosques montanos. Su limite superior
que alcanza los 5000 m (bosques de Polylepis), representa la ocurrencia mds alta de srboles
maturales junto con las coniferas del Himalaya. Ademdés de estas caracteristicas, la gran varie-
dad topogréfica produce un gran nimero de comunidades y alta diversidad de plantas y animales.

Los bosques montanos del Peni se presentan en dos formas de distribucién (Fig. 1): a) los
Bosques Continuos, que ocurren a lo largo de la vertiente oriental y la parte norte de la
vertiente occidental; y b) los Bosques Fragmentados, que ocupan 4reas por encima de 1a linea
de arboles en la ladera oriental, asf como en las partes altas y valles interandinos, ademé4s de en
la vertiente occidental. La distribucion de estos bosques esta regulada por factores complejos y
es caracteristica para cada tipo. (Simpson, 1979; Fjeldsd, 1992; Valencia, 1990, 1992).

Otro aspecto de gran importancia y trascendencia para los bosques montanos es el impacto
ambiental. Los bosques montanos continuos estdn bajo una fuerte presién humana, mediante la
colonizacién desordenada que lleva a la deforestacitn acelerada, asf como otros tipos de impactos
que ésta produce, (al como la erosién que es particularmente severa, debido a que el snelo es
expuesto después de la tala en terrenos de marcada pendiente. Pero, a diferencia de Ecuador y
Colombia, todavia cn el Peni se encuentran grandes zonas de bosque. Por otro lado, a pesar que
los bosques fragmentados, especialmente los altoandinos, han sido influenciados por el hombre
desde hace muchos cientos de afios, ain es posible encontrar dreas con alta diversidad (Gentry,
1977, 1979; Young, 1990; Valencia, 1990, 1992, Dodson & Gentry, 1991; Fjeldsa, 1992).

Con el proposito de presentar el estado actual de los conocimientos sobre 1a distribucién y
diversidad de la biota en los bosques montanos del Penli, y discutir c6mo esta informacién
deberfa tomarse en cuenta para los planes y estrategias de conservacion, se realizé en el Museo
de Historia Natural de 1a Universidad Nacional Mayor de San Marcos, del 2 al 4 de setiembre
de 1991, un simposio sobre Biogeografia, Ecologia y Conservacion del Bosque Montano en el
Perd (Young & Valencia, 1992). Se intentd ofrecer un panorama de los diversos tipos de
estudio que se estin realizando, aun cuando no fue posible cubrir todos los aspectos deseados.
Se desarrollaron veinticuatro conferencias, doce de ellas por investigadores peruanos, cuyos
resimenes fueron editados por Young & Valencia (1991).

En el presente volumen, presentamos los trabajos en extenso de la mayoria de las conferencias.
La mayor parte de los trabajos trata sobre organismos terrestres; sin embargo, se incluye
también un estudio sobre los peces que ocurren en los Andes.

Los temas tratados pueden enfocarse desde varias perspectivas:

1) Contrastes y similitudes enire las vertientes de los Andes y la zona interandina (ver los
trabajos de O’Neill y Ortega; comparar Franke con Fjeldsd, Cano & Valencia con Ledn er al.,
Valencia con Young).

2) Influencia de la altitud y la latitud en la composicién y diversidad (ver los trabajos de
Cano & Valencia, Franke, Leo & Romo, Leon ef al., Silva, Young).

3) Patrones y procesos de especiacién en relacion a distribuciones y barreras geograficas
{ver los trabajos de Pacheco & Patterson, Patton & Smith, Patterson et al.).

La primera parte del presente volumen estd dedicada a trabajos generales, que tratan de
sintetizar informacién a nivel de todo el pais, e incluso paises aledafios. Gentry describe la
composicién de bosques montanos desde Colombia hasta Bolivia. Silva, Ortega y O'Neill
discuten para el Perd la composicion, distribucion y diversidad de las arafas, los peces y las
aves respectivamente. Pacheco y Patterson estudian la variacién morfolégica y genética de un
grupo de murciélagos, en relacién a los rasgos geogrificos del Peni. Paiton y Smith presentan
el estado del conocimiento de un grupo de roedores que habiia parte del bosque montano.
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El volumen sigue con trabajos referidos a una de las vertientes andinas o a ciertas localida-
des del Peni. Hay tres sobre la vertiente oriental: Leo & Romo ofrecen un estudio altitudinal
de los roedores en un parque nacional, Young revisa los patrones biogeograificos sobresalientes
del bosque montano oriental, y Leon ef al. analizan 1a flora del mismo bosque. Cuatro trabajos
tratan sobre Ia vertiente occidental: ¢l de Valencia presenta un resumen de los factores ambien-
tales importantes en el bosque montano occidental, ¢l de Cano y Valencia analiza la flora de
este bosque, el de Franke discute las distribuciones y ecologia de las aves, y ¢l de Patterson ef
al. informa sobre las relaciones genéticas y evolutivas de un género de murciélagos. Ademdas
hay un trabajo sobre la zona de bosgue a mayor altitud en el Per, los bosques de Polylepis, en
el cual Fjeldsa usa distribuciones de aves de la zona para formular estrategias de conservacion,
Finalmente, Brack ofrece algunas ideas sobre la forma de proteger los bosques montanos.

Los trabajos arriba mencionados, proporcionan numerosos e interesantes resultados y con-
clusiones, entre los que podemos mencionar algunos de caricler general. Se muestra que
tumerosas especies montafiosas del Perd, especialmente arafias, peces, reptiles y anfibios,
ademis de algunos grupos de plantas, aves y mamiferos tienen rangos de distribucion altitudinal
o latitudinal restringidos, debido a razones ecol6gicas, histéricas o evolutivas. El resultado es
una heterogeneidad marcada entre las dos vertientes y la zona interandina, € incluso dentro de
cada regién o subregién. También resalta la necesidad de adquirir mayor informacién bisica
sobre la distribucion y ecologfa de las especies de los bosques montanos, para sefialar
aceriadamente los lugares y especies que deben ser conservados con particular interés. La alta
diversidad de plantas y animales cn 4rcas pequeias, mas la presencia de muchas especies
Unicas, sugieren quc estos estudios deben ser priorizados. Es necesario entonces, desarrollar
una estrategia nacional, que esté vinculada a las necesidades locales de proteccion de cuencas,
y a la extraccion limitada de recursos naturales. FEn lo posible, las reservas y los parques
nacionales no deben quedar como fragmentos aislados dentro de 4reas modificadas por el
hombre.

La realizacién del simposio y la publicacién de estc volumen no hubieran sido posibles sin
¢l apoyo econdmico de la John D. & Catherine T. MacArthur Foundation, a la que expresamos
nuestro agradecimiento. Apreciamos los esfucrzos de los conferencistas y los participantes del
stmposio. Ademds, quedamos reconocidos por la ayuda recibida de Pedro Aguilar, Lucila
Bocangel de Ledn, Efrain Ledn y de los integrantes del Museo de Historia Natural: Joaguina
Albdn, César Arana, Edgar Arribasplata, Gabriel Ball6n, Eusebio Diaz, Nanci Huoapaya, Marfa
Isabel Ia Torre, Jacoba Nahuis, Olga Riofrfo, Luis Rodriguez, Letty Salinas, Marfa del Carmen
Samamé, Oscar Tovar, Anselmo Turpo. Por revisar los manuscritos, agradecemos a César
Arana, Rosa Arana, Asuncién Cano, Irma Franke, Gerardo Lamas, Blanca Leén, Victor Pacheco,
Rina Ramirez, Carlos Reynel y Diana Silva.
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DIVERSITY AND FLORISTIC COMPOSITION OF ANDEAN
FORESTS OF PERU AND ADJACENT COUNTRIES:
IMPLICATIONS FOR THEIR CONSERVATION
by
ALWYN H. GENTRY

Missouri Botanical Garden
P. 0. Box 299, §t. Louis, MO 63166, U.S.A.

ABSTRACT

The Andean forests of Peru, as of other countries, are poorly explored biclogically, are rapidly being
destroyed, and are thus of utmost conservational importance.

Some clear indications of ecological trends relevant to conservation are beginning to emerge. For
example, at the coramunity level we know that there is a decrease in the diversity of woody plants from
1500 m to trec line, but no loss in diversity up to 1500 m. In general, plant species diversity in the
tropical Andes is greater than at similar clevations in Central America or southern South America,
Floristically, Lauvraceae take over from Leguminosae as the most diverse plant family in middie elevation
Andean forests, while near tree line Compositae, especially represented by climbers, become the most
prevalent woody family. !

While inadequate resources are available, both human and financial, to know exactly what plants
occur in the Andes, much less where, in general terms we know that the Andean region is of exceptional
importance as a repository for a disproportionate part of the world's biodiversity. Many groups, like
orchids and Ericaceae, are strongly concentrated in the Andes. At a global level, it seems likely that the
disproportionate species richness of tropical America as compared to tropical Africa or Australasia is
probably due largely to the geographic accident of the Andes. This accentuanted diversity may be due to
*explosive speciation” resulting in much greater local endemism in Andean forests than in other parts of
the world. The conservational implications are significant. If a single forest ridge can have up to 100
locally endemic species as has been documented in adjacent Ecuador, every unexplored outlier ridge in
Peru that is deforested may result in loss of dozens of unknown plant species, a rate of extinction
scarcely equalled elsewhere in the world, and one which cwrent knowledge and conservation strategies
are utterly incapable of documenting, much less reversing.

RESUMEN

Los bosques andinos del Perd, al igual que otros bosques similares en ofros paises, han sido pobremente
explorados biolégicamente; pero estin siendo ripidamente destruidos. Por tales razones estos bosques
tienen la maxima prioridad para la conservacién.

En la actvalidad hay algunos datos relevantes para los conservacionistas. Asi por ejemplo, a nivel de
la comunidad hay un decrecimiento de la diversidad de plantas lefiosas desde 1500 m hasta el limite
superior del bosque, pero no hay wn decrecimiento similar cn diversidad desde selva baja hasta 1500 m,
En general, la diversidad florfstica en los Andes tropicales es mayor a la presente en América Central o
en el sur de América del Sur, en altitudes similares. Lauraceae reemplaza a Leguminosae como la
familia botanica mds diversa en los bosques andinos de altitudes medianas, mientras que en la zona alta
Compositae, notoriamente representada por trepadoras, es lu familia lefiosa mds prevalente.

Aungue falta informacién precisa y recursos humanos y econdémicos, se sabe que la regidn andina es
muy importanie por contener una gran parte de la biodiversidad mundial. Muchos grupos de plantas,
como las orquideas y Ericaceae, estdn concentrados en los Andes. A pivel global parece que la alta
diversidad de América tropical, comparada con la de Africa tropical o Austral-asia, se debe a la presencia
de los Andes. Esta diversidad podria deberse a una "especiacién explosiva" resultando en mds endemismo
Jocal en los bosgues nublados de los Andes que en otras partes del mundo. Las implicaciones para
conservacidn son importantes, Si un s6lo bosque puede tener hasta 100 especies endémicas, como ha
sido documentado en el Ecvador, quiere decir entonces que cada bosque talado en el Perd, podria
representar la perdida de docenas de especies de plantas descomocidas. Esto implicaria una tasa de
extincion sin igual en el mundo. Los conocimientos y estrategias actuales son incapaces de documentar,
mocho menos revertir esta pérdida.
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INTRODUCTION

Andean forests are among the most poorly known and most threatened of all tropical forest
vegelations. In Colombia, for example, various estimates suggest that less than 10% (Henderson
et al., 1991) of the Andean forests remain intact, perhaps even less than 5% (liemandez, 1990}
for high altitude upper montane forest. In Ecuador almost nothing is left of the natural forests
of the central valley and only 4% of the forcsts on the western Andean slope (Dodson &
Gentry, 1991). We have less precise data on Peruvian Andean forests but the sitvation is also
acute, :

For a variety of reasons related to their complex topography and a biogeographic history
feawring continual altitudinal migration of vegetation zones in response to changing climate,
these ecosystems today present a kaleidoscopic array of distinctive biological communities,
typically characterized by unusually high complements of endemic species. Partly because of
their inaccessibility due to steep terrain, partly because of their inhospitably cold, wet, climate,
partly because of the world's focus on the plight of tropical rain lowland forests, and partly

'!
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Table 1. Andean 0.1-ba. sample sites > 1000 m elevation.

Site Grid Altitade Estimated Reference for
Coordinates {m) Precipitation (mm) envirommental Data
COLOMBIEA
La Planada, Marido 1°10°'N 1800 4300
TI°58°W
Hacienda Himalaya, Valle  3°38'N 1860
(400 m?) 76"33W
Finca Zingara, Valle 3°3’N 1990 1647 Giraldo, 1990
{600 m*) T6°35'W
Farallones de Cali, Valle 3°30°N 1850
T6°35°N
Cedral, Risaraldas 4°50'N 2140
753 W
Finca Mehrenberg, Huila ~ 2°16'N 2290 2292 Rangel & Espejo.1989
T6°127W ;
Carpanta (Siete Cuerales),  4°I5'N 2370
Cuondinamarca T3°40°W
Carpanta (Dunning), 4°35' N 2850
Cundinamarca 73°40'W
Cerro Espejo, Guajita 10728'N 2500
72°50°W
Cerro Kennedy, Magdalena  11°5'N 2550
41w
Ucumari, Risaraldas 4°50'N 2620
: 7530w
Neusa,Cundinamarca 5°10°N 3050 985 Carrizosa, 1992;
(500 m?) 73°55W Cavelier f al. 1992
ECUADOR '
Huamani, Napo 0°40°S 1150
: 77°40°W
Maquipucuna, Pichincha 0°7T'N 1600
1831w
Pasochoa, Pichincha 0°28'S aoie 1490 Valencia & Jorgensen,
(400 m?) T8°46'W 1992
PERU
La Genoa, Junin 11°5'S 1160 Reynel & Ledn, 1989
7525'W
Chirinos, Cajamarca 5°25'S 1750
T8°53'W
Venceremos, Amazonas 5°45’S 1850 Leo, 1984
TI°40°W
Cutervo, Cajamarca 6°10'S 2230 Brack & Vilchez, 1974
TB40"W
Chorro Blanco, Cajamarca  6°10°S 2410
{400 m2) 78°45W
Montafias de Cuyas, Piure ~ 4732'8 2450
79°48°W
Cerro Aypate, Piura 4°35'S 2740
TONW
El Pargo, Cajamarca 6°30'S 3000
(600 m2) 79°3'W
BOLIVIA
Calabatea, La Paz 14°55'S 1540
(500 m2) 68720'W
[ucahuara, La Pay 15°55°S 1540
67°35'W
Sacramento, La Paz 16°18'S 2450

67°48'W
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plant families quite distinct from those that predominate in the lowlands. Foremost among
Andean forest trees are Lauraccae, the most speciose woody family in virteally all Andean
forests between 1500 and 3000 m elevation, In general, the dominant role that Leguminosae
play in lowland forests is pre-empted in Andean forests by [auraceac.

Next to Lauraceae in importance in most middle elevation Andean forests are
Melastomataceac and Rubiaceae, the former usually slightly more prevalent at higher altitudes,
the latter at lower altitudes. While both {hese families are predominantly shrubby, both also
include important genera of the Andean forest canopy. Species of Melastomataceae are often
canopy dominants in the Andean forest, especially at higher elevations, but never in mature
lowland forest. There are also two large diverse gencra of woody melastome epiphytes, Blakea
and Topobaea. both well- representcd in many Andean forests. Tibouchina is often the
predominant species in Andean early succession.

Important Andean forest Rubiaceae gencra include Cinchona and its close relative
Ladenbergia, which, like Guertarda, Bathysa, and Eleagia, are mostly canopy trees and mostly
restricted to montane forests. Basically the same understory Rubiaccae genera occur in
Andean as in lowland forests, but at least Palicourea is more prevalent in the Andes. Rubiaceae
are also represented in Andean forests by a pair of mostly hemicpiphytic genera, Hillia and
Cosmibuena.

Three families - Myrsinaceae, Myrtaceae, and Araliaceae - are usually represenied by
several species belonging to different genera in (.1 ha samples of Andean forest. To these
might be added Solanaceae, with several forest genera which may occur sympatrically.
Solanaceae seem to be disproportionately well-represented in some Peruvian forests. In the
putatively relatively dry Andean forests around Ayabaca (Piura), Solanaceae edge out Lauraceae
as the most species-rich woody family, one of the most striking floristic anomalies in the
entire Andean data set.

In addition to the few relatively speciose families, most middie elevation Andean forests are
composed of a small number of very characteristic genera (Table 5), each belonging to a
different family and rarely with more than a single species in any given sample. These include
Saurauia (Actinidiaceae), Hex (Aquifoliaceae), Alnus (Betulaceac), Brunellia (Brunelliaceae),
Styloceras (Buxaceae), Viburnum (Caprifoliaceae), Zinowiewia (Celastraceae), Hedyosmum
(Chloranthaceae), Clethra (Clethraccae), Weinmannia (Cunoniaceae), Billia (Hippocastanaceae),
Juglans (Juglandaccae), Talauma (Magnoliaceae), Morus (Moraceae), Ceroxylon (Palmae),
Padocarpus (Podocarpaceae), Panopsis (Proteaceae), Rhamnus (Rhamnaceae), Prunus
(Rosaceae), Meliosma (Sabiaceae), Styrax (Styracaceae), Symplocos (Symplocaceae), and
Gordonia (Theaceae).

Some of these ecologically tmportant genera have only one or two widespread specics;
others seem to have evolved locally endemic species in every isolated patch of Andean forest.
The forest taxa of the latter remain very poorly known. For example, 21 of the 24 Colombian
specics of Magnoliaceae tumed out to be undescribed endemics newly discovered during the
preparation of the recent Flora de Colombia treatment of that family (Lozano, 1983). No
specimen of either Meliosma or Sabiaceae was known from Peru when Macbride (1956) treated
allied families in the Flora of Peru; yet at least 20 species of the family are now known from
Peru as a result of the recent intensified collecting efforts. The Peruvian Meliosma collections
represcnt at least 17 species, eight of them new to science and five of these not vet described
(Gentry, 1986b, in prep.). Worse, in some Meliosma complexes (not included in this tabulation)
every Peruvian specimen seems specifically distinct. The prevalent lianas in Andean forests
likewise belong to a short list of genera that are hardly found outside the Andes, at least in
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South America - Celastrus (Celastraceae), Liabum and Jungia (Compositae), Calycophysum
(Cucurbitaceae), Muehlenbeckia (Polygonaceac), Clematis (Ranunculaceae), Hydrangea
(Saxifragaceae), and Valeriana (Valerianaceae). A very few lowland liana genera also persist
into the high Andes, most notably Mikania, Paullinia, Smilax, and Cissus. The climbers in middle
elevation forests tend to be mostly hemiepiphytic and in some areas may include conspicuous
representation of Araceae, Guttiferae, Araliaceae, and Ericaceae. At both higher and lower
clevations the climbers become predominantly free-climbing as they are in Iowland moist
forests.

In successional forest there are a different set of taxa. Here Alnus, often forming dense stands
afier landslides, and Bocconia, Tibouchina, Coriaria, and Gunnera are frequently abundant.
Allergenic Toxicodendron is another plant apparently restricted to middle-elevation second
growth.

At progressively higher altitudes, especially around 3000 m, just below the péramo, the
floristic composition of Andean forests changes again. Lauraceae, Melastomataceae, and
Rubiaceae are replaced by Compositae and Ericaceae as the most speciose elemenis of the
woody flora. Both of these families are predominantly scandent, often climbing in a matrix of
trees belonging to (almost) exclusively high-montane, but non-speciose genera such as Drimys
(Winteraceae), Cervantesia (Santalaceae), flex (Aquifoliaceae), Vallea (Elacocarpaceae),
Escalionia (Saxifragaceae), and Myrica (Myricaceae), the latter especially in exposed or disturbed
situations. Gaiadendron, an arborescent Loranthaceae that is really a root parasite, is another
conspicuous element.

Other families that become progressively better represented near timberline are Myrsinaceae,
tying with Melastomataceae as the third most speciose woody family in the highest altitude
forests, and Rosaceae, hardly represented at lower altitudes, but tying with Lauraceae as fifth
most speciose-rich family in these forests. While several Rosaceae genera, including
Hesperomeles and Prunus, occur in Andean forests near timberline, Polylepis is especially
noteworthy as occurring at the very highest elevations where trees can grow, where it typically
forms nearly pure stands. Polylepis forests may also include scattered trees of other high altitude
specialists like Escallonia and/or Buddleia. However, only a single Polylepis tree (from 3000
m at El Pargo, Peru) was included in the less altitudinally extreme samples reported here.

Frequently a species of one of the prevalent genera is locally dominant in a particular
forest, but in a different forest it seems always to be replaced by a differemt species of a
different genus. For example, Ceroxylon schultzei is the dominant species at 2550 m on Cerro
Kennedy, the northernmost peak of the Sierra Nevada de Santa Marta in Colombia, whereas
Styloceras laurifolium (along with a Ruagea sp.) dominates at 2500 m at Cerro Espejo in the
nearby Serrania de Perija. In Ucumari National Park in the Colombian Cordillera Central
Prunus sp. (along with Axinaea sp.) is dominant, but Juglans neotropica, unrepresented at
Ucumari, dominates in the nearby forest at La Cedral. Even in immediately adjacent forests,
the dominants, though belonging to the same restricted group of genera and families, are
different. An especially good example of this pattern comes from the Cordillera Occidental
west of Cali, Colombia. Not only is there little specific overlap between three sampled forests
from about the same altitude along the crest of the Cordillera, but the dominants are different:
Otoba sp. at Hacienda Himalaya, Hieronyma sp. at Finca Zingara, and Trigonobalanus excelsus
at the edge of Farallones de Cali National Park. The same pattern is apparent at Carpanta
Reserve in the Colombian eastern cordillera, where Weinmannia balbisiana is the most dominant
species in the lower part of the Reserve but Brunellia colombiana is dominant in the upper part.
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South America - Celastrus (Celastraceae), Ligbum and Jungia (Compositae), Calycophysum
(Cucurbitaceae), Muehlenbeckia (Polygonaceae), Clematis (Ranunculaceae), Hydrangea
(Saxifragaceac), and Valeriana (Valerianaceae). A very few lowland liana genera also persist
into the high Andes, most notably Mikania, Paullinia, Smilax, and Cissus. The climbers in middie
elevation forests tend to be mostly hemiepiphytic and in some areas may include conspicuous
representation of Araceae, Guttiferae, Araliaceae, and Fricaceae. At both higher and lower
elevations the climbers become predominantly free-climbing as they are in lowland moist
forests.

In successional forest there are a different set of taxa. Here Alnus, often forming dense stands
after landslides, and Bocconia, Tibouchina, Coriaria, and Gunnera are frequently abundant.
Allergenic Toxicodendron is another plant apparently restricted to middle-elevation second
growth.

At progressively higher altitudes, especially around 3000 m, just below the piramo, the
floristic composition of Andean forests changes again. Lauraceae, Melastomataceae, and
Rubiaceae are replaced by Compositae and Ericaceae as the most speciose elements of the
woody flora. Both of these families are predominantly scandent, often climbing in a matrix of
trees belonging 1o (almost) exclusively high-montane, but non-speciose genera such as Drimys
(Winteraceae), Cervantesia (Santalaceae), lex (Aquifoliaceae), Vallea (Elagocarpaceae),
Escallonia (Saxifragaceae), and Myrica (Myricaceae), the latter especially in exposed or disturbed
situations. Gaiadendron, an arborescent Loranthaceae that is really a root parasite, is another
conspicuous element.

Other families that become progressively better represented near timberline are Myrsinaceae,
tying with Melastomataceae as the third most speciose woody family in the highest altitude
forests, and Rosaceae, hardly represented at lower altitudes, bul tying with Lauraceae as fifth
most speciose-rich family in these forests. While several Rosaceae genera, including
Hesperomeles and Prunus, occur in Andean forests near timbertine, Polylepis is especially
noteworthy as occurring at the very highest elevations where trees can grow, where it typically
forms nearly pure stands. Polylepis forests may also include scattered trees of other high altitude
specialists like Escallonia and/or Buddleia. However, only a single Polylepis tree (from 3000
m at El Pargo, Peru) was included in the less altitudinally extreme samples reported here.

Frequently a species of one of the prevalent genera is locally dominant in a particular
foresi, but in a different forest it scems always 10 be replaced by a different species of a
different genus. For example, Ceroxylon schultzei is the dominant species at 2550 m on Cerro
Kennedy, the northernmost peak of the Sierra Nevada de Santa Marta in Colombia, whercas
Styloceras laurifolium (along with a Ruagea sp.) dominates at 2500 m at Cerro Espejo in the
nearby Serrania de Perija. In Ucumari National Park in the Colombian Cordillera Central
Prunus sp. (along with Axingea sp.) is dominant, but Juglans neotropica, unrepresented at
Ucumari, dominates in the nearby forest at La Cedral. Even in immediately adjacent forests,
the dominants, though belonging to the same restricted group of genera and families, are
different. An especially good example of this pattern comes from the Cordillera Occidental
west of Cali, Colombia. Not only is there little specific overlap between three sampled forests
from about the same allitude along the crest of the Cordillera, but the dominants are different:
Otoba sp. at Hacienda Himalaya, Hieronyma sp. at Finca Zingara, and Trigonobalanus excelsus
at the edge of Farallones de Cali National Park. The same pattern is apparent a( Carpanta
Reserve in the Colombian eastern cordillera, where Weinmannia balbisiana is the most dominant
species in the lower part of the Reserve but Brunellia colombiana is dominant in the upper part.
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Table 3. Structure and richness of Andean forests
Av. N Species Individuals
: Eleva- Fam. Lianas  Trees Trees Lianas Trees Trees
Site tion ¢ Totl S 95 it (+ bemiepi, 2Sm  l0cm
(m)  indet) T an dh Toml T gon dbh
Fou: dbk  (+lianas) stranglers) dbh  (+hianas)
Huamani, Ecuador 1150 56 151 27(+22) 102 47 389 58(+45) 200 86
La Genoa, Perii 1160 43 106 24{+14+4)y 77 42(+343) 322 SB(+i+D) 188 76(+7)
Calabatea, Bolivia 1540 (48+)  (1104) (17+8+1) (334 532 52(4242) 352 102
(500 m?)
Incahuara, Bolivia 1540 44 147 1E{+6) 136 57(+]) 523 25(+1242) 391 93(+1}
Maquipocuna, Ecuador 1600 49 ca 123 12(+21+5) 85 49(+2) 438 18(+10046) 234 80{+3)
Chirinos, Peni 1750 38(+1) 97(+) 15(+8+1) 73 cal39(+2) 389 37(+13+1) 263 75(+2)
La Planada, Colombia 1800 40 121 8(+24+3) 89 47(+1} 433 20(+78+43) 252 80(+1)
Venceremos, Peni 1850  46(+1} 159 16(+14) 129 62(+3) 514 32(+28) 346 108(+3)
Hacienda Himalaya 1860 (39+) (Bl) (I3+7+3) (54 (294 441 46(+9+3) 280 ca.l02(+I)
Colombia{400 m*)
Finca Zingara, Col. 1990 (39+) (118) (10+1242) (94)  (37(+1)) 357 43(+20+7) 182 ca §05{+])
{600 n?)
Farallones de Cali, Col. 1950 54(+1) 134 19+8+1) 1068  35(+1) 32 32(48+0) 201 60{+2)
Cedral, Colombia 2140 43(+1) cal20 22(+9) 89 cad?(+1) 531 46(+20) 341 124(+D)
Cutervo, Peri 2300 42 ca96 13(+7+2) 76 36(+2) 469 S52(+36+2) 294 86(+2)
Finca Mehrenberg, Col 2290 43 107 14(+4+1) 88 45 364 51(+9+1) 215 S8R(inclstr)
Carpanta(Siete Cuerdes) 2370 36 a5 S5(+4+1) 65 32 354 27(+9) 218 95
Colombia
Chorro Blanco, Pend 2410 20y {42) 396 52 217 127
{400m")
Sacramento, Bolivia 2450 33 % 16(+3) i) 34 572 BS5(+19+1) 374 o4
Montafia de Cuyas, Perd 2450 31 56 19{+3) 45 24(+1) 357 19(+20) 188 T0{+2)
Caro Egpejo, Colombia 2500 46 78 20 58 50 406 87 177 142
Caro Kennedy, Colombia 2550 35 57 8 49 30 326 41 168 147
Ucumari, Colombia 2620 445 13 12(+5) 85 49 562 42(+122) 283 115
Cerro Aypate, Perid 2740 28 51 14(0) 107 26(+1) 390 40+1) 243 107(+1)
CapentaDunning), Col. 2850 23 cad6  §1(+12) 34 30 280 61(+ ) 128 82(49)
El Pargo, Peni(600m?) 3000 20 ca36 cal cal29 §5(+1) 66 33 200 133(+1)
Pasochoa, Ecuador 3010 21 ca3s cald call 8(+) 552 237 190 125
(400 m?)
Neusa, Colombia 3050 19 cals call ca2d 7(+1) 478 56 278 144(+2)

(500 m)
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The only Peruvian example of samples from geographically and ecologically similar forests
that might be considered replicates is from the Ayabaca area of Piura Department. The two
sampled Piura forests, Cerro Aypate (2740 m) and Montaia de Cuyas (2450 m), have a specific
overlap of only 30% (25 of the total of 83 species). A red-flowered Brugmansia sp. (69 sampled
individuals) that is the commonest species at Aypate is absent at Montaila de Cuyas, as is
Hedyosmum sp., the commonest tree >10 cm dbh. Conversely, four of the five commonest
species at Montafia de Cuyas are not present at Cerro Aypate. Similarly, the three commonest
trees >1() cm diameter at Montafia dc Cuyas arc totally absent at Aypate, although the two sites
do share a large Meliosma sp. as the specics contributing most to biomass.

A similar situation obtains at Cutervo National Park, where the two available samples (one
consisting of only 400 m2) are remarkably distinct floristically. In a forest at 2350 m, northeast
of the town of San Andrés de Cutervo, Prestoea acuminata (49 individuals), a smooth-leaved
Miconia sp. (28 individuals), and an undescribed Meliosma sp. (14 individuals) are the
commonest species, whereas these species are absent at Chorro Blanco (2410 m). The former
forest is dominated by large trees of Alchornea sp. and a Miconia sp., the latter by large trees
of Hieronyma sp., Clusia sp. and a Weinmannia sp. with a winged leaf rachis; in both forests
the dominant large tree species of the other site are absent or very sparsc. While such data are
100 limited to prove that unusually high local differentiation between different forests is typical
of Andean forests, they do provide a bit of quantitative support that the similar patterns
described by R. Foster (pers. com.) at Yanachaga National Park are the rule rather than the
exception in Andean forests.

Floristically, one of the most distinctive aspects of the northern Andes is that they include a

. number of Laurasian elements that do not reach farther south than Colombia or Ecuador {cf.
van der Hammen & Cleef, 1983). The most striking of these is the only South American oak,
Quercus humboldtii, which reaches the Pasto, Colombia, airport but does not cross the Ecuador
border. Despile its geographical limitations, Q. humboldiii is ecologically dominant in many
Colombian forests, especially in the drier fascies wherce cloud forest phenomena are less extreme
(it is possibie that there is a second oak species in Colombia (A. Cleef, pers. com.), although.
most of the described species are not taxonomically distinct). A similar cxample is  Billia
colombiana, the only South American species of Hippocastanaceae, which was thought to
occur only in Central America and Colombia until its recent discovery in northern Ecuador.
Again, B. colombiana is often one of the commonest trees in Andean forests of Colombia.
Two other exampies of this pattem are Alfaroa of the Juglandaceae (Rangel, 1991; L. Escobar,
pers. com.) and Matudaea of the Hamamelidaceae (G. Lozano, pers. com.}, both Central
American montane genera recently discovered in the Colombian Andes. Other montane
Laurasian gencra that are not completely restricted o Colombia are far more differentiated in
the northern Andes, probably reflecting in part their earlier arrival there. For example, Talauma
(Magnolicaceae) has 24 Colombian species but only a few further south (Lozano, 1983).

Recently, it was discovered that some of the Colombian "roble” forests were not composed
of Quercus at all, but Trigonobalanus, a distantly retated genus of the same family that was
previously known only from southeast Asia (Lozano ef al, 1979). It is not clear why
Trigonobalanus replaces Quercus in certain places but not others. It is possible that it was in
the process of being replaced by the newly arrived Quercus even before the current decimation
of both by man. The Colombian Alfaroa is also common locally (O. Rangel, pers. com.). Clearly
there is still much to learn about the flora of the Andes. :
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STRUCTURE

There is much less consistency in forest structure in Andean forests than in lowland tropical
forests. Probably this is related in large part o the frequency of landslides and other disturbances
that characterize the steep montane slopes where they are located. That most high Andean
forests are choked with climbing Chusquea bamboos probably reflects the frequency of natural
disturbance in these forests,

Since there is so much structural variability from site to site any attempt to fifid generalized
pattems is risky. However, it seems clear that stem density increases with altitude, the highest
altitude forests being generally the densest and most impenetrable. This is true both for trees
>10 cm dbh, which average over 100 per 0.1 ha above 2400 m as compared (o 64 in lowland
moist and wet forest, and between 81 and 97 at various elevation intervals between 1000 and

{ Lowland moist & wet av.

120}

100p

Number of species
-
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20p
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Fig. 3. Species richneéss vs. altitude for plants >2.5 em diameter in 0.1 ha samples. Lines = average

species richness for alfitudinal bands.
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Eabde 5. High Andean families and genera of woody planis of closed canopy forest as represented in
smples of plants 2 2.5 cm diameter in 0.1 ha. {22400 m clevation)

y dAcasthaceae
| Aphbelandra
Actinidiaceae
Saurauia
Amaranthaceae
Tresine!
Anacardiaccae
Mauria
Apocynaceae
Mandevilla'
Aquifoliaceae
Tiex
Araceae
Anthurjum ?
Araliaceae
Dendropaunax
Oreopanax
Schefflera
Asclepiadaceae
Marsdenia
Matelea!
Basellaceae
Anredera’
Begoniaceae
Begonia®
Berberidaceae
Berberis
Betulaceae
Alnus
Bignoniaceae
Delostoma
Boraginaceae
Cordia?
Tournefortia !
Brunelliaceae
Brunellia
Buxaceae
Styloceras
Campanulaceae
Siphocampylos !
Caprifoliaceae
Viburnum
Celastraceae
Celastrus !
Maytcnus
Zinowiewia

Chloranthaceae
Hedyosmum
Clesthraceae
Clethra
Compositae
Baccharis?
Bidens !
Bupatorium 5.1°
Espeletias.1
Gynoxys
Jungia !
Liabum !
Mikanija '
Paragynoxys
Pentacalia !
Pollalesta
Senecio !
Verbesina
Coriariaceae
Coriaria
Cornaceae .
Cornus
Cucurbitaceae
Calycophysum®
Cunonjaceae
Weinmannia
Elacocarpaceae
Vallea
Ericaceae
Thibaudia !
of. Sphyrospermum’
Euphorbiaceae
Alchormea
Croton
Hieronyma
Sapium
Fems
Cyathea
Flacourtiaceae
Casearia
Gentianaceae
Macrocarpaea
Gesneriaceae
Alloplectus *

Gramineae
Chusquea '

Guttiferae
Clusia
Tovomita

Hippocastananceae

Billia
[cacinaceae
Citronella
Lauraceae
Aniba
Nectandra
Ocotea
Persea
Phoeba?
Loganiaceae
Desfontainea
Loranthaceae
Gaiadendron
Malvaceae
Malvaviscus?'
Melastomalaceae
AxXinaea
Brachyotum
Buquetia
Merriania
Miconia
Meliaccae
Cedrela
Guarea
Ruagea
Monimiaceae
Siparuna
Moraceae
Ficus
Morus
Myricaceae
Myrica
Myrsinaceae
Cybianthus
Geissanthus
Ardisia?
Myrsine

Parathesis
Myrtaceae
Calyptranthes
Fugenia
Myrcia
Myrcianthes
Nyctaginaceae
Colignonia '
Onagraceae
IPuchsia !
Palmae
Ceroxylon
Geonoma
Prestoca
Papaveraccae
Bocconia
Passifloraceae
Passiflora’
Podocarpaceae
Podocarpus
Polygalaceae
Monnina
Polygonaceae
Muehlenbeckial
Proteaceae
Lomatia
Oreocallis
Panopsis
Roupala
Ranunculaceae
Clematis'
Rhamnaceae
Rhamnus
Rosaceae
Hesperomeles
Polylepis
Prunus
Rubiaceae
Eleagia
Faramea
Ladenbergia
Palicourea
Psychotria

Rutaceae
Zanthoxylon
Sabiaceae
Meliosma
Santalaceae
Cervantesia
Sapindaceae
Allophylus
Paullinia*
Saxifragaceae
Escallonia
Hydrangea'
Smilacaceae
Smilax !
Solanaceae
Brugmansia
Cestrum
jochroma
Lycianthes?
Solanum ?
Witheringia
Staphyleaceae
Turpinia
Styracaceae
Styrax
Symplocaceae
Symplocos
Theaceae
Freziera
Gordonia
Temstroemia
Thymeleaeaceae
Scheenobiblus
Ulmaceae
Lozanella
Urticaceae
Myriocarpon
Urera
Valerianaceae
Valeriana'
Verbenaceae

! All or mostly scandent in samples
2 All or mostly hemiepiphytic in samples
3 Mixture of erect and scandet taxa in samples
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2400 m, and, to a lesser cxtent, for total densitics of stems >2.5 cm which average 373 per 0.1
ha in lowland wet and moist forests and 356 in forests between 1000-1500 m, but over 400
from 1700 (0 3000 m elevation and 465 in timberline forest above 3000 m.

Another structural characteristic of Andean forests is that climber density, which averages
68 climbers >2.5 cm per 0.1 ha in lowland moist and wet forest. tends to increase slightly at the
highest elevations (mean = 109) although it is apparently somewhat depressed between 1700
and 2400 m (averaging about 61 individuals/0.1 ha). ‘These figures may not be very meaningful,
however, since montane climber densities are especially variable from site (o site, even in the
same altitudinal zone. For example, the three highest altitude samples included both the site
with the highest climber density of any sample (237/0.1 ha at Pasochoca, Fcuador) as well as
one of the most lana-poor sites (33/0.1 ha at Fi Pargo, Peru).

A more striking change with clevation is the replacement of free-climbing lianas by
hemiepiphytic climbers at middle elevations. Between 1500 and 1700 m, most climbers (mean
= 56%) are hemiepiphitic and between 1700 and 2400 m 38-45% of sampled climbers are
hemicpiphytes or strangiers. Above 2400 m hemiepiphytic climbers are gencrally less prevalent
although at onc anomalous high altitude site in Colombia, 122 individuals of a scandent
Philodendron were included in the 0.1 ha sample, giving that site the highest hemiepiphyte
density of any site in the world. No hemiepiphytes or stranglers were included in the highest
altitude forests above 3000 m elevation, with the sometimes hi gh climber density being cntirely
accounted for by free-climbing lianas, mostly Compositae.

DIVERSITY

Diversity of woody plants is generally quite unremarkable in Andean forests by lowland
Amazonian or Choco standards. Up to about 1500 m elevation there is little difference in
species richness between Andean foothill and lowland lropical forests (Fig. 3). However,
above 1500 m there is a marked decrease in species richness with increasing altitude (Table 3;
Fig.3). The Andean forests poorest in species of woody plants are those nearest to timberline,
the richest are those ncarest the base of the mountains. For a serics of 26 Andean forests
sampled with 0.1 ha samples of plants >2.5 cm dbh., sites between 1500-1700 m averaged 135
species, 1700-2000 m had 128 species, 2000-2400 m had 101 species, 2400-3000 m had 68
species, and above 3000 m there were 35 species.  This compares with an average of 152
species for a serics of cqual-sized samples of lowland tropical moist and wet forests and an
average of 260 species in lowland Choco pluvial forests. From a different perspective, however,
even the highest elevation Andean forests arc species-rich, since they have more species than
equivalent samples of even the most diverse temperate zone forests.

Familial diversity drops off less sharply with altitude than does species-richness, and only
above 2000 m (Fig. 4). For the same series of Andean sttes noted above, samples from
1500-1700 m averaged 46 sampled families and between 1700-2000 m 45 families. This is
exactly the same as the average number of 46 families per sample represented in samples from
lowland forests. From 1000-1500 i there may actually be a slight increase in familial diversity
of woody plants. These sites average 50 families per 0.1 ha sample. Presumably this is
explained by the tendency for montane and lowland Tamilies to overlap below 1500 m, whereas
at lower elevations there are only lowland tropical familics and above 1500 m almost exclusively
montane families and genera.

Diversity patterns of non-woody plants are less precisely documented. Epiphytes may be
most diverse at middle elevations, although therc are few data with which to address this
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in Colombia is at lower elevations than it is in Bolivia where the main cordillera is higher and
not fragmented into three separate ranges, although soil temperature effects related to greater
summer day length in more subtropical Bolivia may also be involved (Walter, 1984).

It is also appropriate to note the importance of the northern Andes from the viewpoint of
regional biodiversity. There may be 30,000-40,000 plant specics in this region, more than in
the Amazon basin and packed into a much smaller area (Gentry, 1982b, 1991a; Henderson ef
al,, 1991). The cxistence of this concentration of specics in the northern Andean region, far
more than in alf of Europe or North America, is of contincntal significance and seems largely
responsible for the grealer floristic richness of the Neotropics than of tropical Africa or tropical
Australasia (Gentry, 1982b). Although the plant communities of the montane Andes are not
exceptionally rich individually, the region as a whole most certainly is.

ENDEMISM

The reason for the discrepancy between relatively low diversity of individual Andean forests
but relatively high regional diversity is that local endcmism seems to be unusually high in the
Andean region, especially in the forests along the base and lower slopes of the Andes (Gentry,
1986a; Gentry & Dodson, 1987). This is of paramount concern for conservation, since areas of
high endemism are even more critical than high- diversity areas, if overall biodiversity is to-be
preserved.

"The high endemism of the Andes is partly associated with the island-like isolation causcd
by the interrupted cordilleras which promotes allopatric speciation. ILocal endemism is
particularly pronounced in many of the inter-Andean vallcys, especially in the highly dissected
areas like the Huancabamba region of northern Peru and southernmost Ecuador. Fuchsia, for
example, has its greatest diversity in the northern Cordillera Central of Ecuador and Colombia
but much higher endemism in the more dissected terrain of the Peruvian Andes (Berry, 1982).
Similarly Tecoma of the Bignoniaceae has one wide-ranging extra-Andean species distributed
from the southern United States to Argentina but ten locally endemic species concentrated in
the Central Andes (Gentry, 1991a). High-Andean Telipogon (Orchidaccae) has its greatest
concentrations of locally endemic species in the more complicated topography of the Nudo de
Loja and Nudo de Pasto, respectively near the Penw/Ecuador and Colombia/Ecuador borders
(Gentry & Dodson, 1987).

The high diversity of the Andean region may also reflect different evolutionary modes
associated with the forest milieu of the northern Andes (Gentry, 1989a). Monographs of
Andean taxa are regularly full of new locally endemic species; for example, 75% of the 69
Cavendishia species of Colombia are endemic (Luteyn, 1989). While a high proportion of the
endemic species of the Andean cloud forests probably have not yet been described, it is clear
from what we do know that local endemism is a common evolutionary theme, with isolated
ridges or ecologically isolated habitat islands typically harboring ca. 20% cndemic species
(Genltry, 1986a). A good example is the Centinela ridge in western Ecuador where about 90
species were apparently endemic to a forest area of ca. 20 km? (Gentry, 1986a).

We have suggested (Gentry & Dodson, 1987; Gentry, 1989a) that the local endemism of
such forest ridges is largely the result of exceedingly dynamic speciation, perhaps mediated
more by genetic transilience associated with genetic drift in small founder populations than by
fine-tuned selection. The process is similar to (he founder-effect-mediated speciation discussed
by Carson & Templeton (1984) for Hawaiian Drosophila. In terms of Templeton's (1989)
cohesion species concept, genelic drift gives rise in different founder populations to different
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OBSERVATIONS ON THE DIVERSITY AND DISTRIBUTION OF
THE SPIDERS OF PERUVIAN MONTANE FORESTS
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ABSTRACT

An estimated 750 spider specics, from 38 families, were collected in eight montane forest sites in
Peru, located above 800 m elevation. Although the data given are preliminary and much more field
work is needed, the information drawn from this study permits some tentative conclusions about the
species richness and distributions of spiders in the montane forests of Peru. The majority of species
exhibit very restricted distributions. The predominance of these endemic species has important
consequences for the conservation of the invertebrates of Peru.

RESUMEN

Aproximadamente 750 especies de arafias, pertenecicntes a 38 familias, fueron colectadas en ocho
diferentes localidades ubicadas en bosques monlanos del Perd, por encima de los 800 m. Si bien el
cuadro que se presenta estd lejos de ser complelo y existe la necesidad de mas trabajos de campo, la
informacicn obtenida permite discutir algunas patrones tentativos de la riqueza de especies y las distri-
buciones de arafias en los bosques moatanos del Perd. Ia mayoria de las especies presentan distribucio-
nes muy restringidas. La predominancia de estas especies endémicas tiene consecuencias importantes
para la conservacién de los invertebrados en el Pery.
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INTRODUCTION

Spiders belong to the order Arancae. which is one of the most diverse groups of arthropods.
One forested hectare in the lowland Neotropics can harbor approximately 300 to 800 spider
species (Coddington et al., 1990).

There are multiple lines of evidences (Turnbull, 1973; Coddington ef al., 199(0) that show
that the ecology and behavior of spiders contribute (o make these predators an mportant
control agent of insect populations, in many cases even determining the structure and size of
insect communities. Spiders are on top of the invertebrate trophic chain and thus must be
considered important for the stability of ccosystems (Coyle, 1981).

The spider fauna from Peruvian montanc forests has never been reviewed or summarized.
The taxonomy of many spider groups is inadequately known and knowledge of their distributions
is rather poor at present. Many species are known from few specimens, and many more
species remain to be discovered in unexplored and poorly collected areas.

Despite these limitations, field work done during the last several vears in various sites in
the north, center, and south of Peru now permits the outling of broad distributional patterns for
the Peruvian montane spiders. Moreover, some taxonomic studies contribute Lo this attempt by
providing the basic data that allow the identification and characterization of distribution patterns
of particular Peruvian spider species. For instance, Baert (1990) describes mysmenids from
Peru; Levi (1985, 1988, 1990, 1991) revises Neotropical genera of Arancidae; Levi (1986)
describes some tetragnathid genera; and Millidge (1991) describes many new South American
linyphiids.

The goals of this article are to present a summary of the data gathered, 1o begin to explain
the distributional patterns and species richness of spider species from Peruvian montane forests,
and to offer additional information which might contribute to the development of conservation
policies for these ecosystems.

STUDY AREAS

Spiders were collected in areas from 800 to 3500 m that were entirely covered by forest,
except for some open formations associated with small clearings or the adjacent high elevation
grasslands. The montane forests were partly primary, and partly sccondary, though the greater
part of the collections were made in primary forest.

The eight study areas were located on either the western or eastern slopes of the Peruvian
Andes. They are lisied below, giving location, collection dates, and an estimate of sampling
intensity. . )

1) Cordillera del Céndor, The studied arca is located on the castern Andean slopes in the
department of Amazonas, at approximately 5°02°S and 78°51°W, and between 800 (0 1100 m
elevation. The ficld work was done in fifieen days, with at least 30 working hours, during
October-November 1987.

2) Canchaque. This area lies on the western slopes of the Cordillera de Huancabamba in
the department of Piura, at 5°24°S and 79°36'W, between 1750 and 1850 m. Two types of
vegetation were included: deforested, cleared areas, now covered with grass and cultivated
plants; and secondary forests. Part of the material was collected by H.-W. and M. Koepcke in
the 1950°s. Other collections were obtained during two days in April 1989, with at least four
working hours.
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3.) San Andrés de Cutervo. The arca is located on the eastern slopes of the Andes in the
department of Cajamarca, at 6°22'S and 78°51'W, between 2000-2430 m. The collections
were oblained from (wo types of vegetation, secondary and primary forests, during three days
in April 1989, with at least six working hours. '

4.) Rio Abiseo National Park. It is located in the eastern Andes at 7°45°S and 77°30°W, in
the department of San Martin, The collections were taken between 3100-3500 m in the localities
known as Pampa del Cuy and Puerta del Monte, in the northwest scctor of the Park, during
February-March 1988, with at least 50 working hours. A few additional collectiony, taken by
B. Roth in 1986 at 2100 m, are also considered here. Three types of vegetation were sampled:
the fragmented timberline forest, the continuous montane forest, and the high elevation grasslands
{described in Young & I.edn, 1990, 1991).

5.) Yanachaga-Chemillén National Park. The localities studied were in forested areas near
the wwn of Oxapampa. They are on the eastern slopes of the Andes in the department of
Pasco, at approximately 10°33'S and 75°24'W, between 1800-2800 m. The study area was
covered with sccondary and primary cloud forest. The spiders were collected during four days
in June 1986, with at least 12 working hours.

6.) Zarate forest (Bosque de Zérate). Tt is located on the western slopes of the Andes in the
department of Lima, between 11°53-11°56’S and 76°25'-76°31'W. For this study only the
oligotherm f{orest (sensu Koepcke & Koepcke, 1958) at 2700-3200 m is considered (described
in Valencia & Franke, 198(; Le6n & Valencia, 1988). Collections used were made by H.-W.
and M. Koepcke in the 1950’s and by 1. Franke & N. Valencia in the 1980’s.

7.) Manu National Park. Various sites along the Cusco-Atalaya highway, al approximately
13°08"S and 71°25°W, were sampled during one week in February, 1990 between 2000-3000
m. The collections were made on brushy slopes and in montanc forests, with at least 25
working hours.

8.) Wiilayhuaina. This site is located in the Historical Sanctuary of Machu Picchu (Santuario
Histérico Machu Picchu), at approximately 13°07°S and 72°34°'W. The collections were taken
within montane forest from 2700 m to timberline at 3100 m, during four days in February
1990, with at least 20 working hours.

MATERIAL AND METHODS

The material upon which this study is based was collected largely by the author during the
last five years. It was supplemented by collections of spiders from Z4rate forest made by H.-
W. & M. Koepcke in the 1950°s and by 1. Franke and N. Valencia in the 1980°s. Material
collected by the Koepckes in scveral other sites was also included. Because genitalia of both
male and female spiders are nccessary in order (0 make accurate identifications, only adult
specimens were considered for the present study.

The spiders were collected by sweeping a net over low vegetation, beating of foliage, pitfall
trapping (only in Zérate forest), and direct scarching. Collections were made both at night and
during the day, although only direct searching with a headlamp was possible at night.

Identifications were made by using the relevant literature and by sending specimens to
specialists (L. Baert for mysmenids, A. Millidge for linyphiids, P. Sierwald for pisavrids, and
H. Levi for araneids). All material is deposited in the collections of the Museo de Historia
Natural, Lima, Peru.
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RESULTS

About 750 spider species, distributed in 38 families, were collected in total from the eight
study sites (Table 1); very few of these species were {ound in more than one site. More than
500 species occurred above 1500 m, and 228 species were found in the Cordillera del Céndor
(below 1100 m).

Most families found in the montane forest sites (Table 1) also occur in the Amazon lowlands
of Peru. Two families are basically restricted to the lowlands, Deinopidae and Aphantochilidag;
they were found in this study at 800-1100 m, but were ncver found at higher elevations. The
theridiids Twaitesia and Thymoites, the araneids Araneus and Micrathena, the tetragnathids
Chrysometa and Leucauge, and the linyphiid Dubiaranea all have species in the montane forests,
but are also represented in the lowlands by other species,

Sites on the eastern slopes of the Andes were more diverse than those on the western slopes
(Table 1). In total, the former harbored more than 450 species, while the latter had about 50
species. Two familics, Diguetidac and Zoridac, appear to be endemic to the western slopes of
the Andes.

In each of the eight sites studied, some nonarboreal vegetation was included in the sampling.
In general, these open areas had a lower number of species than in the forests, although the
species appeared to have higher population densitics. The dominant groups in forest were the
araneids, theridiids and salticids, while in open areas the linyphiids, tetragnathids, dictynids
and amaurobiids predominated.

Two genera collected are particularly speciose in the Peruvian highlands. They occurred in
high population densities in the nonarborcal vegetation of the study sitcs and at lower densities
in the forests. These penera are Dubiaranea, with 44 species int total from the eight study
areas, and Chrysometa with 39 species. Most of these species were found in only one of the
sampled areas, and are thus apparently highly restricied in distribution.

Quantitative samples are not available from all study areas, but apparently there is an
increase in species richness from secondary to primary forests. Thus, there was a great reduction
in numbers of species and individuals in hé4bitats affected by humans, like those sampled in
Canchaque. Another example was found in Cutervo, where, with about one working hour, 32
species were collected in a primary forest, and only 26 species were collected with at least two
working hours in an area of secondary vegetation.

DISCUSSION

Although diversity of spiders is higher in the Amazon lowlands (Silva & Coddington, in
prep.), the number of endemic specics is probably much higher in the highlands of South
America. Peruvian montane forests are known to have a wide range of hibiiats and microh4bitats
(Ledn, 1991; Le6n & Valencia, 1988; Young & Leén, 1991), which probably favors the
existence of specialized and endemic spider species. Increased knowledge about these very
restricted groups would allow for a better understanding of the historical and ecological processes
responsible for the diversity and distribution of spiders in the Andes.

The species of spiders found in this study appear to fall into four general classes of
distribution, presented here in order of increasing importance:

1) A few species have broad distributions in the Neotropics. For example, Alpaida bicornuta
(Tacz.) is found from Costa Rica to Argentina (Levi, 1988) and was common in the open



1992 SILVA: SPIDERS OF PEAUVIAN MONTANE FORESTS 35

. TABLE 1. Families and number of spider species in the eight Peruvian montanc forests. Western or
- eastern slopes refers o the location on the Peruvian Andes.

Western Slopes

Eastern Slopes

Family Canch. Zdrate  Condor Cutervo  Abiseo Yana. Manu  Widay
Amaurobiidae 0 0 4 1 0 0 1 2
Anapidae 0 0 1 1 0 0 1 0
Anyphaenidae 6 4 5 4 5 2 18 10
Aphantochilidae 0 0 1 0 0 0 0 0
Araneidae 5 3 58 6 8 12 25 11
Clubionidae 0 3 ] 0 0 0 2 1
Corinnidae 0 0 4 1 0 0 3 1
Cienidae 1 0 7 0 0 2 1 1
Cybaeidae 0 0 0 0 2 0 0 1
Deinopidae 0 0 1 0 0 0 0 0
Dictynidae 0 0 0 0 I 1 0 0
Diguetidae 0 1 0 0 0 0 0 0
Dipluridae 0 1 1 0 0 0 0 0
Dolomcdidae 0 0 3 0 0 0 0 0
Dysderidae I 1 0 0 0 0 0 0
Gnaphosidae 0 3 1 1 2 i 0 0
Hahniidae 0 1 0 0 2 0 1 1
Heteropodidae 0 0 1 1 3 0 1 1
Linyphiidae 4 1 2 2 24 14 14 6
Lycosidae 1 1 1 4 2 6 0 1
Mimetidae 0 0 3 0 1 0 2 1
Miturgidae 0 1 0 1 | 0 0 1
Mysmenidac 0 0 1 1 1 0 3 1
Ochyroceratidag 0 1 0 0 1 0 0 0
Oonopidae 0 0 1 0 0 0 0 0
Pholcidae 1 2 5 1 5 i 6 3
Pisauridae 0 0 2 0 0 0 0 0
Salticidae 1 0 3 45 11 7 6 5
Scytodidac 0 0 0 0 1 0 0 1
Senoculidae 0 0 0 0 0 0 1 0
Symphytognathidae 0 0 2 0 1 0 | 1
Tetragnathidae 6 1 19 8 13 7 19 4
Theridiidae 6 3 45 19 7 11 31 26
Theridiosomatidae 1 0 16 2 2 3 4 2
Thomisidae 1 0 7 1 1 i 2 7
Titanoecidae 0 0 0 0 0 0 0 1
Uloboridae 0 0 5 0 0 1 1 1
Zoridae 0 1 0 0 0 0 0 0
Total 34 28 228 64 94 69 143 92
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BIOGEOGRAFIA DE LOS PECES DE AGUAS CONTINENTALES
DEL PERU, CON ESPECIAL REFERENCIA A ESPECIES
REGISTRADAS A ALTITUDES SUPERIORES A LOS 1000 M

por

HERNAN ORTEGA
Museo de Historia Natural,
Universidad Nacional Mayor de San Marcos,
Apartado 14-0434, Lima-14, Peri.

RESUMEN

Se presenta una breve descripcién de las cuencas hidrogrdficas mds grandes del pafs. La cuenca del
Océano Pacifico comprende 53 rios en la vertiente occidental de los Andes, solamente 33 con aguas
permanentes. Dos, Zarumilla y Tumbes, preseatan vna ictiofauna mds relacionada con la de los rios
amazénicos que con la de Jos otros rios de la costa, que mayormente albergan una ictiofauna empobrecida.
En la cuenca del Lago Titicaca y los cuerpos acudlicos altoandines, en altitudes superiores a los 1000 m,
la ictiofauna estd dominada por algunos géneros pertenecientes a siete familias { Astroblepidae, Atherinidae,
Characidae, Cyprinodontidae, Loricariidae, Trichomycteridae y Salmonidae), que comprenden hasta
ahora B0 especies. Los géneros con mayor numero de especies son Orestias y Astroblepus. La cuenca
amazénica puede ser dividida de norte a sur en la subcuenca del rio Marafién, que incluye los rios
Huallaga, Pastaza y Tigre; la subcuenca del Ucayali, ubicada mds al sur, que presenta semejanzas con la
anterior, y lu subcuenca del rio Madre de Dios que tiene algunas caracleristicas particulares.

La ictiofauna de aguas continentales del Peri es similar, a givel genérico, a la de la Amazonia
central o de América del Sur tropical. Asf, los patrones de distribucidn y la historia biogeogrifica son
comunes, por lo que se presentan comentarios al respecio. Se afiaden algunas sugerencias para la
conservacién de ambientes acuiticos y especies mativas. Ademds, se incluye una lista de especies
registradas en allitudes superiores a los 1000 m en el Peri.

ABSTRACT

A brief description of the major freshwater basins in Peru is presented. The Pacific Ocean Basin
countains 33 rivers, only 33 of which are permanently flowing.- Two of these, Zarumilla and Tumbes,
have morc faunistic similarities with the Amazonjan rivers than with the other 31, which contain an
impoverished fish fauna. In the basin of Titicaca Lake and the Andean water bodies above 1000 m, the
fish fauna is dominated by several genera in seven familics {Astroblepidae, Atherinidae, Characidae,
Ciprinodotidae, Loricariidae, Trichomycteridae and Salmonidae), with 80 known species. The genera
with most species are Orestias and Astroblepus. The Amazon Basin can be divided from north to south
into the subbasin of the Marafion River, which includes the Huallaga, Pastaza, and Tigre Rivets and has
many similarities with the Ucayali River subbasin, located further south. The Madre de Dios River
subbasin is somewhat distinct.

The freshwater fish fauna of Peru is similar at the generic level with that of the central Amazon or
Tropical South America, Thus, the distribution patterns and biogeographic history of these regions share
many features. Comments on these and suggestions for conservation of aguatic environments and of
native species are presented, in addition to a list of the species recorded above 1000 m in Peru,
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INTRODUCCION

La ictiofauna de aguas continentales de América del Sur es la de mayor diversidad compa-
rada con las de otros continentes. Comprende unas 60 familias, varios cientos de géncros y tal
vez unas cinco mil especies (Bohlke er al., 1979). Tal diversidad asociada a la subdivision del
contincate en varias grandes cuencas e innumerables medianas ¥ pequeiias, hacen de la ictiofauna
un motivo idcal para estudiar dreas de endemismo y bivgeografia filogenética. Desafortunada-
mente, ese potencial atn no se ha desarrollado (Vari & Weitzman, 1990). La diversidad de la
ictiofauna continental del Peri es muy elevada, representada por 53 familias de especies nativas
¥ Cuatro con especies introducidas; en total se tienen registradas 797 especies validas, estimgndose
que podrian existir mis de 1200 (Ortega, 1991).

Se presenta una breve descripcion de las principales cuencas hidrograficas, la composicién
gencral de su fauna y algunas consideraciones en torno a lu distribucion, destacindose la
necesidad de mayores colecciones de material bioléigico y dattos para un correcto estudio de la
biogeografia en términos actualizados. Ademis se incluyen algunas consideraciones sobre la
conservacion de ambientes acudticas y de especies nativas, basados en estudios en marcha,
especialmente en Ia region alia del Parque Nacional Rfo Abiseo e informacién reciente prove-
nienie de estudios en el Lago Titicaca. Por tltimo, se presenta una lista sistemdtica de especies
registradas en altitudes superiores a los 1000 m, la cual puede incrementarse notoriamente a
medida que se realicen mayores colectas y estudios de revisién taxonGmica.,

PRINCIPALES CUENCAS HIDROGRAFICAS DEL PERU Y LA
COMPOSICION DE SU ICTIOFAUNA

CUENCA DEL OCEANO PACIFICO

Comprende 53 rios que vicrten sus aguas al mar, de los cuales 33 tienen agua perma-
nentemente y por 1o tanto, ictiofauna constante. Los rios Zarumilla y Tumbes presentan
caracleristicas especiales en su composicién faunfstica, incluyendo ocho géneros comunes con
los de los rios amaz6nicos. Desde Piura bacia el sur, se inicia una marcada reduccion en el
nimero de especies. En el rio Tumbes se han registrado 30 especies; entre el Piura, Chira y
Jequetepeque alcanzan a una docena de especies; en 1os rfos Santa, Chillén, Lurin y Mala solo
$¢ encuentran seis; y en Moguegua y Locumba, apenas tres. En esta cuenca, ¢l género con
mayor rango de distribucion cs Trichkomycterus, luego Aequidens, Basilichthys, Bryconamericus
y Lebiasina. Las especies endémicas estin restringidas a los rios Tumbes (Chilobrycon
deuterodon y Pseudocurimata troscheli) y Pivra (Pseudocurimata peruana).

CUENCA DEL LAGO TITICACA

Es una cuenca del tipo endorreico, cuyas agoas no se vierten al mar, FEI Lago Titicaca
es ¢l mas alto del mundo, sitado a casi 4000 m de altitud; sus aguas son frias y albergan una
ictiofauna muy diversificada, especialmenie la perteneciente al género Orestias, con 33 espe-
cies conocidas en el lago y sus alrededores (Parenti, 1984a). La distribucién de Orestias y sus
implicaciones biogeogrificas fueron discutidas por Parenti (1984b).
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RIOS Y LAGOS ALTOANDINOS

Sc consideran en este grupo a una serie de rios y lagos que, si bien conducen sus aguas
bacia el Océano Atlantico, conformando la red de drenaje del rio Amazonas, incluye algunos
otros que drenan al Océano Pacifico. Estos rios y lagos tienen varias caracteristicas en comdgn,
an(o fisicas y quimicas, como en la composicién de su ictiofauna. Asi, el género de peces
siluriformes Asfroblepus ticne una amplia distribucién en el pais, encontréndose sus especies
desde Puno y Madre de Dios en el sur hasta Cajamarca y Amazonas en el norte, incluyendo la
sierra de Piura. Astroblepus s encuentra siempre en aguas torrentosas, frias y muy limpias,
con alto contenido de oxigeno disuelto y presencia de insectos acuaticos. Otros géneros de
peces [recuentes en estos cuerpos acudticos son Trichomycterus y Orestias. En general, se
trata de grupos que requicren de revisiones taxondmicas, siendo muy probable la existencia de
especies adn no descritas, como se ha demostrado en la parte alta del Parque Nacional Rio
Abiseo, especialmente con Astroblepus.

En las aguas ubicadas a allitudes superiores a los 1000 m se encuentran representantes de la
familia Characidae, con los géneros Acrobrycon, Bryconamericus, Creagrutus, Ceratobranchia
y Hemibrycon. Estos son especies de tamaio pequefio, ripido desplazamiento y adaptadas a las
CorTientes.

En el caso de las cspecics introducidas cn las aguas frias del pais, ¢s muy marcada Ia
presencia dcl salménido Oncorhynchus mykiss "trucha arco iris” en numerosos rios y quebra-
das; y de Odonthestes bonariensis “pcjerrey”, provenientc de Argentina y registrada en la lagu-
na Pacucha (Apurimac) y en el lago Titicaca (Puno).

CUENCA AMAZONICA

Por razones pricticas es dividida en este trabajo en las subcuencas del Maraiion, Ucayali
y Madre de Dios, dejando de lado a fa poco conocida subcuenca del Napo.

RIO MARANON: Incluye a los rios Iuallaga, Pastaza y Tigre entre sus mayores afluentes.
Tiene un largo recorrido hasta su uni6n con el Ucayali, y presenta dos partes. El Alto Maraiion,
comprendido entre su naciente en el Nevado Matador, y el Pongo de Manseriche, se caracleriza
por presentar un cauce estrecho y profundo, declive acentuado y aguas torrentosas, especial-
menic en €poca de creciente.  Aqui ef mimero de especies de la ictiofauna es bajo. Los peces
son de reducido tamafio en su mayoria y con escaso nimero de individuos. El Bajo Marafi6n,
comprendido entre el Pongo de Manseriche y la unién con el rio Ucayali, atraviesa la llanura
amaz6nica de oeste a este. El curso es medndrico y el fondo de arcilla y arena. En la creciente
inunda grandes extensiones de selva baja. La diversidad de la ictiofauna en esta parte es
mucho mayor, sobrepasando las 200 especies.

RIO UCAYALI: También se reconocen dos partes, el Alto Ucayali, comprendido entre Atalaya
y la confluencia con el rio Pachitea, y el Bajo Ucayali, entre la boca de! Pachitca y la confluencia
con ¢l rfo Marafién, cerca de Nauta, donde forma el Amazonas. El Alto Ucayali esta conformado
por los rios Tambo y Urubamba y discurre por un cauce algo estrecho ¢n sus inicios y uno
medndrico en la llanura amazénica. La ictiofauna sobrepasa las 150 cspecies de pequefio y
mediano (amafio,

El Bajo Ucayali presenta un cauce medndrico, y en creciente a menudo cambia de curso,
originando "cochas” o lagunas que mantienen conexién con el curso principal por intermedio
de cafios o "sacaritas”. El fondo cs blando, conformado por arcilla, arena y detritos, constitu-
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yendo una fucnte de nutrimentos muy importanic para las especies benténicas, que llega a
sostener a casi la totalidad de los recursos hidrobiologicos a través de los peces detritivoros.
La ictiofauna comprende mds de 300 especies de pequefio 2 gran tamaiio, incluyendo formas
muy antiguas como Arapaima gigas ("paiche”) y Osteoglossum bilirrhozum ("arahuana").

En afluentes pequefios, como el rio Neshuya {Pucallpa, Ucayali), es posible ¢l reconoci-
miento de 80 especies entre pequeiias y medianas, representando a unas 20 familias. En
lagunas fluviales como Yarina es posible Ia identificacion de 90 especies, entre especies pro-
pias de la laguna y aquellas compartidas con el rfo Ucayali. Sin embargo, Imiria, una laguna
de origen diferente y mayor dimensién, presenta indicios de tratarse de un centro de endemismo.
Seria un gran aporte que mds esfuerzos en investigacion se inviertan en dreas como ésta, anles
que las exploraciones petroleras aceleren el deterioro ambiental, y por consiguiente s¢ pierdan
recursos potenciales y una diversidad biol6gica atin escasamente conocida.

RIO MADRE DE DIOS: Comprende una extensa red de drenaje e incluye una gran variedad
de cuerpos de agua. Puede hallarse difcrentes clases de agua en dreas muy proximas. EI rio
Madre de Dios presenta caracteristicas de las dos subcuencas antes mencionadas, pero ademds
estd asociado a una mayor variabilidad climdtica, con cambios periédicos de temperatura
(«friajes») que coinciden también con una gran oferta de nuirimentos de origen diverso. En
cuanto a la riqueza especifica, s6lo en la Reserva Natural de Tambopata se ha logrado el
registro de 120 especies (Chang, 1991), nimero que debe aumentar al realizarse mayor nimero
de muestreos. Algo parecido se aprecia en el Parque Nacional del Manu, donde en cinco afios
de estudios se ha logrado la identificacion de méds de 160 especies en altitudes entre los 250 y
350 m. La diferencia mis llamativa es la ausencia de ios osteoglosiformes (Arapaima y
Osteoglossum) que si estdn presentes en las subcuencas del Marafién y Ucayali. Ademss, hay
una escasa representacion de familias de Siluriformes, como Doradidae, Auchenipteridae e
Hyupophthalmidae. En cambio, se cncuentra en esla region a los Helogenidae con mayor
frecuencia que en el Bajo Ucayali. Otradiferencia notoria es la ausencia de algunos géncros de
Cichlidae, como Cichla, Pterophyltum y Symphysodon.

LOS PECES CONTINENTALES DE ALTITUDES SOBRE LOS 1000 M

Las aguas continentales a una altitud superior a Ios 1000 m por lo general presentan bajas
temperaturas, entre 10 y 20°C, con alto contenido de oxigeno y marcada transparencia. Presentan
una vegetacion muy particular en las orillas de los ambientes Iénticos y aguas torrentosas en los
ambientes 16ticos.

Ochenta especies de peces han sido registradas en aguas continentales, a altitudes superio-
res a los 1000 m (Tabla 1). De ellas, el 80% comprende especies de los géneros Astroblepus,
Orestias y Trichomycterus. El 20% restante comprende siete géneros, que incluyen las dos
dnicas especies introducidas: Oncorhynchus mykiss y Odonthestes bonariensis, adaptadas a
altitudes de 2500 a 4000 m. La mayoria de las especies nativas, son de pequedio tamafio
(menores a 150 mm de longitud total). Las que habitan aguas torrentosas son menos del 40%
del total y estdn adaptadas por modificaciones bucales y de las aletas ventrales, a fijarse a las
rocas o han desarrollado mayor velocidad para evitar ser arrastrados y nadar a contracorriente.
Mias del 55% viven en aguas tranquilas. El género mds representativo es Orestias y los habitats
mejor conocidos son los lagos Titicaca y Junin, Los Characidae son fusiformes, muy veloces,
y con longitudes totales menores a 120 mm. Los Loricariidae tienen el cuerpo cubicrto por
placas y la boca modificada en una ventosa para adherirse a las rocas.
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Tabla 1. Especies de peces de aguas continentales del Per registradas en altitudes superiores a los

1000 m. «*» indica especies introducidas.

Astroblepidae
Astroblepus formosus Fowler, 1945
Astroblepus labialis Pearson, 1937
Astroblepus longiceps Pearson, 1924
Astroblepus longifilis (Steindachner, 1883)
Astroblepus mancoi Myers, 1928
Astroblepus peruanus (Steindachner, 1875)
Astroblepus praelionen Allen, 1942
Astroblepus rosei Eigenmann, 1922
Astroblepus sabalo (Valenciennes, 1840)
Astroblepus simonsii (Regan, 1904)
Astroblepus stubeli Wandolleck, 1916
Astroblepus supramollis Pearson, 1937
Astroblepus taczanowskii (Boulenger, 1890)
Astroblepus trifasciatus Eigenmann, 1912
Astroblepus vanceae (Eigenmann, 1913)
Atherinidae
Basilichthys semotilus (Cope, 1874)
‘Odonthestes bonariensis (Valenciennes, 1835)
Characidae
Acrobrycon ipanguianus (Cope, 1878)
Bryconamericus diaphanus (Cope, 1878)
Bryconamericus grosvenori Eigenmann, 1927
Bryconamericus pachacuti Eigenmann, 1927
Creagrutus peruanus (Steindachner, 1875)
Ceratobranchin binghami Eigenmann, 1927
Ceratobranchia delotaenia Chernoff & Machado-
Allison, 1990
Hemibrycon huambonicus (Steindachner, 1882)
Hemibrycon jelskii (Steindachner, 1875)
Hemibrycon helleri Eigenmann, 1927
Cyprinodontidae
Orestias agassii Valenciennes, 1846
Orestias albus Valenciennes, 1846
Orestias crawfordi Tchernavin, 1944
Orestias clenolepis Parenti, 1984
Orestias cuvieri Valenciennes, 1839
Orestias elegans Garman, 1895
Orestias empyraeus Allen, 1942
Orestias farfani Parenti, 1084
Orestias forgeti Lanzanne, 1981
Orestias frontosus Cope, 1876
Orestias gilsoni Tchernavin, 1944
Orestias gracilis Parenti, 1984

Orestias gymnorus Parenti, 1984
Orestias hardini Parenti, 1984
Orestias imparpe Parenti, 1984
Orestias incae Garman, 1895
Orestias ispi Lanzanne, 1981
Orestias jussiei Valenciennes, 1846
Orestias haeus Valenciennes, 1839
Orestias minimus Tchernavin, 1944
Orestias minunis Tchemavin, 1944
Orestias mooni 'Tchernavin, 1944
Orestias multiporis Parenty, 1984
Orestias mudleri Valenciennes, 1846
Orestias mundus Parenti, 1984
Orestias olivaceus Garman, 1895
Orestias pentlandii Valenciennes, 1839
Orestias polonorien Tchernavin, 1944
Orestias puni Tchetnavin, 1944
Orestias richersoni Parenti, 1984
Orestias robustus Parenti, 1984
Orestias rotundipinnis Parenti, 1984
Ohrestias silustani Allen, 1942
Orestias taquiri Lauzanne, 1981
Orestias tomcooni Parenli, 1984
Orestias 1schudii Castelnan, 1895
Orestias ttini Tchemavin, 1944
Orestias uruni Tchernavin, 1944
Orestias wuto Parenti, 1984

Ancistrus occloi Eigenmann, 1928

Chaetostoma branickii Steindachner, 1882
Chaetostoma marmorescens Bigenmann & Allen, 1942
Chaetostoma mollinaswn Pearson, 1937

Chaetostoma taczanowskii Steindachoer, 1883

Trichomycteridae

Trichontycterus dispar Tschudi, 1845

Trichomyclerus eigerananni (Boulenger, 1898)
Trichomycterus fiscus (Meyen, 1835)

Trichomycterus oroyae Eigenmann & Figenmann, 1889
Trichomycterus poeyanus Cope, 1878

Trichomycterus quechuoriem (Steindachner, 1902)
Trichomycterus rivilatus Valenciennes, 1846
Trichomycterus tenue (Fowler, 1945)

Salmonidae

*Oncorhynchus nykiss Walbaun, 1792

En las cuencas de los rios Santa, Mantaro y Apurfmac, los peces generalmente han sido
colectados en afluentes menores, como quebradas o arroyos, a menudo de aguas muy limpias.
En cambio, en el mismo curso del ro Santa o Mantaro, cerca de ciudades, no se encuentra
ictiofauna alguna, debido a la fuerte contaminacién urbana y a la preferencia de los peces por
las aguas limpias, pudiendo ser considerados también como organismos indicadores de aguas

no contaminadas.
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mayor drea, y poniendo énfasis en arroyos, se registro las especies nativas en el 50% de los
ambicntes y la especie introducida en ¢l 40%. Ortega & Baltazar (1991) sugieren aplicar las
siguientes medidas: 1) limitar la expansién de a trucha; 2) poner en prictica un plan de
extraccion selectiva y periddica para retirar los adultos de mayor tamaiio; y 3) una campafia de
educacion, para contar con la colaboracién local.

Algo simitar podria ser qtil para el Lago Titicaca, aunque ya esta bien establecida una
pesqueria de consumo que abastece ciudades como Cusco y La Paz.

En el caso del rio Madre de Dios, es preocupante ¢l incremento en la deforestacion y
erosion de las riberas entre Laberinto y Diamante, debidas, principalmente a la bisqueda del
oro, seguida del empleo de mercurio en el proceso de extracciGn del metal; ambos factores
afectan fuertemente la diversidad de la ictiofauna y la pesca de consumo que se ird reduciendo
y al mismo tiempo sc expone el hombre a la contaminacién por mercurio, por consumir
organismos que 1o acumulan.
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paises del mundo. Hay aves residentes en todos los hibitats montahosos, excepto en la nieve permanen-
te de los glaciares, aunque se sabe que algunas aves frecuentan cuevas pequefias en el hiclo.

l.a avifauna mds diversa ocurre en la vertiente oriental, himeda y fria, y en las montafias bajas
sttuadas frente 2 la selva baja; sin embargo, ailin los desiertos mds 4ridos soportan una viriedad de aves
que estdn hien adaptadas a vivir ahi. Algunas de las aves con distribuciones muy restringidas son
aquellas que habitan los hosques aislados de la vertiente occidental, incluyendo los fragmentos de
bosques de Polvlepis en las partes mds altas de las cordilleras. La presencia de cafones profundos como
los formados por los rios Huallaga, Maraiién y Urubamba, donde estos atraviesan el extremo vriental de
Tos Andes, en adicidn a olras barreras naturales, sirve para aislar en las partes mds aitas [as poblaciones
de aves y ottos organismos, formando asi especies y subespecies diferentes.  Aproximadamente 930 de
las E678 especies de aves listadas en Parker ef al. (1982), o sea el 55% de la avifauna, ccurren sobre Jos
1000 m. Puesto que las partes méds elevadas han sido las menos estudiadas, es probable que mds del 60%
de la avifauna en el Peri presente una distribucion montapa, Al nivel de familia, esta cifra es adn mds
impresionante, 71 de las 88 familias conocidas del Perd tienen una distribucién montana. De las 17 que
no ocutren en la zona montana, once estdn restringidas al mar o sus playas y sélo seis a las partes bajas
amazénicas.

Loz hibilats montanos no son s6lo biolégicamente los mds diversos del Peri, sino también los més
fragiles ecolégicamente. Ellos estdn sujetos a Jluvias torrenciales, a terremotos, a tormentas con fuertes
vientos y a la radiacidn solar mds intensa de cualquier parte del pais. Estos habitats estin siendo
principalmente protegidos de estas fuerzas por ia gran variedad de la cobertura vegetal. Ademds, estin
siendo afectados por la cxpansién de la poblacidn humana. El incremento de los esfuerzos para la
conservacién, acompatado por el uso racional de todos los hidbitals, es el proceso mds importante y
crilico que enfrenta hoy en dia el Perd. El futuro de la vida silvestre y del ser humano en el Per, asi
como en la mayor parte de América del Sur depende en los Andes para su existencia futura,

When one looks at a map of South America, two major landforms are instantly visible; the
massive chain of the Andes mountains encircles half of the continent from the eastern tip of the
Paria Peninsula of Venczuela west and south to the tip of Tierra del Fuego, and the massive
Amazonian river system drains the central two-thirds of the entire continent. In this volume,
we are concentrating on the faura and flora of the Peruvian portion of the Andes, and will be
concerned with everything that occurs above the [} m elevation level. My purpose is (o use
birds, the most well-known and well documented group of vertebraltes, to illustrate the incredible
diversity of the Peruvian Andes, and the nced to protect them and use them in a rational
manner.

By the end of the Tertiary the Andes were developing and being colonized by birds,
especially from the nearby lowlands, but it is in the Quaternary that Andean bird speciation and
distribution was most active (Haffer, 1974).

Most of the Andean chain is above 3000 m, with a series of high cordillcras that reach to
more than 3500 m, and a number of peaks that are more than 5000 m. The highest peak in the
entire chain, Aconcagua on the Chilean-Argentinian border, reaches an astounding 6960 m, but
the highest peak in Peru, Nevado Huascardn in the Cordillera Blanca, in the department of
Ancash, at 6768 m, is not far behind. The lowest and most isolated part of the Peruvian Andes
is found in the Cordillera Divisor, an arca of low hills in the department of Ucayali on the
Peru-Brazil border that reach to a beight of only 700 m (and thus will not be covered here).
The influence of the Andes in Peru is so pervasive that there is at least one poiut in each of the
24 departments that is over 1000 m in elevation. In extreme northemn Pery, in the departments
of Lambayeque and Piura, is the lowest pass through the Andean chain (ca. 2000 m) between
Venezuela and Tierra del Fuego. Here we will not only be concerned with the montane fauna
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in Peru are the least studied, and thus biologically the least well-known part of the country, it is
almost certain that the percentage of bird species inhabiting the Andes will eventually reach or
pass 60%. Looking at the data at the level of family is cven more impressive: 71 of the 88
familics of birds recorded in the country inhabit montane areas; of the 17 that arc not montane,
11 are restricted to the sea or its beaches, and six to the lowland forests east of the Andes.

Although the carlicst colonization of the Andes by birds was probably from the nearby
lowlands (Haffer, 1974), a strong "Patagonian” element from the south soon came up through
the evolving highlands. Today the central and southern Andes of Peru support many species of
Tyrannidae, Furnariidae, and Emberizidae that are most closely relaled to forms in the south:
very few of these reach northern Ecuador and even fewer get to Colombia and Venezuela. This
southern element is most well-represented in the altiplano and in the drier, rockier western
slopes, habitats that are most like the often barren, windswept southern plains of the tip of the
continent. Here we may also add a radiation of the grassland Tinamous of the genus Nothoprocta,
three species of Thinocoridae, a thea, Pterocnemia pennata, and others. In the al tiplano, which
is dotted with lakes and marshes, there are also more northerly elements such as grebes,
Podicipedidae, waterfowl, Anatidae (some may also be southerly in origin), vultures, hawks,
and falcons, Cathartidae, Accipitridae, and Falconidae, the plovers, Vanellus resplendens and
Charadrius alticola, an avocet, Recurvirostra andina, a stilt, Himantopus himantopus, and a gull,
Larus serranus, doves and pigeons, Columbidae (some species may be southern in origin), a
terrestrial owl, Athene cunicularia, a lew Caprimulgidae and Apodidae, a terrestrial woodpecker,
Colaptes rupicola, and several swallows, Hirundinidae. Most of the families of lowland tropical
origin are absent, but there are a varicly of hummingbirds, Trochilidae, and some Tyrannidae
and Emberizidae that may also have lowland origins.

The southem three-quarters of the western slopes of the Peruvian Andes have the least
diverse avifauna, but there are a wide variety of habitats and much endemism. In the northern
quarter there are rich, continuous humid temperate forests, but at about the level of Chiclayo,
department of Lambayeque, these forests begin to be patchy, and the paiches decrease in size
to the south until they disappear in the department of Huancavelica. These humid forests
support an avifauna that has its origin in many places, bul there are a varicty of tropical groups,
such as Psittacidae, Trochilidac, Trogonidae, Formicariidae, Cotingidae (including the endemic
Ampelion stressemani in the southern patchy woodlands), and Emberizidae (Thraupinae), which
are found as far south as the forests exist.  In the north, where the forests are more continuous
and botanically rich, there are many more tropical forms, including Cracidae, Momotidae, and
Dendrocolaptidae, among others. The highest ridges in the hills of the Bosque Nacional de
Tumbes barely qualify for inclusion in this discussion, but support the richest of the western
humid subtropical forests, and have a correspondingly varicd avifauna with lots of species of
Amazonian and Mesoamerican origin (although the resident form is usually differentiated at
the subspecific level). _

On most of the western slopes below the 2500 m level, there are only arid habitats with a
low avian diversity, but with fair endemism at the species level. Fumariidae, Emberizidae,
Tyrannidae, and Trochilidae predominate, but with a scattering of species of other, often more
tropical, families. For a schemalic presentation of the habitats of the central and southern parts
of the western slopes see Koepcke (1964), in which she presents a cross-section of the sixteen
habitats she recognizes from sea-level to the level of permanent snow. Since the waters off the
Peruvian coast are cold, clouds are not able to release their waler until they meet up with the
Andean slopes somewhat inland, and thus the lower vegetation zones are extremcly poor in
diversity. Just at the level at which the ocean-produced clouds meet the tops of hills fairly
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- ellose to the coast, the amount of water is great enough to form a mist and in the winter the land
i actually wet enough to allow the growth of bushes and small trees. This very specialized
 Babitat, which is otherwise surrounded by dry desert, is known as the "lomas” formation, When
- e mist causes leafing and blooming of the vegetation, a number of species that would otherwise
- mot exist in such a barren desert habitat are found there, some as residents and others just as
- Breeding birds. This is a uniquely Peruvian habitat and is under great pressure from livestock
- gt eat seedlings and adult plants, as well as from humans who scek firewood; some "lomas”,
especially larger ones such as that of Lachay, arc being protected, but many have almost been
eliminated.

In the northemn third of the country there are also vast tropical and subtropical deciduous
fiorests that give way o desert scrub not covered here. The deciduous forests host many
endemic species of birds (as well as other organisms), the origins of which are a mixture of
Central American and Amazonian,

From approximately 1500 m up, on most of the southern three-quarters of the slopes, there
are scattered areas of rocks with grasses and cacti of various kinds, When these also contain
terrestrial bromeliads, they are often inhabited by one of the five species of Inca-Finches,
genus Incaspiza (Emberizidac), which are all endemic to Peru. As one proceeds up the western
siope the amount of vegetation increases from almost none (scattered groups of Tillandsia
bromeliads that subsist on sand), to areas with cacti and small bushes, and on to scattered,
isolated woodlands mentioned previously. At timberline, bunch grasses take over, and above
that, just below permanent snow, are communities of cushion plants and other flora highly
specialized for an existence in intense solar radiation, high winds, and great temperature and
humidity fluctuations. Even at these very high elevations of 4000 m or more there arc birds
such as a Furnariid, Cinclodes palliatus, a Trochilid, Chalcostigma olivacea, Emberizids, Diuca
and Phrygilus, a Tinamid, Tinamotis pentlandii, and, in wetler areas, a Charadriid, Phegornis
mitchelli, and a Thinocorid, Attagis gayi.

Scattered along the uppermost slopes of the eastern and western Andes at elevations of
mostly more than 3500 m are the isolated woodlands of Polylepis, one of the highest growing
groups of trees in the world. There are a number of birds endemic to these woodlands, but one
of the most interesting is the Giant Conebill, Oreomanes fraseri, an Emberizid (Thraupinae)
colored rusty below and gray above, similar to the two most prominent colors of the ever-peeling
Polylepis bark. The unique and special birds of these distinctive and endangered woodlands
are discussed by Fjeldsa (1992).

In the canyons cut into the mountains by the Marafién, Urubamba, Apurimac, Mayo, Ene,
and Alto Huari-Huari rivers there are areas of dry forest and desent, that of the Marafién having
many endemic speeies of birds, including a Columbid, Calumba oenaps, a Psittacid, Forpus
xanthops, Fumariids, Synallaxis maranonica, Thripophaga berlepschi, and Phacellodomus
dorsalis, a Rhinocryptid, Melanopareia maranonica, a Turdid, Turdus maranonicus, and the
Emberizids, Thlypopsis inornata, and Incaspiza watkinsi, among others, as well as endemic
subspecies of many birds of the arid habitats of the western slopes. Additionally there are
endemic subspecies of several widespread Soulh American dry habitat birds such as the fumariid
Phacellodomus rufifrons, the Formicariid Thamnophilus punctatus, and the Emberizids,
Coryphospingus cucullatus and Emberizoides herbicola.

Other intcrmontane river valleys have some of the same widespread dry habitat species, but
birds of distributional interest include the Bucconid, Nystalus chacury, in the Apurimac, the
Emberizids, Tangara cayana in the Mayo and the recently-described Tangara
meyerdeschauenseei in the Huari-Huari.
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Other isolated areas along the eastern Andes include the Cerros del Sira in the department
of Huéinuco, with several endemic forms including the Emberizid (Thraupinae) Tangara phillipsi,
and the Cordillera Vilcabamba in the department of Cuzco with many undescribed, but endemic
forms, including the Fumariid Schizoeaca vilcabambae, and the Emberizid (Thraupinae)
Hemispingus parodii.

Additionally, there are many outlying ridges that are high enough to have endemic forms,
but have yet (0 be surveyed. At this time terrorisim and coca growing are both most active in
areas adjacent (0 many of these most interesting montane islands, precluding their investigation
until changes make them reachable in relative safety.

The eastern slopes of the Peruvian Andes are without doubt the most diverse of the entire
chain, and this high diversity certainly applies to birds. From the scattered areas of puna/
paramo well above timberline down through timberline bamboo and fem thickets into wel
temperale forest and on down through wet subtropical forest to the upper tropical forest just
above the vast Amazonian plain, this unique diversity is irreplaceable. The lower areas, especially
upper tropical and lower subtropical zones, have relatively good soils, a pleasant climate, and
are rapidly being cleared and used for agriculture and other human necessities. The rapidity
with which these areas are being eliminated from the face of the earth is astounding.
Conservationists the world over cry out for rainforest protection, but few people seem to
recognize that the lower montane forests exist only in a patrow band along the base of the
Andes, and that a relatively small amount of clearing can remove a greai percentage of it in a
very short time. Clearing millions of hectares of lowland forest still leaves millions more;
clearing millions of hectares of lower montane forest removes a great portion of it forever with
no more to clear. As a biologist, I view the Andes as one of the most complex and incredible
evolutionary showcases in the world, and for this alone they are worth protecting. Man,
however, has been in the Andes for thousands of years and is a major part of them. In the last
100 years or so the human population in the Andes, especially in the forested areas, has
mushroomed, and there is no indication that this population growth will slow much in the near
future. The interaction between the Andean forests and the rivers that are born in them and the
lowland forests and their rivers is probably the single most important connection between man
and the environment. Because of major forest destruction we already see that the water cycle
is speeding up--water now runs unchecked out of many cutover montane areas rather than
being released slowly from a vast network of epiphyte-filled foresis; there is a great increase of
sill in the lowland rivers, affecting aquatic organisms in many ways. Deforestation in the
highlands of Peru may be affecting climates in areas as far away as Eastern Brazil or further.
Additionally the smoke from the burning of felled forest fills the atmosphere with pollution and
alters the amount of light reaching the earth.

The Peruvian Andes are biologically the most diverse in the entire chain, and they also have
the greatest effect on the climate of the South American continent. Of the 112 species of birds
endemic to Peru, all but six are Andean in distribution {(Appendix). The conservation of the
Andean habitats for the sake of their fauna and flora is important enough, but conserving them
for their influence on the watersheds and climate that affect the future of people in Peru and
elsewhere in the world, should make such action of critical concern. In Peru alone we see the
unique western forests and the Polylepis woodlands being destroyed by livestock for food and
by humans for agriculture, firewood and lumber; the few large puna zone lakes are being
polluted and have had- wout iniroduced so that native fish are essentially gone; the grasslands
and shrublands of the punas and piramos are often overgrazed by livestock and some areas are
heavily cultivated; the temperate forests, which are generally too wet for agriculture, are now
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beginning to be cleared for livestock and limited use for high-elevation crops like potatoes; the
richer soils of the subtropical and upper tropical zones have accelerated forest clearing to the
point that intact areas to consider saving are almost nonexistent (this compounded in complexity
by their use for coca growing and the inherent problems that brings); high clevation rivers are
now often highly polluted from mining operations, often directly kiiling many aquatic organisms,
and indirecuy leading to the death of others. The Andes are truly under threat, but their value 1o
a country like Peru is inestimable. Aside from their value as a living laboratory of evolution
for the future gencrations of the country, they are the key to most of South America’s climate
(and thus its agriculture), and lastly, they are among the most beautiful mountains on earth and
have a tourism value to Peru that cannot be adequately calculated.
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APPENDIX
Species of birds endemic to Peru. The six species asterisked are non-Andean in distribution,
Family Tinamidae Colaptes atricoilis Ochthoeca piurae
Nothoprocta taczanowskii Family Furnariidae Tumbezia salvini
Nothoprocra kalinowskii Geositta peruviana Mylarchus semirufus
- Family Podicepedidae Geositta saxicoling Family Pipridae
Podiceps taczanowskii Geositta crassirostris Pipra coeruleocapilla
Family Ctacidae Ugﬂwnhm ser‘mmz Family Cotfngldae
Piksl ” y Cinclodes palliatus Ampelion sclateri
' e 0{_’ ¢ albipennis Cinclodes taczanowskii Ampelion siresemanni
Family Ralidae Leptasthenura pileata Pipreola pulchra
:, Rallus peruvianus Leptasthenura xenothorax Cenioptilon mcilhennyi
-~ Family Columbidae Synaliaxis courseni Phytotoma raimondii
Columba venops Synallaxis maranonica Family Hirundinidae
- Family Psittacidae Synallaxis zimmeri Tachycineta stolzmanni*
Cranioleuca furcata Family Troglodytidac

Forpus xanthops
Otus marshalli
Otus pefersoni
Otus roeboratus
Xenoglaux loweryi
Family Trochilidae
Phaethornis koepckeae
Chlorostilbon auratus
Leucippus baeri
Amazilia viridicanda
Phlogophilus harterti
Oreotrochilus stolzmanni
Oreotrochilus mefanogaxfér
Aglaeactis castelnaudii
Aglaeactis aliciae
Heliangelus regalis
Polyonymus caroli
Metallura odomi
Metallura theresiae
Metallura eupogon
Taphrolesbia griseiventris
Oreonympha nobilis
Loddigesia mirabilis
Family Capitonidae
Eubucco tucinkae*
Family Ramphastidae
Aulacorhynchus huallagae
Family Picidae
Picumnus steindachneri
Picumnus subtilis

Cranioleuca marcapatae
Cranioleuca albicapilia
Siptomopsis hypochondriacus
Schizoedaca palpebralis
Schizoeaca vilcabambae
Schizoeaca helleri
Asthenes caclorum
Asthenes ottonis
Asthenes virgata
Thripophaga berlepschi
Phacellodomus dorsalis
Simoxenops ucayalae
Family Formicariidae
Herpsilochmus parkeri
Myrmoborus melanurus
Pithys castanea*
Formicarius rufifrons*
Grallaria eludens*
Grallaria andicola
Grallaria carrikeri
Grallaria erythroleuca
Crrallaria capitalis
Grrallaria blakei
Grallaricula echraceifrons
Family Rhynocryptidae
Melanopareia maranonica
Scytalopus macropus
Family Tyrannidae
Anaireles agraphia
Leptopogon taczanowskii
Poecilotriccus atbifascies
Hemitriccus cinnamomeipectus

Thryothorus eisemmanni
Henicorhina leucoptera
Family Muscicapidae
Turdus maranonicus
Family Emberizidae
Subfamily Thraupinae
Nephelornis oneilii
Tangara meyerdeschauenseei
Iridosornis reinhardti
Wetmorethraupis sterrhopteron
Buthraupis aureodorsalis
Ramphocelus melanogaster
Thiypopsis pectoralis
Thlvpopsis inomata
Hemispingus parodii
Hemispingus rufosuperciliaris
Subfamily Emberizidae
Aflapetes rufigenis
Sporophila simplex
Sicalis raimondii
Poospiza alticola
Poospiza rubecula
Poospiza caesar
Incaspiza personata
Incaspiza pulchra
Incaspiza ortizi
Incaspiza laeta
Incaspiza watkinsi
Piezorhing cinerea
Subfamily Iclerinae
Cacicus koepckeae*
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Fig. 3. Cranial

and mandibular
measurements used in
the morphometric
analysis.

AGE CRITERIA. Age classes were determined based upon the degree of fusion of the

basisphenoid-basioccipital suture, the finger joints and by the degree of tooth wear. Five age

classes were defined:

Class I (juvenile) specimens lacked fusion in several cranial sutures other than the basisphenoid-
basioccipital one, possessed areas of incomplete ossification especially in the rostrum, had
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conspicuously translucent and cartilaginous epiphyses of the finger bones, and presented
pelage color consistently darker and more homogencous than the other classes.

Class II (sub-adult) specimens were identified by the nearly closed basisphenoid-basioccipital
suture and the complete closure of other cranial sutures, Morcover, the sutures of the finger
bones were usually completely ossified, but dark pelage coloration persisted in some
specimens.

Class III (adult) specimens showed complete ossification of cranial sutures and regions and
adult pelage, but tooth wear was not apparent.

Class IV (adult) was similar to class 11 in all respects except for the more conspicuous degree
of woth wear, especially of the upper premolars and molars.

Class V (adult) showed a higher degree of tooth wear in all the upper and lower teeth, including
the incisors, but the molar shape still resembled the other two adult classes.

Reproductive activity (i.e., scrotal males, pregnant or lactating females) was detected
only in classes IIT o V. Specimens presumably older than age class V, because of highly
eroded or lost teeth, were not included in any analysis, although some of them were still

reproductively active.

ANALYSES OF NONGEOGRAPHIC VARIATION

Analyses of nongeographic variation in each of four Sturnira taxa were based on the largest
single sample available. For S. erythromos, nongeographic variation was assessed in a samplc
of 30 specimens collected at Canchaque, Piura, (v) at 1737 m clevation from 5-10 December,
1984. Both sexes and all age classes except class 1T were represented. Unfortunately, none of
the other samples included ali the age classcs or was large enough to be analyzed for
nongeographic variation. For S. bogotensis samples from Bosque de Zrate and San Bartolomé,
Lima were combined into a single locality (28 specimens). These samples were assumed to
represent a single population as the (wo localities are only 3 km apart in the same river system
(Rio Seco, Lima); this sample was represented by age classes IT to V. The largest locality
sample analyzed for §. ludovici was from Los Venados, Caracas, Venczuela (14 specimens);
and for §. oporaphilum the largest sample was from Cerro de Pantiacolla, Madre de Dios, Peru
(22 specimens).

All analyses were performed using subroutines of Version 6 of the Statistical Analysis
System (SAS; SAS Institute, Inc., 1987). Standard statistics {mean, range, standard error,
coeflicient of variation, skewness, and kurtosis) were calculated for cach variable within each
age class (MEANS and UNIVARIATE procedurcs). Normality of distributions, assumptions
of ANOVA and MANOVA procedures, was tested for each variable with the NORMAL option
(UNIVARIATE procedure), utilizing the results of the Shapiro-Wilk's test and the skewness
and kurtosis coefficients. ANOVAs were calculated to test the null hypothesis of no significant
differences in each character between sexes or among age classes nested within sex. MANOVA
multiple test statistics (i.e., Wilks' Lambda, Pillai’s Trace and Hotelling-T.awley trace) were
scored (P < 0.05) for each set of variables for an overall sex and age cffect. Because this
method uses correlations among the variables, in contrast to the analogous univariate statistics,
it is considercd the most appropriate for evaluating overall group differences (Willig ef al., 1986).
Subsequently, Duncan’s multiple range test was used (o determine differences between sexes
and age classes. Because no overall sex differences were found for Sturnira erythromos and
bogotensis, sexcs were grouped for subsequent analyses. Only the juveniles were found to
differ significantly from other age classes and were cxcluded from all subsequent analyses.
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The other two species, S. oporaphilum and S. ludovici, were found to be significantly sexuvally
dimorphic,

To increase sample sizes for study of geographic variation, specimens from the individual
localities were combined to form grouped localities. Geographic proximity and siatistical
homogencity were used as guides in combining samples. Nearby localities that were not
separated by major geographic features such as rivers, mountains, or elevational differcnces
werc tentatively grouped. Duncan’s multiple range (P < 0.03) performed for each character
across the original localities provided assurance that the grouped localities enclosed homogeneous
groups of the original localities.

Because of the extensive variation of continuous and discrete characters between Sturnira
erythromos and S. bogotensis and between §S. ludovici and S. oporaphilum (hroughout their
geographic ranges, we pursucd the geographic analyses on pairs of closely related taxa,
erythromos-bogotensis and ludovici-oporaphilum, based upon results of phylogenetic
relationships (Pacheco & Patterson, 1991). Homogencity among grouped localities across all
characters was also examined using a one-way MANOVA (SAS: GLM, MANOVA). Duncan’s
tests were conducted as well for each character, to determine whether grouped localities were
internally homogeneous.

Principal component analyses (PCA) were performed, based on matrices of correlations
among characters (SAS: PRINCOMP). The analyses examined patterns of variation among the
grouped localities for each pair of taxa. Mean scores of the first three components for grouped
localities were used, to project a three-dimensional pattern of variation.

Mean values of each variable for each grouped locality (MEANS procedure) were delermined
for the erythromos-bogotensis and ludovici-oporaphilum pairs. Siandardized average distance
coefficients among localities (defined as the Euclidean distance among samples in a character
space of n dimensions) were prepared and used by the UPGMA (unweighted pair-group method
using arithmetic averages) clustering method 10 compose phenetic dendrograms (Sneath &
Sokal, 1973). The UPGMA algorithm computes the average similarity of a candidate object to
an existing cluster, weighting each object in that cluster equally, regardiess of the cluster’s
structural subdivision (Sneath & Sokal, 1973). To maximize sample size and retain most
localities, only cranial and dental characters were used for each pair of taxa. Because Sturnira
ludovici and S. oporaphilum samples were found to be sexually dimorphic, the characters for
males and females were treated as independent characters, Thus, cluster analyses were based
on a data matrix with doubled number of characters (Schoell et al., 1978; Owen, 1987},

GENETIC ANALYSIS

Electrophoretic analysis of frozen tissues was done by running aqueous extracts of tissues
prepared by standard procedures on horizontal starch gels. The procedures and recipes for
buffers and stains followed Selander et al. (1971) and Harris & Hopkinson (1976). Additional
information for procedures applied to Sturnira samples is reported in Pacheco & Patterson (1991).

To examine genetic variation among populations of cach species, we calculated the index of
average polymorphism P(%) and the observed values of heterozygosity H for each population
containing more than two individuals. A locus was considered polymorphic when allele
frequencies were not greater than 0.95.

Phenetic analysis of electrophoretic data was pursued by conversion of the allele frequency
data (Pacheco & Patterson 1991, Table 3) to genetic distances. Genetic distances Nei’s D) and
Rogers’ D (Wright, 1978) were subjected o the Fitch-Margoliash tree-generating algorithm
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understood before assessing geographic variation. Main effects due to sex and age were
determined for each of the four Sturnira taxa.

Tests of normality conducted on non-transformed data for the samples from Canchague and
Lima showed a leptokurtic distribution for HBL and WEIGHT characters for both populations,
and a skewed distribution for WEIGHT in the Canchaque sample; alt the remaining characters
were normally distributed. As none of the extemal characters were included in the geographic
analyses, locality samples were assumed to fulfill the assumption of nomnality made by the
statistical analyses. Therefore, logarithmic transformations common to morphometric analyses
were not conducted.

For Sturnira erythromos, the Canchaque sample (1 = 30; age classes I, 11I-V) was analyzed
for main effccts due to sex and age. The sample sizes for each character set and ANOVA
results are shown in Appendix D of Pacheco (1989). MANOVA results between scxes indicated
no overall differences between males and females (P < 0.05). Marginally significant differences
were found only for C1C1 and MANDCW. MANOVA results among age classes with sexes
pooled showed an overall significant age effect in the cranial set of characters (n = 29; P < 0.1
for Wilk’s Lambda; and P < 0.05 for Pillai’s Trace). PALTL, ZYGW, BRW, MXBR, LACW,
MANDCW, M2M2 and DENT differed significantly with age. Duncan’s test identified age
class I as differing from the remaining age classes. ‘The external and dental character sets did
not differ significantly among age classes, as might be expected from the rapid growth of
juveniles (Kunz, 1987). '

The analyses of Sturnira bogotensis (Lima sample) was based on 28 individuals (age classes
II-V), but the sample size varied for each character sct because of missing values. MANOVA
results for the external and dental characler sets showed that overall differences due to sex and
age were nonsignificant, although males averaged larger than females in most characters. No
muliivariale test was possible for the cranial character set due to small sample size and the
number of cranial characters; however, Duncan’s multiple range (cst differentiated male and
female classes on seven of the 20 external characters (PALTL, MXTRL, ZYGW. LACW,
CICI1, DENL, DENTXP < 0.05). This indication of sexual dimorphism has to be considered
cautiously because it might be due to the unequal number of individuals per sex. In any case,
the degree of sexual dimorphism seems small compared to other highly dimorphic bat species
(McLellan, 1984; Power & Tamsitt, 1973; Tamsitt & Valdivieso, 1986) and it is considered
negligible hereafter. With regard to age, Duncan’s multiple ran ge tests showed age differences
only for MXTRI, and M2L, with all the remaining characters being homogeneous among age
classes. These results, like those for S. erythromos, indicate the absence of significant variation
among age classes II to V, permitting them (o be treated collectively in the geographic analyses,

Sturnira oporaphitum and S. ludovici samples were examined for sex differences with age
classes II to V (pooled) using one-way MANOVA. Because of small sample sizes, the results
should be considered indicative rather than conchusive. For §. oporaphilum from Pantiacolla,
Madre de Dios, Peru (n = 22) none of the overall multivariate tests for the three character sets
were significant (P < 0.05). However, ANOVA results showed 12 of the cranial characters to
have moderate (P < 0.05) to highly significant (P < 0.001) sex differences (GSL, CBL, ZYGW,
MSTW, BRW, LACW, CIC1, MANDL, MANDCW, CORH, M2M2, and DENT). In the
dental character set, M2L was marginally significant (P < 0.1). It seems that S. oporaphilum
tends o be a sexually dimorphic species and so was considered hereafter '

For Sturnira ludovici (n = 14) from Los Venados, Caracas, Venezuela, results showed
significant sex differences for 11 of the 20 cramial characters (GSL, ZYGW, MSTW, LACW,
POW, MIM1, CIC1, DENL, MANDL, MANDCW and M2M2). The sample size was too
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A second cluster analysis was based mostly on Peruvian samples and one from Ecuador
(Fig. 5). This analysis was intended to compare western versus eastern populations in the
Peruvian region without the effect of northern populations of Sturnira erythromos and §.
bogotensis. This dendrogram also showed two main clusiers; the upper referred to S. bogotensis
and the lower to §. erythromos. At a distance of 0.55, the lower cluster contains four subunits.
The identification of locality (u) as distinct at this level is probably duc to small sample (n = 2,
both females). The three other subdivisions involved almost the same localities as the first
dendrogram. The first cluster (x, o, t} enclosed samples that were not neighbors. The second
cluster (s, w, q, o), except for locality o, represented samples from central and southern Peru
(Hudnuco, Puno and Cuzco). Finally, the third cluster (1, p, n, m, v, r) is made up of samples
from northern Peru and one from Ecvador. The two samples from Amazonas, Peru (n, m) were
most similar, while the sample from Peru, Piura (v) was most similar to sample (1) from La
Libertad. It appears from these comparisons that UPGMA primarily clustered neighboring
localities, but regional subdivision is not clearly defined.

Because the ludovici-oporaphilum samples cxhibited significant differences due to sex, cluster
analysis was performed using the mean character of each sex as a separate variable.
Unfortunately, grouped localities not having both sexes, or with missing values, could not be
analyzed. However, separate dendrograms by sex, and with sexes pooled were conducted
mostly for comparisons. At a distance of 1.1, UPGMA identified two main clusters (Fig. 6).
The first (I, H, C) was composed of samples identified as 5. Judovici and the second cluster (E,
N, K, G, F, S, O, M, B) by samples of both S. fudovici and S. oporaphilum. The Venezuelan
samples (H and I) were widely separated from the Colombian sample (C), from samples of §.
ludovici from Ecuador (paratype included) and from representatives of S. oporaphilum that are
placed in the second cluster. It is proposed that these Venezuclan samples represent a different
morph. On the other hand, Peruvian samples (N and K) of S. eporaphilum from Cajamarca, Zafia
and Amazonas, Rio Cenepa were clustered with the Ecuadorian sample from Zamora-Chinchipe
(G). This resemblance seems to indicate that this Ecuadorian sample is better referred to
oporaphilum and that samples were not aifected by geographic barriers such as the Rio Marafién
or the Huancabamba Depression. Moreover, it indicates that the northern Peruvian samples
more closely resembie the easiern Ecuadorian samples than the western Ecuadorian specimens.
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Fig. 6. UPGMA dendrogram for Sturnira ludovici and S. oporaphilum derived from morphological
data. Codes are the same as in the Appendix.
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F, analyses were conducted to investigate genetic structure among the populations of Sturnira
erythromos and §. bogotensis. An overall analysis resulted in a value of F_ = 0.10 (S.E. =0.0246)
suggesting moderate genetic differentiation. However, continuous gene flow seems likely
among the eastern slope populations (see above). In spite of its proximity to the Ancash,
Huaylas sample (assigned to S. bogortensis), the Rio Mosna sample (er-0), clustered with the
castern population group of S. erythromos. This result is also reflected in the low genetic
differentiation (¥ = 0.0042, SE = 0.0042) between the eastern samples (er-1, er-3, er-5, er-8)
and the Rio Mosna samples. This suggests that the Rio Mosna sample is best assigned o .
erythromos. An F_ analysis comparing the Piura, Lucuma sample (er-6) and pooled specimens
from the eastern slope (er-1, er-3, er-5, er-8) also showed a low degree of differentiation (F =
0.0013, SE = 0.0013). ‘The S. bogotensis sample from Lima (bo-1) differed significandy from
eastern slope (F,, = 0.0632, SE = (0.0215), from the Piura, Lucuma (F, = 0.0562, SE = 0.0509),
and from the Ancash Rio Mosna (F, = 0.0435, SE = 0.0319) samples. 'ﬂwsc values corroborate
the genetic distance analyses which showcd that samples {rom the eastern slope (er-1, er-3, er-
5, er-8), from the northwestern side of the Andes (er-6) and from the headwaters of the Rio
Marafién (er-0) are not genctically different. These values indicate that certain degree of
genetic differentiation exists to separate the Lima sample allied to S. bogotensis and the eastern
samples allied to S. erythromos, supporting the results obtained by morphological data. Although
no fixed allelic differences were found between them, this might be a result of the limited
number of polymorphic loci found.

The Zafia Valley, in Cajamarca, Peru is a critical locality because it is placed between the
Huancabamba and Lima regions of the westem slope. However, only a single specimen from
the region is available, and was not included in the genetic analysis. Morphologically, this
specimen resembles and clusters closer to the eastern slope populations than to the Lima
population (Fig. 8); therefore, it is here aligned to S. erythromos. Moreover, genetically it has
alleles more frequent in S. erythromos than to S. bogotensis (see Table 3 in Pacheco & Patterson,
1991).

The F_ value of 0.1158 (SE = 0.0263) for all Sturnira oporaphilum populations suggests
moderate genetic differentiation. However, pairwise comparison of samples from Northern
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Peru to Bolivia, Santa Cruz, San Rafacl de Amboro, showed very low genetic differentiation
(F,, ranged from 0.0208 to 0.0366). This suggests that, at lcast south of the Rio Marafion, S.
oporaphilum populations are not genetically differentiated and likely represent one genetic
unit.

BIOGEOGRAPHIC RESULTS

Regression analyses showed that neither clevation nor latitude was correlated with size
variation. For Sturnira erythromos, R* was 0.080 for elevation and 0,067 for latitude, and
neither value was significant. For other species elevation regressed on size was also not
significant, S. bogotensis (R* = -0.032), . Iudovici (R? = 0.066), S. oporaphilum (R? = 0.044).

Mantel tests involving the Sturnira erythromos populations showed that geographic distance
explained a significant percentage of the genetic differentiation. Linecar geographic distance
was correlated with Nei's D at 0.4643 and with Rogers’ D at 0.440. In both cases, the observed
values were significantly different from values expected by chance alone (P < 0.005). Obviously,
the different underlying assumptions of the genetic distance measures do not influence resulis.

Mantel tests were also conducted for indirect geographic distance using Sturnira erythromos.
The results showed higher observed correlations than with linear distances. The observed
correlations were (0.5411 and 0.5768 with the Nei’s D and Rogers’ D respectively. In both ca-
ses, the observed results were significantly different from the values expected at random:
0.00398 and -0.019 respectively. Considering that geographic distances arc indeed very simple
variables, with no historical or ecological implications for the species, it is significant that
geographic distances explained a large percentage of the genetic distance values.

DISCUSSION

With regard to the status of Sturnira erythromos, de la Torre mentioned, "The few specimens
available suggest the exisience in the Andes of a large race in the north (Colombia, Venezuela),
and of a smaller race in the south (Peru)" (de la Torre, 1961:128). Implicitly, he recognized S.
e. bogotensis for the northern morph and S. e. erythromos for the southern one. Subsequently,
additional specimens of the large morph were collected in Venezuela (Handley, 1976) and
accorded recognition as a species, based on sympatric distributions with S. erythromos. Thus,
§. bogotensis has been used in the literature (Corbet & Hill, 1986: Honacki et al., 1982; Linares,
1986). The discovery of Sturnira bogotensis populations in the central western slopes of Peru
resulted in a southern extension of its range by more than 1500 km. Our results suggest that de
la Torre’s distinction of northern versus southermn morphs can best be explained by a pattern of
distribution of western (bogotensis) versus eastern (erythromos) over a comparable range of
latitudes. : .

The high degree of genetic similarity among the Sturnira erythromos samples was
demonstrated in Table 1. This similarity is especially striking with respect to the sample from
Ancash, Rio Mosna (d) which is identified as S. erythromos despite its proximity to the Ancash
population of S. bogotensis (c) on the western side of the Cordillera Blanca, A certain degree
of genetic differentiation is found between S. erythromos and . bogotensis based on larger
genetic distances between them than when comparing any two conspecific samples. Our
cluster and Fst analyses also show evidence that S, bogotensis and S. erythromos in Peru are
genetically distinct.  As mentioned earlier, the Lima sample was allocated 1o S. bogotensis
based on greater morphological similarity with specimens from Colombia, La Uribe (the type
locality) than with the smaller specimens from the eastern side of Peru (Fig. 7). However, this
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level of morphological variation is not paraileled by marked genetical differentiation, at least
relative to the other species of Sturnira (see Table 6 in Pacheco & Paiterson, 1991). Where
morphological differences are sufficient to recognize distinct taxa, one expects also to find
evidence of genetic differentiation expressed by allozyme variation. Although speciation evenis
may not be related to genetic differentiation (Patton & Yang, 1977; Patton, 1980), but rather be
a function of time and degree of separation of populations (Avise & Ayala, 1976; Soulé, 1976),
still allozyme differentiation often accompauies speciation.

These results can be interpreted in at least two ways. First, as a case of a recent speciation
event that has not yet produced significant genetic differentiation; in this event §. erythromos
and S. bogotensis constitute two different species. This would be similar to a casc reported for
two species of minnows (Hesperoleucus) with Nei's D = 0.055 (Avise and Ayala, 1976) or
with sibling bird species (Avise & Zink, 1988). Second, the morphological and genetic
differences may be indications of the presence of two wel-differentiated subspecies, S. e.
erythromos and §. e. bogotensis, as proposed by de la Torre (1961); in which event, both taxa
would not have extensive reproductive isolation. The answer could be decisive support for the
first hypothesis given the sympatry reported by Handley (1976). However, Venezuelan
bogotensis from Tabay (z), although larger than nearby erythromos, are not as large as or si-
milar to typical bogofensis as can be seen in resuits of our cluster analysis (Fig. 4). On the
other hand, the western Peruvian samples closely fit the description of bogotensis, and this
similarity is reinforced by direct comparisons (Fig. 4). Unfortunately, frozen tissues and therefore
genetic data for Venezuelan and Colombian Sturnira were not available at this time. Only
additional genetic data from Venezuelan and Colombian bogotensis will help to resolve their
taxonomic status. We consider then that the existing morphological and genetic variation
reported here for S. erythromos and S. bogotensis from Peru is better interpreted as supporting
the recognition of two species.

The taxonomic status of Sturnira oporaphilum and S. ludovici appears more complex.
Unfortunately, tissue samples and genetic data were limited to Peru and Bolivia. The
morphological and genetic data suggest that only one species exists in Peru and Bolivia, and is
assigned to oporaphilum using the oldest available name (Tschudi, 1844). As mentioned above,
the Ecuadorian (including types) and Colombian Judovici did not differ much from the Peruvian
oporaphilum, at least as compared to the samples from Venezuela (H, I; Fig. 6). In general, the
northemn samples are larger than the southern ones (Fig. 8), and it may be tentatively suggested
that at least Colombian and Ecuadorian ludovici are indeed large oporaphilum, but further
taxonomic comments on these species must await 2 more integral revision that includes the
taxa hondurensis Goodwin, 1940 and occidentalis Jones and Phillips, 1974.

Morphologically, a number bf bat species of Phyllostomidae are found to be homogeneous
in the Neotropics. Reported works are: Carollia perspicillata from the Amazonian region
(McLellan, 1984), Phyllostomus discolor from samples of the eastem side of the Andes (Power
and Tamsitt, 1973), and Sturnira magna in most of its distributional range (Tamsitt and
Valdivieso, 1986). Although few species have been analyzed for morphological variation, other
species appear to be as phenetically homogeneous as S. erythromos. Tamsitt and Valdivieso
(1986) examined correlations of morphometric variation in S. magna with climatological va-
riables. They failed to find significant correlation with lemperature, precipitation,
evapotranspiration, elevation or latitude. Similarly, our results of regression analyses suggest
that morphological variation {size) is not correlated with either elevation or latitude across a
major part of the distributional ranges of four species of Sturnira. Thus, neither elevation nor
latitude explains much of the existing morphological variation.
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Additionally, we have attempted to explain the biogeographic distribution of Sturnira

erythromos, because of its larger sample size. We have shown above that populations of

- Stumnira erythromos in South America are phenetically homogeneous, Two geographic barriers
mn the Peruvian region (i.e., the arid lower Rio Maraiién and the Huancabamba Depression)
apparcntly do not promole morphological differentiation between populations on either side.
In analyses of genetic differentiation, we found very little genetic variation among six populations
m the Peruvian region, suggesting that genc flow among those samples is important in impeding
morphological and genetic differentiation.

Plainick & Nelson (1978) showed that dispersal patterns can be explained in many ways
which make testing the role of specific variables difficult. Sturnira erythromos, and likely other
bat species, have many ways to overcome what might otherwise appear to be barriers. Mountains
could be bypassed directly by flying over the tops or indirectly along the slopes. Both alternatives

- were evaluated with the Mantel tests. Results show that both are possible, although the
- cofrelations with the indirect distances were slightly higher. Dispersal along the slopes of the
Andes seems also the most feasible as it requires fewer changes (e.2., in habitats, diet, temperature
- and precipitation) than when crossing the mountains. In addition, stenodermatine bats have not
been found at elevations higher than 3800 m (Koopman, 1978) and most of the Andean
Cordillera is well above 4000 m.

Major river systems such as the Rio Maraiion can likely be crossed directly or by dispersing
along the slopes of the valleys. Finally, low mountain passes such as the Huancabamba
Depression could be crossed by using the small patches of suitable forest at both sides of the
pass, or when habitat conditions are temporarily less xeric, as for example during cycles of the
El Nifio Southern Oscillation.

Few data are available on the dispersal potential of neotropical bats (Humphrey & Bonaccorso,
1979). In a detailed study of Carollia perspicillata, Fleming (1988) gives 2.6 y of average life
expectancy, and mentioned a high percentage of philopatry in adult specimens (over 80%).
Dispersal takes place mostly at juvenile stages. Ome specimen of Artibeus jamaicensis was
recaptured in Barro Colorado Island, Panama seven years after its initia! capture (Wilson &
Tyson, 1970), suggesting a pattern similar (o that of Carollia perspicillata. Assuming that
Sturnira erythromos shares this pattern, the isolation-by -distance model implicated in analyses
of genetic variation agrees with this philopatry pattern, Species with higher dispersal abilities
(high dispersion rate or distance} would have larger neighborhood size, which is the area where
mating is expected to be at random.

The role of dispersal as a major zoogeographic factor has also been emphasized by Koopman
(1978, 1982). He analyzed the distribution of bat species with special reference o the Andes
and did not find many cases which implicated the Andes as an important biogeographic barrier
to east-west dispersal. He concluded that bat distribution offers little support for a vicariance
hypothesis. Qur results confirm that gene flow and morphological homogeneity in 8. erythromos
are not greatly impeded by two geographic features such as the Rfo Maraii6n and the -
Huancabamba Depression.
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APPENDIX

Number before the localities were plotted in Figure 1, Parenthesis ending each record show
the enclosing grouped locality for the multivariate analysis, and square brackets indicate specific
samples used in the electrophoretic analysis. Museum acronyms are as follow: AMNH, American
Museum of Natural History; EPN, Escuela Politécnica Nacional, FMNH, Field Museum of
Natural History; LSUMZ, Museum of Zoology, Lovisiana State University; MUSM, Museo de
Historia Natural de 1a Universidad Nacional Mayor de San Marcos, MVZ, Museum of Vertebrate
Zoology, University of California; USNM, National Museum of Natural History (United States),
PZE, Peruvian Zoological Expedition (FMNH uncatalogued).

Sturnira bogotensis

25. COLOMBIA: Bogot4, La Uribe, USNM 251986-251987 (a).

27. ECUADOR: Azuay, Yanasacha, AMNH 244948 (b).

26. PERU: Ancash, Huaylas, PH 50-51 (FMNH uncatalogued), MUSM 40024003, 4047-
4049(c). .

38. PERU: Ancash, Yungay, Quebrada Llanganuco, MUSM 4004 (c).

28. PERU: Lima, Bosque de Zarate, FMNH 128935, 128793-128794 [bo-1]; MUSM 4013-
4020 (h).

35. PERU: Lima, Canta, Obrajillo, MUSM 4010-4011 (.

30. PERU: Lima, Cafeie, Aiza, MUSM 4038-4039 (e).

29. PERU: Lima, San Bartolomé, FMNH 128789-128792 [bo-11, MUSM 4022-4034 (g).

Sturnira erythromos

23. BOLIVIA: Tarija, Tarija, FMNH 105953; Entre Rios, 25 km NW, FMNH 105990 (i).

17. COLOMBIA: Huila, El Parque las Cuevas, FMNH 58721-58725 (j).

18. COLOMBIA: Huila/Cauca, Rio la Plata, 1 mi N Moscopas, USNM 483453 (j).

65. COLOMBIA: Meta, Cane Aito, NW Restrepo, FMNH 121259 (j).

20. COLOMBIA: Narifio, La Victoria, FMNH 113462 (1).

22. COLOMBIA: Valle, S Pance, 20 km SW Cali, USNM 483451-483452 (k).

66. ECUADOR: Hda. 1a Calera, El Angel, EPN 7821 (1).

67. ECUADOR: El Carchi, Gruta de la Paz, EPN 78853 (1).

68. ECUADOR: Ec. Esmeraldas, Cordillera de Toisan, EPN 851215 (1).

42. ECUADOR: Gualea, Gualea, EPN 2484 (1).

70. ECUADOR:; Pichincha, Chiriboga, EPN 79917 (1).

71. ECUADOR: Pichincha, Perucho, EPN 81350 (1). g

72. ECUADOR: Pichincha, Volcdn Pichincha, EPN 6658-6659 (1).

73. ECUADOR: Uyunabicho, EPN 7479 (1).

59. PERU: Amazonas, 19 km by road E Balsas, FMNH 128796-128799 ler-1],(m).

55. PERU: Amazonas, Corosha, Rio Chiriaco, MVZ 139977-139978 (n).

62. PERU: Amazonas, ca. 20 km (by road) W Leymebamba, FMNH 128800-128808 [er-3}(m).

5.  PERU: Amazonas, ca. 20 km trail E La Peca, LSUMZ 21379-21380, 21382-21383, 21387-
21390, 21392-21396, 21844 (n).

10. PERU: Amazonas, ca. 6 road km, SW Lake Pomacochas, LSUMZ 18986~ 18988, 18991-
18995; MVZ 135573-135574 (n).

74. PERU: Amazonas, Utcubamba, between Churuja and Pedro Ruiz, FMNH 128809 (n).

61. PERU: Ancash, Rio Mosna, FMNH 128781-128788 [er-0)(d).
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PERU: Ancash, San Marcos, Huart MUSM 4005-4006, 4008-4009 (d).

PERU: Apurimac, Bosque Paragay, FMNH 42-44; MUSM 4035-4037 (0).

PERU: Cajamarca, Cajamarca, MVZ 137909-137911 (p).

PERU: Cajamarca, 7 km N, 3 km E Chota, LSUMZ 22106 (p).

PERU: Cajamarca, 11.5 km N, 2 km W Lajas, LSUMZ 22108-22114 (p).

PERU: Cajamarca, Rio Zafa, 2 km N Montescco, FMNH 128811 (p).

PERU: Cuzco, Marcapata, FMNH 75182-75185 (q).

PERU: Cuzco, 32 km NE Paueartambo (km 112), MVZ 171436- 17 1437, 171440-171442
fer-5); MVZ 166598-166599, 171438-171439 (q).

PERU: Cuzco, Piilahuata, FMNH 123888 (qg).

PERU: Hu4nuco, Bosque Taprag, ca. Acomayo, FMNH 110921 (s).

PERU: HuZinuco, Unchog, pass between Churubamba and Hacienda Paty, NNW Acomayo,
LSUMZ 23167-28168, 28173, 28179-28180, 28182, 28185-28188 [er-8](s).

PERU: Junin, Tarma, FMNH 51520 (s).

PERU: La Libertad, Cumpang above Utcubamba, on trail to Ongén, LSUMZ 24701, 24706,
24675-24676, 24680-24682, 24685, 24687-24689, 24691, 24697, 24699 {r).

PERU: La Libertad, Mashua, E of Tayabamba on trail to Ongon, LSUMZ 24658, 2466024661,
24667-24671, 24673-24674 (1).

PERU: La Libertad, Cumpang above Utcubamba, on trail (o Ongon, 1.SUMZ 24695-24696 (a).
PERU: Ucayali, 3rd. km NE Abra Divisoria on Tingo Maria-Pucallpa highway, LSUMZ
22108, 22115 (u).

PERU: Piura, 15 km road E Canchaque, LSUMZ 18952-18056, 18958-1 8959, 18960)- 18065,
18967-18971, 18973-18979, 18981, 18983-18985, 19704 (v).

PERU: Piura, Cruz Blanca, 33 km road SW Huancabamba, LSUMZ 2693()-26933 [er-6),
27107 (v). -

PERU: Piura, Cerro Chinguela, § km N Zapalache, LSUMZ 26925-26927 [er-6](v).
PERU: Piura, Machete on Zapalache-Carmen trail, LSUMZ 2692826920 fer-6)(v).

PERU: Puno, 3 mi NNE Limbani, Agualani, MVZ 139521 {(w).

PERU: Puno, 14 km W Yanahuaya, MVZ 172586-172590 (w).
PERU: San Martin, Puerta de! Monte, 30 km NE Los Alisos, LSUMZ, 27280-27281 (x).
VENEZUELA: Caracas, 9.4 km N of, Hotel Humboldt, USNM 370265-370260 ).
VENEZUELA: Caracas, 5 mi N of, Los Venados, USNM 370226-370227, 370229-370234,
370236-370237, 370240-370242, 370245-370246, 370248-370249, 370251, 370253 (y).
VENEZUELA: Mérida, 5.5km E, 2km S of Tabay, middle refugio, USNM 386564; Mérida,
4 km E of Tabay, La Mucuy, USNM 373798 (z).

Sturnira ludovici

18.
37.

34
22,
81,
40.
40.
39.
42.

COLOMBIA: Huila/Cauca, 1 mi § Moscopas, Rio La Plata, USNM 483510 (A).
COLOMBIA: Magdalena, Sierra Negra, Villanueva, Valledupar, USNM 281259-281261,
281264 (B). '
COLOMBIA: Valie, Dapa, 15 km NW Cali, USNM 483511 (C).

COLOMBIA: Valle, 2 km S de Pance, ca. 20km SW Cali, USNM 483512-483516 (C).
ECUADOR: Carchi, Maldonado, EPN 7975 (F).

ECUADOR: San José, 12 mi SW Huicra, FMNH 48785 (D).

ECUADOR: San Juan, 15 mi W. Huicra, FMNH 48786 (D).

ECUADOR: Esmeraldas, ca. Rio Cauce, FMNH 44296-44297 {notlocated) (F).
ECUADOR: Gualea, W side Pichincha AMNH 67329 (F).
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EVOLUTION AND SYSTEMATICS OF AKODONTINE RODENTS
(MURIDAE: SIGMODONTINAE) OF PERU,
WITH EMPHASIS ON THE GENUS AKODON

by

JAMES L. PATTON and MARGARET F. SMITH
Museum of Vertebrate Zoology, 2593 Life Sciences Building,
University of California, Berkeley, CA 94720, U.S.A.

ABSTRACT

Fifteen species of the sigmodontine muroid rodent genus Akedon s 1. are recognized for Peru. However,
this number is clearly only a minimal estimate: two new species have been recently added to the fauna
of the country (juninensis Myers et al,, 1990; and kofordi Myers & Patton, 1989a); one previously known
only from Bolivia has now been recorded from Peru (fumeus Thomas; see Myers & Patton, 1989a); and
what has been considered as the most wide-spread and common species in Peru (boliviensis Meyen) is
now known to be a composite of at least four distinct species (Myers ef al., 1990). As further field work
continues, particularly in the wet Andean forests and the northern Cordillera, and as more thorough
analyses of specimens existing in museum collections arc completed, this list is sure to grow.

The traditional taxonomy of Akodon, as presented by Tate (1932), Cabrera (1961), and Honacki ef
al. (1982), among others, is clearly an inadequate representation of either the number of subordinate taxa
in the genus or their implied phylogenetic relationships. Taxa traditionally allocated to Akodon in Peru
can now be viewed clearly as a complex of at least three genera (Akodon s.1., Bolontys, and Chroeomys).
The former two genera are sister taxa, but the latter, while a member of the tribe Akodontini, is highly
divergent and apparently related to a complex of genera of the austral forests, including Abrothrix,
Chelemys, and Geoxus. :

While the systematics of this group is, and will continve to be in flux, we aim in this review to
delineate what is known of descriptive morphology, of distribution (geographic and habitat), and of
phylogenetic relationships for those species that occur in Peru. We emphasize sequence variation in the
mitochrondrial genome for the latter purpose, in part because the availablity of museum skins as a
source of DNA makes this approach particularly useful for examining relationships and defining species’
boundaries. In so doing, we also emphasize where additional work is necessary, both in the field and in
the museum. '

RESUMEN

En el Perii han sido reconocidas quince especies de roedores sigmodontinos muroideos pertenecien-
tes al género Akodon si. Sin embargo, este nimero es solamente una estimacién minima ya que dos
nuevas especies han sido recientemente reconocidas (juninensis Myers et al. 1990; y kofordi Myers &
Patton 1989a). Ademds, una especie conocida solamente en Bolivia es ahora reconocida en Peni (fumes
Thomas; ver Myers & Patton, 1989a). Por iltimo, la que ha sido conocida como la especie mds comiin y
de mds amplia distribucién geogrdfica en el Peri (boliviensis Meyen) es ahora identificada como un
complejo de por lo menos cuatro especies distintas (Myers ef al., 1990). A medida que el trabajo de
campo contintie especialmente en los bosques andinos himedos y Cordillera norte, sumados al anélisis
de especimenes en colecciones de museo, esta lista seguramente serd incrementada.

La taxonomia tradicional de Akodon como fuera presentada por Tate (1932), Cabrera (1960} y Honacki
et al. (1982) entre otros, es una representacion inadecuada del mimero de taxa o de sus relaciones
filogenéticas implicitas. Taxa tradicionalmente asignadas al género Akodon en el Peni pueden ser ahora
interpretadas como un complejo de al menos tres géneros {Akodon s5.5., Bolomys y Chroeomys). Los
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primeros dos géneros son taxa hermanas mientras que la dltima, si bien es un micmbro de la tribu
Akodontini, es altamente divergente y aparentemente est4 relacionada al complejo de géneros patagénicos,
que incluye Abrothrix, Chelemys y Geoxus.

Este panorama nos permite decir que la sistemética de este grupe continuard cambiando. Nuestro
Propdsito en esta revisién es presentar lo que se conoce sobre la distribacidn (hdbitat y geografia), la
morfologia descriptiva, y las relaciones filogenéticas de las especies que se encuentran en ¢l Perd. Con
relacién a esto Glimo, los estudios realizados sobre la variacién en secuencias del genoma mitocondrial
en pieles de museo, fueron particularmente dGtiles en ¢l examen de relaciones filogenéticas y en la
definici6n de entidades taxénomicas. Dado los resultados hallades, indicamos el trabajo necesario tanto
de campo como de museo atin ha realizar,

INTRODUCTION

The genus Akodon is one of the largest, yet taxonomically most poorly understood groups
of South American sigmodontine muroid rodents. Over 90 taxa were assigned to the genus by
Tate (1932), while Ellerman (1941) allocated 85 names to 62 species in Akodon. More recently,
Cabrera (1961) recognized only 38 species of Akodon, 21 within the nominate subgenus, and
Honacki et al. (1982) reduced the number of species to 33, an estimate that is clearly conservative
as five new species have been added to the list only within the past two years (Myers & Patton,
1989a,b; Myers et al., 1990; Hershkovitz, 1990). Mice of this genus are ubiquitous and common
inhabitants of the puna grassland communities of the central and southern Andes of Peru and
adjacent lowlands of Bolivia, Argentina, Chile, Paraguay, and Brazil, Representatives of the
group, in the broad sense, occur also in the péramo from northern Peru north to Venezuela and
enter forested habitats on the eastern Andean slope from central Bolivia north to Colombia and
on the westem forested slope from central Peru north. They also penetrate the austral beech
forests of southern Chile and Argentina and the llanos and tepuis of Venezuela.

Reig (1986, 1987, and elsewhere) considers akodontine rodents to be derived from
oryzomyine ancestors, and suggests that their center of origin was in the puna grasslands of the
central Andes of southern Peru, Bolivia, northem Chile, and northwestern Argentina. This is
the region of the greatest diversity of subordinant taxa (genera and subgenera). Taxa allocated
to Akodon s.s. are known from Lower (Montehermosan) and Upper Pliocene (Chapadmalalan)
strata of central Argentina (Reig, 1978, 1987).

Within Akodon, a number of subgroups have been identified. Some have been recognized
formally as subgenera (see recent summaries in Honacki ef al., 1982; and Reig, 1987), while
others have been given the informal status of species groups—assemblages of morphologically
similar and possibly related species (e.g., Myers, 1989; Myers et al., 1990; Hershkovitz, 1990).
The composition of these groupings varies considerably from author to author, and few analyses
of species limits and geographic variation have been undertaken for any of the taxa recognized
within these groups (for exceptions, see Myers, 1989; Myers ef al., 1990; Macédo & Mares,
1987). The lack of adequate descriptions of species and the resulting lack of agreement as to
the limits and relationships of species within Akodon have been an impediment to investigations
of virtually all aspects of the biology of these common animals, including their ecology,
bebavior, cytology, and physiology as well as systematics and biogeography.

In this paper, we summarize what is currently known about the systematics and distribution
of Akodon and its close relatives of Peru, with emphasis on those taxa inhabiting the wet
Andean forests. Some of these taxa are moderately well known, including information on
habitat and geographic range, morphological and genetic characteristics, patterns of geographic
differentiation, and relationships to other related taxa (see, for example, Myers er al., 1990).
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Akodon aerosus Thomas (Fig. 2). Latitudinally gerosus is a broadly distributed species,
ranging from Ecuador to central Bolivia; clevationaily it is narrowly confined to the upper
montane forests of the eastern Andean slopes between about 2000 and 1200 m. The species
apparently occurs in a series of disjunct populations from Amazonas, San Martin, Hu4nuco,
Junin, Ayacucho, Cusco, and Puno depariments. This species is characterized by large body
size (total Iength [ToL] averaging 190 mm; condylo-incisive length of skull [CTL], 25.6 mm), a
nearly naked but moderately long tail (tail [TaL] 79.8% of head and body length), and uniformly
darkly colored (typically a deep blackish or reddish brown dorsally with dark, gray-based but
buffy-tipped ventral hairs), dense but close-cropped fur. It lacks an eyering. The skull is
strongly built, with a short and broad rostrum, very broad interorbital region, vertical and wide
zygomatic plate, broad mesopterygoid fossa, and long maxillary tooth row (mean MTRL = 4.6
mm). Cabrera (1961) included aerosus as a subspecies of A. urichi from Venezuela; it does not
share a close relationship, however, with that taxon in DNA characters (Smith & Patton,
unpubl. data). Included in our view of this taxon are surdus Thomas and baliolus Osgood,

Fig. 2. Generalized
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however, either, or both, of these may prove to be species distinct from true aerosus, which has
its type locality in Ecuador (see below and Patton & Smith, in press). There is considerable
variation in diploid number among populations, with 2n ranging from 40 in Ayacucho Department
(Garduner & Patton, 1976) to 22 in Cusco Department and 38 in Puno Department (Patton ef al.,
1990).

Akodon atbiventer Thomas (including berlepschii Thomas). This species is restricted to
dense tola shrub habitats at high elevations in the western Altiplano of Arequipa, Moquegua,
and Tacna departments (Pearson, 1951). It is of moderate size (mean 1oL, = 172 mm), with a
moderately long tail {Tal. 69.8% of HBL}, and short and coarse fur. The dorsal pelage is dark
gray sprinkled with silver, while the venter is pale and strongly contrasts with the dorsum. The
skull is of medium size (mean CIL. = 23.7 mm), with shallow and narrow zygomatic notches,
rather large tympanic bullae, moderatic maxillary tooth rows (mean MTRL = 4.1 mm), and
somewhat proddont upper incisors. This species was placed in Belomys by Gyldenstolpe (1932)
and Cabrera (1961}, but is considered a member of Akodon s5.5. by Reig (1987 and elsewhere).
The diploid number is 40 (Gardner & Patton, 1976).

Akodon boliviensis Meyen {map, Fig. 3). The type species of the genus Akodon, boliviensis
historically has been thought to be distributed broadly in the high elevations of the Andes from
central Peru south into northwestern Argentina. Many of the literature references to this
species, however, are suspect, as recent analyses indicate that the traditional boliviensis actually
comprises a complex of at least four and possibly six different biological entities (see Myers ef
al., 1990). As these authors define the species, it is limited in distribution to the puna grasslands

"~ of the Altiplano from Puno, Moquegua, and Tacna departments of southern Peru (o southern

Bolivia. It is a moderate sized (mean ToL = 155.7 mm), pale brown tinged olivaceous mouse,
with long hair, conspicucus yellow eyering, a gray-brown venter with buffy tipped hairs, and a
sharply bicolored tail averaging about 71% of head-body length. The skull is of moderate
length (mean CIL = 22.4 mm), with a long toothrow (mean MTRL = 4.0 mm). Tooth M? is
distinctly bi-lophodont, uniquely so for the group of smaller species of Akodon {rom Pcru,
including fumeus, juninensis, kofordi, moilis, orophitus, puer, and subfuscus. The diploid number

~ is 40, and the karyotype has been figured in Myers et al. (1990).

Akodon fumeus Thomas. This species is known only from a few localities on the eastern
Andean slopes at the intcrface between moist grassland and elfin forest of the Rio Sandia of
extreme southern Peru, and along the eastern slope in similar habitats in adjaccnt Bolivia
{(Myers & Patton, 198%a). It shares general size, cranial, and pelage-color characteristics with
mollis (with which it has been linked by Cabrera, 1961; Gyldenstolpe, 1932; Myers & Paton,
1989a; and Hershkovitz, 1990) and can be distinguished from sympatric or contiguous A.
subfuscus by the basic characteristics listed under mollis, below. It occurs at slightly lower
elevations than subfuscus on the eastern slope in Puno Department Myers & Patton, 198%a).
The diploid number of populations in Peru is unknown.

Akodon kofordi Myers & Patton. This recently described species (Myers & Patton, 1989a)
is known only from the Marcapata and Limbani drainages of southeastern Cusco and adjacent
Puno Departments, respectively. It is very similas to fumenus and mollis but can be distinguished
by the combination of its Iyre-shaped mesopterygoid fossa, M' with an island apparently formed
from part of the paraflexus, olivaceous pelage, and unicolored tail. It occurs sympatrically, or
nearly so, with subfiscus, which occurs at slightly higher elevations in bunchgrass habitats and
with mimus, which occurs at the same elevation but in undisturbed elfin forest. The diploid
number is 40, and the karyotype has been figured in Myers & Patton (1989a).
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Akodon juninensis Myers, Patton & Smith (Fig. 3). This recently described species is
known from the departments of Ancash, Lima, Junin, Huancavelica, and Ayacucho in bunchgrass/
shrub habitats above 3000 m and in patches of perennial woodlands on the western Andean
slope as low as 2700 m. It is sympatric with subfuscus at one known locality in southwestern
Ayacucho Department, where it is distinguished readily by electromorphic characters. In
morphological features of body size and proportions, color and color pattern, cranial and dental
details, and in the morphology of the male phallus, juninensis is extremely similar (o subfuscus
and puer, and slightly less so to boliviensis. In relation to the latter, it is of somewhat small
size (mean ToL = 1494 mm) with a small and delicate skull (mean CIL = 20.1 mm) but
maoderate tooth row length (mean MTRL = 3.7 mm). The dorsal color is medium brown to pale

. olivaceous, heavily lined with black; the venter is mostly gray with whitish or buffy tipped
hairs. The tail is densely furred and sharply bicolored. Other descriptive details are given in
Myers ef al. (1990). The diploid number is 40 (O.P. Pearson, unpubl. data).

the "boliviensis" group
Akodon, as defined by |
Myers et al. (1990) m‘

extend into cactus-scrol
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Akodon mimus (Thomas) (Fig. 2). Like Akodon 1orques, this species inhabits the upper elfin
forests on the eastern Andcan slopes. It replaces forgues geographically in thesc habitats from
Puno Department of Peru (Limbani and Sandia drainages) south to eastern Cochabamba
Department in Bolivia. This species is of large size (mean ToL = 1944 mm) and uniformly
gray-brown color above and below, without an eyering, and with an absolutely and
proportionately long and naked tail (Tal. averaging 97.6% of HBL). Is skull is gracile, with a
very elongated rostrum and narrow, posteriorly slanting zygomaltic plates. Virtvally all of its
features are accentuations of those described below for orophilus and torques. It is sympatric
and syntopic with aerosus in extreme eastern Puno department and sympatric with, but segregated
by habitat from, koford! in the Limbani Vailey at 2700 m. This is the type species of the taxon
Microxus Thomas, considered a separate genus by most previous authors (e.g., Gyldenstolpe,
1932; Reig, 1987) or as a subgenus of Akodon (Cabrera, 1961). Karyotypes of specimens from
Peru have not been examined or published; specimens from Cochabamba, Bolivia, have 2n=24
with an all bi-armed complement {(Patton, unpubl. data).

Akodon mollis Thomas (Fig. 2). This is a poorly understood geographic complex that
inhabits the montane regions and Pacific lowlands of northern Peru northward through the
central highlands of Ecuador. Across this range, the species exhibits considerable differentiation,
and several subspecies have been described, each of which may prove w be distinct species.
The type locality of mollis is Tumbes; the comments that follow, therefore, refer to specimens
from the westem Cordilleran slopes and lowlands of northern Peru, This is a moderate sized
animal (mean ToL = 169.8 mm) with a long MTRL (mean 4.1 mm), rather dark dorsal and
ventral color, brown as opposed to yellowish pinna and shorter pale tips to the ventral fur. In
most individuals of mellis, the mesopterygoid fossa is conspicuously broader than in juninensis,
with which it is sympatric, or nearly so, in Ancash Department; here, mollis occurs on moister
slopes with better drained soils (Myers er al., 1990). Diploid numbers of this species range
from 2n=22 (Ancash Department} to 2n=36-38 (Piura Department; O.P. Pearson, unpubl. data);
the diploid number of specimens from central Ecvador is 22 (Lobato et al., 1982).

Akodon orophilus Osgood (Fig. 2). Regarded as a subspecies of meiiis by its describer, W.H.
Osgood (1913), orophilus has been treated as a separate species by most recent authors (Cabrera,
1961; Honacki et ai., 1982), who also link it to forgues from southern Peru. Like mollis,
orophilus is badly in need of a thorough revision; we consider it a separale species here
primarily because the range of variation displayed by both mollis and orophilus (which includes
orientalis Osgood) is indicative of more than one species (following the example of boliviensis
(see Myers ef al.,, 1990). This taxon occurs on the eastemn slope of northern Peru in the wel
elfin forests, apparently as far south as Hudnuco Department. It is very similar to mollis, as
described above, but has a narrower zygomatic plate that slants posteriorly as in forgues and
mimus. As we view orophilus here, its karyotype is not yet known,

Akodon puer Thomas (Fig. 3). This is the smallest species in the genus Akodon in Peru. It
is known from the puna grasslands of the Altiplano of Puno Department in Peru, and extends
southward throughout the highlands of Bolivia to northwestern Argentina (Myers et al., 1990).
It is truly sympatric with A. boliviensis throughout much of the central and eastern Altiplano of
Puno Department, although the two are segregated slightly by local habitat. This species is
readily distinguished by its small overall size (mean Tol. = 139.2 mm), short skull {mean CIL
= 20.7 mm}, and very short maxillary tooth row (mean MTRL = 3.6 mm). The dorsal coloration
is similar to that of boliviensis, except the venter is paler and grayer, rather than yellowish.
The male phallus, however, is quite similar to that of juninensis and subfuscus, and quite distinct
from that of boliviensis. The diploid number is 40, and the karyotype is figured in Myers et al.
(1990).
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Akodon subfuscus Osgood (Fig. 3). This species is contiguously allopatric with boliviensis
and puer, and marginally sympatric with juninensis. It occurs from the moist puna grassland at
high elevations on the eastern Andean slope above 3200 m in Puro and Cusco departments,
through Apurimac, Arequipa, and Ayacucho departments in bunchgrass, tola shrub, and cactus
scrub habitats (Myers ef al., 1990). It is nearly identical to juninensis in mos| features (see
above), and intermediate in body size and tooth row length {mean MTRL = 3.7 mm) between
boliviensis and prer. Specimens from the moister eastern parts of its range are considerably
darker in color than those to the west, but the color and color pattern gencrally matches that
described above for boliviensis, juninensis, and puer. The male phallus is as in juninensis and
puer. The diploid number is 40; the karyotype is illustrated in Myers ef al, (1990).

Akodon torques Thomas (Fig. 2). This species is an inhabitant of the upper clfin forest on
the eastern slope of the Andes from Ayacucho and Cusco departments at elevations between
2000 and 3500 m. It is sympatric with, but segregated by habitat from, A. subfuscus, being found
commonly in the dense moss mats under canopics formed by trees or large shrubs, while
subfuscus occurs in adjacent clumps of tali, lush bunchgrass. This species is replaced at
elevations below 2000 to 1800 m on the castern slope by aerosus in all drainages in which it is
known to occur (see Patton et al,, 1990). A modcrately large species (mean ToL = 195.3 mm),
torques has a nearly naked and proportionately long tail (Tal 87.9% of HBL). 1t has a rather
uniformly dark gray brown coloration above and below, and lacks a distinctive cyering, The
skull is moderately large (mean CIL = 24.4 mm), with an elongate rostrum; a narrow, posteriorly
slanting zygomatic plate as in orophilus and mimus, and a long maxillary tooth row (mean =
4.3 mm). Diploid numbers range from 26 in Ayacuche Department (Hsu & Benirsheke, 1973;
identified as orophilus) to 22 in the Urubamba or 24 in the Cosflipata drainages of Cusco
Department (Patton et al., 1990; Patton & Smith, 1992),

Bolomys amoenus Thomas. This species inhabits the high elevation grassiands of the
Altiplano from Arequipa, Moquegua. Tacna, Cusco, and Puno Departments of Peru south to
Cochabamba Department, Bolivia (see Anderson & Olds, 1989). 1t is easily distinguished by
its somewhat large size (mcan Tol, = 161 mm); short and coarse fur; distinct yellow-orange
suffusion dorsally, particularly around the face, eyes, legs, feet, and tail, contrasting with a
white venter; long claws on the fore feet; and cranium with short rostrum but stron gly proddont
upper incisors. Bofomys has been varyingly considered a subgenus of Akodon or as a genus
distinct from it (Table 1; Reig, 1987). It is sympatric with A. athiventer, boliviensis, subfuscus,
and puer, and C. andinus and jelskii i various parts of its range. The diploid number is 34
(Gardner & Patton, 1976).

Chroeomys jelskii Thomas (Fig. 4). This rather large species occurs in the high elevation
grasslands from Ancash and Pasco to Tacna and Puno departments of Peru south to northern
Argentina (Sanborn, 1947). In southern Peru, jelskii is sympatric with A. albiventer, subfuscus,
holiviensis, puer, B. amoenus, and "A". andinus; in central Peru, it is sympatric only with A.
Juninensis. 1t is readily distinguished from each of these species, however, by a combination of
larger size (mean ToL = 179 mm) and highly distinctive pelage color and color pattern. In
central Peru, the species is gray above with orange-tipped hairs, a palcr buffy venter, and with
an orange nose, face, ears, feel, and tail. In southern Peru, it has chocolate brown to reddish
brown upperparts, white underparts, with an orange nose and orange tinge on the feet, but with
very distinctive white thighs, pinnae, and postauricular patches that are usually confluent with
white cheeks and throat. Dorsal color becomes increasingly darker and richer in southern Peru
in populations from the dry western Altiplano to the wctter eastern Andean escarpment.
Cranially, this species is distinguished by its large size (mean CIL = 25.3 mm), broad
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sympatric A. boliviensis and A. subfuscus (Pearson, 1951; Myers ef al., 1990). This species is
readily recognized by its small body size (mean Tol = 137 mm), proportionately short but well-
furred tail (Tal 61% of HBL), and distinctive skull with short rostrum, broad braincase, and
large, globular bullae. It has whitish as opposed to yellowish undertones to both dorsal and
ventral color, a white rather than yellow eyering, and small but distinct whitish post-auricular
patches. The male phallus is long and tapering as in jelskii, as opposed to barrel-shaped, with a
very short but distinct tridigitate distal baculum (see Spotomo, 1986; Spotorno et al,, 1990). The
diploid number is 52. This species is usually considered a member of Akodon s.s., but it shares
strong morphological, cytological, and biochemical (Spotorno ef al., 1990; Smith & Patton,
1991a) relationships with Chroeomys jelskii. While andinus clearly is not a member of Akedon
s.5. and is in the same clade as C. jelskii, it is still rather distinct from the latter and, as such, its
generic affinities are unclear at the moment (Smith & Paton, unpubl. data).

PHYLOGENETIC RELATIONSHIPS

Our views of the phylogenetic relationships among these varied taxa are primitive at best.
Electromorphic and chromosomal data have been extremely useful in defining species boundaries
(as in the "boliviensis™ group [Myers et al., 1990]), and, along with mitochondrial DNA sequence
data, in suggesting phylogenetic affinities (Patton ef af., 1989; Apfelbaum et al., 1989; Spotorno
et al., 1990; Smith & Patton, 1991a). Thesc types of studies, however, have been of limited
scope, either because of the narrow taxonomic breadth of available samples, the limited
geographic area covered by the respective teams of investigators, or becausc of the overall
great diversity of this group of mice. Suggestions regarding phylogeny have also come from
morphological analyses, but mostly these are groupings of convenience, linking taxa that share
sets of common features (see, for example, Myers, 1989; Myers & Patton, 1989a; Myers ef al.,
1990) or are defined by unique atiributes. It should no longer be necessary to caution that
morphological similarity need not connote close relationship, or that unique traits only serve to
diagnose laxa, not define them (i.e., Rowe, 1988).

MITOCHONDRIAL DNA VARIATION

The view of phylogenetic relationships among specics of Akodon and its relatives that we
provide here is based primarily on the analysis of DNA sequence data of the mitochondrial
Cylochrome b gene obtained by enzymatic amplification using the Polymerase Chain Reaction
(PCR). The data presented are part of a continuing study; consequently, some of the relationships
suggested below may require modification in the future. We employed mitochondrial sequences
primarily because the high number of copies makes amplification for sequencing relatively
easy, and because the relatively rapid rate of substitution provides a large number of characters
for phylogenetic reconstruction. This method also offers exciting potential since DNA can be
isolated and sequenced from the dried skin of specimens preserved in museum collections
(Paibo, 1989; Smith & Patton, 1991b).

METHODS AND MATERIALS

Details of DNA extraction, amplification, and sequencing protocols are given in Smith &
Patton (1991a). Data are summarized for 31 population samples representing 13 of the 15
species of Peruvian Akodon s.1. identified above. A list of specimens examined is given in the
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Table 2. The number of base substitutions over the first 396 bases of the Cytochrome & mitochondrial
geoe sequence within and among Pervvian taxa of Akedon and its relatives. Only those taxa for which
more than one geographic locality is represented are included. Data are given as mean plus/minus one
standard deviation, with the range in observed values provided in parentheses. The Old World murid
Mus was used as a comparative base.

fntra- and inter-locality variation within species (mean + st. dev.):

number of within among

species samples locality locality
A aerosus 8 0.75+1.16 (0-3) 15.7749.72 (3-28)
[baliolus} 4 0.25+0.50 (0-1) 0.25+0.44 (0-1)
A torgues 4 0.0 10.114£3.27 (5-14)
A subfuscus 4 0.0 2.50£1.93 (1-5)
A mimus 2 0.0 20000
A. erophilus 2 1.50+2.12 (0-3) 19.50+0.58 (19-20)
C. jelskii 2 1.50+2.12 (0-3) 16.00£3.46 (13-19)

comparisons within and among genera:

comparison meantst, dev. range
within Akedon 37.5319.49 18-54
Akodon-Bolomys 51.48%£3.76 42-59
Akodon-Chroeomys 729144.58 63-80
Akodon-Mus 94.80+5.51 84-101
Bolomys-Chroeomys 77.33£2.64 73-81
Bolomys-Mus _ 91.50+£0.71 91-92
within Chroeomys 51.50£1.60 50-54
Chroeomys-Mus 90.17£1.33 89-92

Appendix. The level of sequence variation within populations was assessed by examining two
individuals for most localities; estimates of geographic variation are available for six species.
Phylogenelic estimates were obtained from trees intended to represent the most parsimonious
explanation of sequence evolution. For this, we used two methods. First, a set of equally
parsimonious trees was identified with PAUP (version 3.0L; Swofford, 1990) using individual
nucleotide substitutions as character-states, and a 50% majority-rule consensus lree was
constructed. The bootstrap method of Felsenstein (1985), as implemented in PAUP, was used
to estimate the reliability of groupings found in the parsimony analysis. One hundred bootstrap
replicates, with replacement, were performned. Sequence from the house mouse, Mus (Bibb et
al., 1981), was used as an oulgroup for the PAUP analyses. Secondly, the neighbor-joining
algorithm of Saitou & Nei (1987), which uses a triangular matrix of the percentage of overall
sequence divergence, provided parsimonious agglomerative clustering solutions similar to that
of the distance Wagner procedure (Fasris, 1972). The NTSYS-pc package (version 1.60;
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Rohlf, 1990} was used for these calculations. This analysis was restricted to the genus Akedon
5.5, with Bolomys used as an outgroup.

LEVELS OF SEQUENCE DIVERGENCE

Table 2 provides a summary of sequence divergence within and among populations of
species of akodont rodents from Pern. For the 396 bp (ragment of the Cytochrome b gene
exantined, nucleotide substitutions among individuals within localities are minimal, consistently
<1% (maximum of 3 substitutions for cach pair of individuals from the same locality). However,
among those species for which geographic sampies are available, there is a considerable range
in divergence estimates. Akodon aerosus, orophilus, and torgues as well as C. Jelskii exhibit
extensive differentiation among localities (16-20 substitutions: 2.5-5.1% sequence divergence),
while the level of divergence among samples of A, subfuscus and mimus is S to 10 times less
(2-2.5 substitutions). The maximal level of divergence recorded among samples of what are
presumed to be single specics (values for aerosus, for exampic) are within the range of those
found between clearly defined species in the genus, Such high levels of sequence divergence
suggest that aerosus (and perhaps orophilis and jelskii) represent complexes of species rather
than the single biological units currently recognized. For example, the four samples of A, gerosus
baliolus from the Rio Inambarf tributaries are almost identical in sequence {range, -1 substitution
among samples), but in comparison to other samples of this species from adjacent Cusco
Department, the number of substitutions increases to 18 (4.5% sequence divergence; Machuy
Picchu sample) or 28 (7.1%, Cosfiipata sample). Similarty, the two geographic forms of jelskif
that are markedly distinct in color and color pattern (see above, and Sanborn, 1947) differ by
an average of 16 substitutions (range, 13-19 [3.3-4.8%1).

Sequence divergence among higher taxa is also summarized in Table 2. Therc is a general
increasc in the number of substitutions in comparisons among species of Akedon (an average of
38 substitutions {9.6%]), between these species relative (o Bolomys amoenys (51 substitutions
[12.9%]), between both Akedon and Bolomys relative to C hroeontys (including "A." andinus; 73
[18.4%] and 77 [19.4%)], respectively), and finally hetween all three of these genera and Mus
(90-95 [22.7-24.0%]). As discussed in Smith & Patton (1991a) and Patlon & Smith (in press),
the degree of divergence among species of Akodon and between them and Bolomys is less than
the theoretical figure where convergence duc to multiple substitutions at the same site is
expected (ca. 15-18% sequence divergence; Nei, 1987). Conscquently, the data were not
corrected for transition bias or multiple hits in the phylogenetic analyses.

PHYLOGENETIC RELATIONSHIPS

There are 160 variable sites among the 396 bases of the Cytochrome b gene examined when
the akodont sequences are compared with that of Mus (Bibb ef al., 1981). Thirty-one of these
are unique to particular specics, including 14 that define Mus relative to the akodonts examined.
Thus, 129 sites contain potential phylogenetic information.

The PAUP analysis yielded S equally parsimonious trees, each with a consistency index of
0.826. The 50% majority-rule consensus tree of these five is presented in Fig. 5. Those nodes
that were highly replicated (>75% of the time) in the bootstrap analysis are indicated. As is
apparent, Chroeomys and "Akodon" andinus belong o a clade that is the sister-taxon to all
other species examined herein, a conclusion drawn in previous molecular studies (Patton ef al.,
1989; Smith & Patton, 1991a). This hypothesis is supported in all 100 bootstrap replicates.
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mollis (Myers & Patton, 1989). Secondly, samples of each of the forested slope taxa aerosus,
mollis, orophilus, and torgues, while again forming a collective group as in the PAUP analysis,
are clustered consistent with their current taxonomy. The third difference between these two
trees concerns the placement of mimus; either as the sister species to other forested slope taxa
(Fig. 5) or clustered with the "boliviensis” group (Fig. 6). Wherever the corrcet relationships
of mimus lay, clearly, however, this species has its relationships nested within Akodon s.s. as
opposed to being a sister taxon to it, as implied by the generic or subgeneric slatus accorded by
carlier authors.

SUMMARY AND PROSPECTUS

The systematics of rodents of the genus Akodon and its close relatives have been reviewed
in this paper. While these are among the more ubiquitous rodents of the high elevation Andean
grasslands and forests, the boundarics of species and their resultant geographic ranges and
relationships are very poorly known, Here, we have defined and characterized species as well
as current information will allow, and we have provided some suggestions of phylogenetic
relationships based on mitochondrial DNA sequence analysis. '

Although both the PAUP and neighbor-joining methods support the hypothesis that all
forested slope populations and taxa (with the possible exception of mimus) share a common
origin, data are inadequate as yet to resolve with confidence the relationships among them, We
need additional collections as well as thorough analyses of existing materials both 10 assess



1992 PATTON, SMITH: AKODONTINE SYSTEMATICS 99

\'\____r/l;' ;.

Fig. 7. Minimum-
spanning tree
connecting those
popul3tions of Akodon
sampled from the
forested Andean slopes,
based on a matrix of the
percent of sequence
divergence among them.
The northern "m"
represents mollis, the
southern "m" mimus,
with "o" = orophilus,
"t" = torques, and

"a" = gerosus samples.

species boundaries and to support any hypothesis of relationship. However, some tentative
suggestions can be made that might provide direction for future analyses. These suggestions
are derived from a minimum-spanning tree based on sequence divergence (Fig. 7).

For one, aerosus is probably a composite of two or more species; aside from the four
samples of the Rio Inambarf drainage that can be identified as baliolus, other samples, even those
of adjacent drainages, exhibit a remarkable degree of divergence. As a resull, it is not clear that
this group of eight samples is monophyletic, even if more than one species is represented
within it. Secondly, forgues (with its type locality in the Rfo Urubamba drainage) is distinct
from both orophilus and mimus, where it has been placed as a subspecies or related species by
several previous authors (e.g., Cabrera (1961) and Thomas (1917), respectively), Those
populations usvally allocated to this species from Ayacucho and Cusco departments form a
group with specimens from the elfin forests in Junin Department (considered o be mollis by
Myers & Patton, 1989a and Myers ef al., 1990) and also with specimens from the Cordillera
Huancabamba in Piura Department, also representing mollis. Thirdly, the two samples of
orophilus from the eastern slopes in San Martfn and Huédnuco Departments appear rather
intermediate between those of both derosus and forgues. Further refinemenis of the boundaries
within and relationships among samples of mollis and orophilus from the forested slopes of the
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central and northern Andes require additional sampling from this large and geographically
complex area. ‘The ability to extract and sequence DNA from dried museum skins will
undoubledly simplify these tasks, as well as stabilize our understanding of the taxonomy of
Akodon, and the implications for that taxonomy (0 Andean biogeography.
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APPENDIX

List of specimens examined for mitochondrial DNA sequence variation. Museum
acronyms are: MVZ = Museum of Vertebrate Zoology, University of California, Berkeley;
LSU = Museum of Natural Science, Louisiana State University, Baton Rouge; FMNH = Division
of Mammals, Field Museum of Natural History, Chicago; ZMUM = Zoological Muscum,
University of Montana, Missoula. Bold letters identify the geographic samples presented in
Bgures 5 and 6; "n" is the number of individuals sampled.

Akodon aerosus—Depto. Junin: 10 km WSW San Ramon, 1275 m (J, n=2, MVZ); Depto.
Ayacucho: Huanhuachayo, 1660 m (A, n=1, LSU), Hda. Luisiana, Rio Apurimac (A, n=1,
LSU); Depto. Cusco: Machu Picchu, 1660 m (U, n=2, ZMUM); 72 km by road NE
Paucartambo, 1460 m (C, n=2, MVZ); Hda. Cadena, Marcapata (M, n=2, FMNH); Depto.
Puno: 4 km by road NNE Ollachea, 2380 m (S, n=2, MVZ);, Santo Domingo (SD, n=2,
FMNH); Abra Marrancunca, 14 km by road W Yanahuaya, 2210 m (Y, n=2, MVZ).

boliviensis —Depto. Puno: 12 km S Santa Rose [de Ayaviri], 3950 m (n=2, MVZ).

pninensis,—Depto. Junin: 22 km N La Oroya, 4040 m (n=2, MVZ).

kofordi —Depto. Puno: Agualani, 9 km by road N Limbani (n=2, MVZ).

mimus—Depto. Puno: Agualani, 9 km by road N Limbani, 2840 m (A, n=2, MVZ); Abra
Marrancunca, 14 km by road W Yanahuaya, 2210 m (Y, n=2, MVZ).

mollis—PERU: Depto. Piura, "Machete" on Zapalache-Carmen trail, 2050 m (n=3, LSU).

orophilus.—PERU: Depto. Hudnuco, Unchog, pass between Churrubamba and Hda. Paty, NNW
Acomayo, 3450 m (H, n=1, LSU); Depto. San Martin, Puerta del Monte, ca 30 km NE Los
Alisos, 3250 m (SM, n=2, LSU),

puer—PERU: Depto. Puno, 12 km S Santa Rosa [de Ayaviri], 3950 m (n=1, MVZ).

subfuscus.—PERU: Depto. Arequipa, 15 km S Callalli, 4150 m (A, n=2, MVZ); Depto. Cusco,
26 km NW Ollantaytambo, 3700 m (Ol, n=2, MVZ), 32 km by road NE Paucartambo,
3140 m (P, n=2, MVZ); Depto. Puno, 6.5 km by road SW Ollachea, 3350 m (O, n=2, MVZ).

sorques.—PERU: Depto. Junin; 16 km NNE Palca, 2450 m (J, n=2, MVZ); Depto. Ayacucho,
Yuraccyacu (A, n=1, LSU), Puncu, ca. 30 km NE Tambo, 3370 m (A, n=1, LSU); Depto.
Cusco, 3 km E Amaybamba, 2200 m (U, n=2, MVZ), 32 km by road NE Paucartambo,
3140 m (C, n=2, MVZ), Ccachubamba, 3400 m (M, n=1, FMNH), Amacho, 3350 m (M, n=1,
FMNH),

Bolomys amoenus—PERU: Depto. Puno, 12 km S Santa Rosa [de Ayaviri], 3950 m (n=2,
MVZ).

Chroeomys jeiskii.—PERU: Depto. Junfn, 22 km N La Oroya, 4040 m (J, n=2, MVZ); Depto.
Puno, 6.5 km by road SW Ollachea, 3350 m (P, n=2, MVZ).

“Akodon™ andinus.—PERU: Depto. Arequipa, 2 km W Sumbay, 4200 m (n=2, MVZ).
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DISTRIBUCION ALTITUDINAL DE ROEDORES SIGMODONTINOS
(CRICETIDAE) EN EL PARQUE NACIONAL RIO ABISEO,
SAN MARTIN, PERU

por

MARIELLA LEO y MONICA ROMO
Asociacidn Peruana para la Conservacion,
Parque José de Acosta 187, Lima-17, Penii

RESUMEN

Se esiudi6 los hdbrtats y rangos altitudinales de los roedores de la subfamilia Sigmodontinae del
Parque Nacional Rio Abiseo, San Martin, Perd. Se encontré especies de amplia distribucién geografica,
La informacién existente sugiere que estas especies se distribuyen de acuerdo a un patrén de bandas
altitudinales que va de norte a sur. Se hallé ademds especies alin no descritas, de limitada distribucién
altitudinal y por cl momento consideradas endémicas del drea de estudio, Dos de ellas estarian aparen-
temente restringidas al ecotono entre el bosque de neblina, los bosquecitos aislados y el pajonal de puna,

El nimero de especies por zona de vida varfa entre cinco (pp-SAT) y ocho (bp-MT). Aparentemen-
te, el nimero de especies decrece segin se desciende (bmh-MT, seis especies; bmh-MBT, cinco especies)
hasta llegar a ka zona de tramsicién donde éste aumenta (siete especies) apareciendo algunas especies
diferenies a las de las anteriores zonas de vida,

En general, los patrones de diversidad y de distribuci6n altitudinal de los sigmodontinos del PNRA
muestran tanto similitudes como diferencias significativas con los encontrados en los bosques montanos
del sureste del Peri. Las similitudes corresponden mayormente a nivel de taxa superiores y de especies
o grupos de especies de amplia distribucidn,

L.a composicidn de la fauna de roedores sigmodontinos en el PNRA, sus similitudes y diferencias
con las especies de los departamentos de Amazonas y Hudnuco, y del suroriente del pais, asi como la
presencia de otras especies de fauna endémicas del drea de estudio, respaldarian la existencia de una
provincia biogeogrifica al oeste del rio Huallaga.

Esta informacién biogeogrifica puede ser de suma utilidad para la planificacién y disefio de los
parques nacionales y otras dreas naturales protegidas. Nuestros resultados apoyan la tesis de que la
unidad geogrdfica bdsica para la conservacién de los bosques montanos debe ser la cuenca en su
totalidad, para que de este modo poder proteger el mayor nimerc posible de bandas horizontales de
habitat y a las especies propias a estas bandas. Sin embargo, debemos considerar acciones especificas de
manejo para mejorar las posibilidades de supervivencia de aquellas especies de poca amplitud altitudinal,
¥ por ende limitada dispenibilidad de habitat potencial, en el 4drea protegida. Quizé las alternativas maés
obvias son la proteccion y monitoreo mds intensos de los hébitats de dichas especies, asi como el
establecimiento y proteccin de corredores de hébitat entre dreas protegidas adyacentes.

ABSTRACT

The habitats and elevational ranges of rodents of the subfamily Sigmodontinae were studied in Rio
Abiseo National Park, San Martin, Peru. Species with large geographic distributions were found.
Present information suggests that these species are distributed along north-south oriented elevational
belts. There are also species in the Park that are undescribed, of limited elevational amplitude, and
currently considered endemics of the study area. Two of these are apparently limited to the ecotone
located between cloud forest, fragmented forests, and puna grasslands.

The number of rodent species in each life zone varied between five (Subalpine Rain Piramo) and
eight (Montane Rain Forest). Apparently, the number of species decreases with lower elevations (Montane
Wet Forest, six species; Lower Montane Wet Forest, five species) until the transition zone to the
Premontane life zone (seven species), where new species appear.
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In general, patterns of diversity and clevational distribution of the sigmodontine rodents in the
Park, their similarities and differences with the species found in the departmenis of Amazonas and
Hudnuco and in southeastern Peru, plus the presence of other endemic animals from the study arca
support the exislence of a biogeographic province to the west of the Huallaga River.

Biogeographic information can be of great usefulness for the planning and design of national
parks and other natural areas. Our results support the idea that a basic geographic unit for the conservation
of montane forests should be the complete watershed, in order to prolect the maximum number of
horizontal belts of habitat and the species restricted to those belts. However, we should also consider
specific management activities to improve the survival possibilitics of those species with limited elevational
amplitude that, as a result, have little potential habitat within the protecled area. Perhaps the most
obvious altematives are to intensify protection and monitoring of the habitats of these species, in
addition to the establishment and protection of habitat corridors between neighboring protected areas.

INTRODUCCION

Los pequefios rocdores de la subfamilia Sigmodontinae constituyen més del 20 por ciento
de las especies de mamiferos de América del Sur (Reig, 1986). Si bien a nivel de todo el
continente sudamericano en gencral, los quirGpteros son el grupo mas diverso (ibid.), es muy
probable que en el caso de los bosques montanos (sobre los 1000 m) sean los pequefios

PARQUE NACIONAL
RIQ ABISEO

Brazit

Pacifico

Fig. 1. Ubicacidn del
I’arque Nacional Rio
Abiseo en el Perd.
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roedores los que presenten mayor diversidad y abundancia, constituyéndose en el elemento
predominante de la fauna de mamiferos de los bosques montanos (Patton, 1986; Patton &
Myers, 1984; Cadle & Paiton, 1988). Estos conforman uno de los grupos de roedores mis
diversificados y cstrechamente relacionados (Gardner & Patton, 1976), por lo gue han sido
escogidos como modclo de estudio para patrones de distribucién y especiacion (Patton, 1986;
Cadle & Patton, 1988).

Debido a 1a multiplicidad de formas, la identificacién taxonomica es dificil. Ls asf que no
existe informacion detallada sobre las especies ni sobre sus variaciones geogréficas (Gardner &
Patton, 1976), conociéndose muy poco acerca de la distribucion altitudinal o latitudinal de
éstas (Patton, 1986).

El presente estudio se realizé en el Parque Nacional Rio Abiseo en el nororiente del Peri.
Las metas fueron documentar los habitats y rangos altitudinales de los roedores del parque,
comparar estos datos con estudios hechos en otras localidades en el pafs, analizar las distribu-
ciones geograficas de las especies y usar toda csta informacién con fines de evaluar estrategias
requeridas para la mejor conservacion de la fauna y sus ambientes naturales.

AREA DE ESTUDIO

El Parque Nacional Rio Abiseo (PNRA) se encuentra ubicado en los Andes nororientales
del Pert, en ¢l departamento de San Martin (Fig. 1), provincia de Mariscal Caceres, distrito de
Huicungo. El Parque comprende la cuenca alta del rio Abiseo, aproximadamente entre los
715-8°S y 76°58'-77°33'W (Fig. 2), en una extensin de 274,520 ha. La red de drenaje del
PNRA comprende tres rfos principales: Montecristo, Tumac y la parte alta del rio Abiseo
(antes llamado Apisoncho).

Segdn el Mapa Ecol6gico del Perii (ONERN, 1976) ¢l Parque incluye por lo menos cinco
zonas de vida: Pdramo Pluvial Subalpino Tropical (pp-SAT), Bosque Pluvial Montano Tropical
{bp-MT), Bosque Pluvial Montano Bajo T'ropical (bp-MBT), Bosque Pluvial Premontano Tro-
pical {bp-PT) y Bosque Muy Himedo Premontano Tropical (bmh-PT) (Holdridge, 1947; Tosi,
1960; ONERN, 1976). Estudios recientes (Young & Le6n, 1988) sugieren Ja existencia adicional
de dos zonas de vida: Bosque 'Muy Himedo Montano Tropical (bmh-MT) y Bosque Muy
Hiémedo Montano Bajo Tropical (bmh-MBT).

El inventario de roedores del PNRA se realizé a lo largo de una transccta altitudinal en la
cuenca del ric Montecristo y en una localidad de la parte alta de la cuenca del rio Tumac
(Laplap). La transecta incluye una scrie de localidades (Apéndice) en cuatro zonas de vida:
Péramo Pluvial Subalpino Tropical (pp-SAT), Bosque Pluvial Montano Tropical (bp-MT),
Bosque Muy Himedo Montano Tropical (bmh-M1) y Bosque Muy Hémedo Montano Bajo
Tropical (bmh-MBT); y una zona de transicion entre el Bosque Muy Himedo Montano Bajo y
el Bosque Muy Humedo Premontano (bmh-MBT/PT). Estas zonas de vida albergan una
variedad de comunidades vegelales y asociaciones, que son complejas y diversas {(Young &
Leon, 1990).

Para fines de nuestro analisis, cmplcamos las divisiones siguientes: pajonal de puna, péra-
mo de Loricaria, bosquecitos aislados, bosque de neblina, bosque montano, bosque montano
bajo y bosque de transicién a premontano.

El P4ramo Pluvial Subalpino Tropical (pp-SAT) comprende valles en forma de "U”, laderas
y picos rocosos. Generalmente, los valies est4n cubiertos por pajonales en grandes manojos y
SON riCOS en especics, mientras que laderas y picos presentan, donde existe suficiente suelo, una
tenue cubierta de gramineas (Young, 1990). Estas asociaciones (Beard, 1944), las denomina-
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Fig. 2. Area de estudio en el . N. Riv Abisco.

mos "pajonales de puna®. En la altiplanicie conocida localmente como Laplap, en la parte
superior del valle del Tumac, se encuentra una asociacion hidrica a la que denominamos
“paramo de Loricaria", por ser una de las especics dominantes un arbusto de dicho género; esta
asociacion se desarrolla sobre terrcno plano y de pobre drenaje, rodeada de pajonal de puna.

Los bosquecitos aislados ("bosque montano fragmentado”, Young & Ledn, 1990) aparecen
en ¢l limite superior de la zona de vida de Bosgue Pluviat Montano Tropical (bp-MT) y, como
su nombre lo indica, comprenden pequefios parches de bosque (0.5 a 5 ha) en el pajonal de las
laderas de los valles e¢n forma de "U".

El bosque de neblina es una asociacién atmosférica que marca el inicio del bosque conti-
nuo, correspondiente a la zona de vida de Bosque Pluvial Montano Tropical. Se caracleriza
por presentar frecuentemente nubes y nieblas, y un alto némero y diversidad de plantas epifitas,
especialmente musgos, hepdticas y helechos himenofildceos (Young & Leén, 1991).

Ii1 bosque montano se inicia inmediatamente debajo del bosque de neblina y corresponde a
la zona de vida de Bosque Muy Himedo Montano Tropical (bmh-MT). Los arboles son m4s
altos que en la formaci6n anterior y la abundancia de epifitos disminuye significativamente
(Young & Ledn, 1988, 1991). Esta formacion presenta una compleja combinacion de hébitats,
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tales como roquedales y peiias, dreas de alta pendiente con numerosos derrumbes, terrazas
alpviales con drboles de més de 35 m de alto y freas de vegetacisn riberefia (Young & Ledn,
1991; obs. pers.) '

El bosque montano bajo corresponde a la zona de vida de Bosque Muy Hiimedo Montano
Bajo Tropical (bmh-MBT). Se diferencia de la zona de vida anterior por la ausencia de
helechos arbéreos y de la especie mds comiin de bambu, Chusquea scandens.

El bosque de transicién hacia la zona premontana correspondiente al limite inferior del
bosque montano bajo, donde se observa una estructura y composicion floristica diferente.

METODOS

I.a metodologia basica del inventario de roedores en el Parque Nacional Rio Abiseo (1987-90)
consistié en la colecta y observacién directa a lo largo de un gradiente altitudinal (Fig. 1) que
incluy6 al miximo posible de zonas de vida y hébitats presentes en el PNRA (Apéndice).

Se utilizaron trampas de golpe (Victor, Woodstreum y Conibears) y trampas de caja (Sherman
y Tomahawk), colocadas segin el método de "lugares prometedores” (British Museum [Natural
History], 1968). S6lo en una ocasién y en una sola parcela se colocd trampas cn criba. En
1990 se utilizé ademds trampas "pitfall” con "cercos guia” cn el pajonal de puna (Pampa del
Cuy). La mayoria de los ejemplares de roedores colectada fue preparada como picles de
estudio (¢f. DeBlase & Martin, 1981) y los crineos preservados en alcohol para posterior
limpieza. Un pequefio ndmero fue preparado en ligquido (inyeccién de formol al 10% en
cavidades ¢ inmersién en alcohol al 75%) y como esquelelos.

RESULTADOS Y DISCUSION

DISTRIBUCION Y HABITATS DE LOS SIGMODONTINOS DEL, PNRA

En cl transcurso de cuatro (emporadas de campo (julio a sctiembre; ca. 20,000 trampas/no-
che) se coleetd ejemplares de pequefios roedores correspondientes a 7 géneros y 14 especies
(Tabla 2).

Tabla 2. Distribucidn altitudinal de roedores sigmodontinos colectados en el Parque Nacional Rio
Abiseo.

Especie ) ) ) Rango altitudinal (m})
Auliscomys pictus 3850 - 3300
Akodon orophilus 3850 - 2100
Oryzomys albigularis 3200 - 2100
Microryzomys minutus 3850 - 2650
Neacomys spinosus 2375 - 2100
Thomasomys incanus 3850 - 2100
Thomasomys ischyrus eleusis 3620 - 3280
Thomasomys aureus 3200 - 2100
Thomasomys sp. nov. 1 3380 - 3120
Thomasomys sp. nov. 2 3380
Thomasomys sp. nov, 3 2680
Rhipidomys sp. 1 3390 - 3120
Rhipidomys sp. 2 2900 - 2100
Rhipidomys sp. 3 2150
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Mediante estudios de electroforesis, Patton (1986) presenta las relaciones cladfsticas cntre
especies y poblaciones del grupo albignlaris en el Perd. O.levipes y O. keaysi se cncuentran en
Cusco y Puno, ¢l primero sobre los 2000 m siendo reemplazado debajo de esta altitud por el
scgundo (Patton, com. pers.); (. keaysi se encucntra también en el centro del pais y al norie en
el departamento de Amazonas donde serfa sustituido, entre los 1600 y 2400 m (Thomas,
1926b), por O. albigularis.

Microryzomys es un género andino que se distribuye desde ¢l norte de Venczuela, a través
de Colombia, Ecuador y Pert, hasta Bolivia central entre lIos 800 y 4300 m (Carleton &
Musser, 1989). En el Peri, M. minutus ha sido reportado para ia cordillera occidental del no-
roeste, la cordillera oriental y sus vertientes orientales { ibid.). Ha sido registrado en los vecinos
departamentos de Amazonas y Hudnuco, en los que ademds se le ha encontrado en simpatria o
parapatria con M. altissimus cn una localidad en cada departamento (Balsas/Tambo Jencs en
Amaronas; Hudnuco en el departamento del mismo nombre). Este género no habia sido
previamente reportado para el departamento de San Martin, probablemente debido a la escasa
colecta en la cordillera oriental de este departamento.

El género Neacomys se distribuye en América Central y América del Sur. Neacomys
spinosus abarca la cuenca amazénica desde Colombia hasta ¢l centro de Brasil. En el Perg estd
reportada en Poco Tambo (probablemente Puca Tambo), Huambo ¥ Yambrasbamba (todos en
Amazonas), Moyobamba (San Martin), Minas Inca (Puno); rio Cayumba ¢n la cuenca del
Huallaga; Pozuzo y Utcuyacu (Lawrence, 1941: Thomas, 1927), Chivita (Huanuco; Thomas,
1928), San Pedro (Cusco), Iacicnda Erika (Madre de Dios; Patton & Myers, 1984) y Jenaro
Herrera (Loreto; Pacheeo, 1991).

THOMASOMYNOS. Thomasomys es un geénero propio de los bosques andinos, con muchas
especies hacia el norte (Ecuador y Colombia) disminuyendo su mimero hacia el sur en Pend ¥
Bolivia. Coincidente con este patr6n, el PNRA presenta una especie més que el nimero repor-
tado para el sureste en ¢l mismo rango altitudinal,

Thomasomys incanus (= T. fraternus) es una especie endémica del Perd, citada por Cabrera
(1961) para los Andes del centro del Pend (Junin y Hudnuco; Gyidenstolpe, 1932; Handley,
COm. pers.).

Thomasomys ischyrus se distribuye en la cordillera occidental de Ecuador y, en el Perd, en
las cordilleras central y oriental del departamento de Amazonas (Ilonacki er al., 1982), y en Junin
(Handley, com. pers.). La subespecie eleusis ha sido antes reportada en Amazonas, en Tambo
Jenes (ca. 3600 m), y montafias de Baisas, al este del rio Marafion {ca. 3000 m). En ¢l mismo
departamento y hacia ¢l norte se encuentra T, ischyrus ischyrus, mientras que otra subespecie
aun no definida ha sido reportada en Junin (Handley, com. pers.).

Thomasomys aureus se distribuye desde Colombia (cordilleras occidental y central), y Ve-
nezuela (cordillera oriental) hasta Ecuador y el oriente de Pert (Eisenberg, 1989). En
Venezuela ha sido reportado en bosque de neblina a 2400 m (Handley, 1976) y en Colombia a
3400 m (Eisenberg, 1989). En el Pert ha sido colectado en Torontoy (ca. 3200 m) y el valle de
Occobamba (ca. 2700 m) en el Cusco, y en rio Palca, en Junin.

El género Rhipidomys se distribuye desde Venczuela hasta el noroeste de Argentina, y al
este de Brasil, La literatura revisada (Cabrera, 1961; Handley, 1976; Eisenberg, 1989: Emmons,
1990; Thomas, 1927, 1928; Osgood, 1914; Honacki et al., 1982; Cadle & Patton, 1988) parece
indicar que las especies andinas propias dcl sur de esle rango se encuentran generalmente bajo
los 1200 m, micntras que algunas del norte alcanzan un lmite superior cercano a los 3200 m.
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APLICACIONES PARA LA CONSERVACION

En ¢l PNRA se encuentran especies de roedores de amplia distribucion geogrifica y aparen-
temente también confluyen especics y formas de aparente distribucion limitada. 1a informacién
existente sugicre que cstas especics se distribuyen de acuerdo al patrén propuesto de bandas
altitudinales norte-sur. Se presentan ademés especies ain no descritas, de limitada distribucién
altitudinal y por el momento consideradas endémicas a csta zona. Dos de ellas estarian
aparentemente restringidas al ecotono entre el bosque de neblina, los bosquecitos aislados y el
pajonal de puna,

La composicion de la fauna de roedores sigmodontinos cn ¢f PNRA, sus similitudes y
diferencias con las cspectes de los departamentos de Amazonas y Huénuco, y del oriente del
pafs, asf como Ia presencia de otras especies de fauna endémicas de Ia zona respaldaria la
existencia de una provincia biogeografica al oeste del Huallaga, concordante con la propucsia
de seis provincias para los bosques montanos orientales del Pert planteada por Young (1992).

La informacién biogeografica recogida pucde ser de suma utilidad para la planificacién y
disefio de los parques nacionales y otras 4reas naturales protegidas. Nucstros resultados apoyan
la tesis que la unidad geografica basica para la conservacion de los bosques montanos debe ser
la cvenca en su totalidad, para de este modo proteger el mayor nimero posible de bandas
horizontales y las especies propias de 6stas. Sin embargo, debemos considerar acciones cspeci-
ficas de manejo para mejorar las posibilidades de supervivencia de aquelias cspecies de poca
amplitud altitudinal y por ende limitada disponibilidad de habitat potencial en el 4rea protegida.
Quizd las alternativas mas obvias son la proteccion y monitoreo més intensos de los héabitats de
dichas especies, ast como el establecimiento y proteccion de corredores de hébitat entre dreas
protegidas adyacentes,

Es aparente que dreas que presenten confluencia de faunas y simultincamente una fauna
endémica deben ser de cspecial importancia para la conscrvacion de la diversidad biolégica y
podrian ser también de particular interés para dilucidar eventos histéricos climdticos y ambicn-
tales.

AGRADECIMIENTOS

La realizacién del inventario de rocdores en el Parque Nacional Rio Abisco fue posible
gracias al generoso apoyo del Proyecto de Investigacién del Parque Nactonal Rio Abisco, de la
Universidad de Colorado, Boulder (1987-90), The David and Lucile Packard Foundation
(1987-89), 1a Pew Charitable Trust (1989-90) y Conservation International (1990). Nuestro
especial reconocimiento a estas instituciones, que hicieron posible cuatro temporadas de trabajo
de campo estudiando aves, mamiferos, anuros, reptiles, peces ¢ insectos, con la participacin
de 18 pervanos (biSlogos, estudiantes y téenicos). A Patti Moore, de Ia Universidad de
Colorado, por toda su colaboracioén y apoyo desde el inicio de cste proyecto.

Estamos en denda con los doctores Charles O. Ilandley Jr. y Alfred Gardner, quienes
compartieron con rosotros su amplio conocimiento y experiencia; el Dr. Gardner particips en
la primera temporada de campo, y colect6 el tinico cjemplar de la especie Thomasomys sp. nov,
2. Agradecemos también al Dr. James Patton, quien identificé dos especies de mamiferos.

Agradecemos asi mismo, ¢l apoyo del Programa de Becas para Visitas Cortas y al Programa
BIOLAT ambos de la Smithsonian Institution, Washington, D.C., a la Direccién General Fo-
restal y de Fauna, Lima, y en especial al jefe del PNRA, Sr. Estcban Alayo y al cuerpo de
guardaparques, siempre prestos a colaborar y participar on el trabajo. A los pobladores de







































128 MEMOCHIAS DEL MUSEQ DE HISTORIA NATURAL No. 21
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arca. I hypothesize that current distributions can be at least in part explained in terms of these
traits. Speciation could occur over environmental gradients associated with chan ges in latitude,
elevation, and climate; or it could result from divisions of ranges by climate or topographic
changes. Allopatric speciation is 10 be expected in the study area for species with little
elevational amplitude, irregardless of their vagility because of the increased likelihood of range
disruptions; parapatric speciation is more likely with species found over large elevational
ranges. By substituting other types of habitat specialization for that of elevation amplitude,
such as degree of edaphic or trophic specialization, it should be possible to further extend this
model.

Conservationists require information from many different kinds of studies. Physiographic
techniques particularly lend themselves (o regional planning (e.g, Scott et al., 1987), while
speciation and elevation studies may be organism-specific and thus need to be done for a
number of groups before generalities may be found.

HUMAN LAND USE AND IMPACT

Biogeographical patterns and processes cannot be understood apart from the direct impacts
- of humans and their indirect impacts through land-use systems. This zone has long supported
human populations, although not at the levels of the Peruvian highlands and coast. The
Chachapoyan cultural group lived in what are now forest-covered slopes in the departments of
Amazonas and San Martin; they persisted for some four thousand years, disappearing shortly
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Approximately 1,500.000 people live in the casteni-slope region, or <10% of the population
of Peru. I estimated change in population size for (he montane forest zone using data from the
fifteen political provinces occurring mostly within the zone (sce Methods). Throu ohout the last
114 years only 4.5 to 5.9% of Peru's total population has ever been found in this zone.
Furthermore, as Peru’s population has begun to increase exponentially at »2.5% annually, the
population of the montane forest zone appears still 1o be increasing arithmetically (Fig. 5).
Much of the rapid population buildup in Peru is taking place in Lima. Although this appears to
bode well in general for conservation of the study area, the growth of a huge urban population
will undoubtedly increase demand for extraction of resources from the zone. In addition, three
out of the six physiographic provinces, the western ITuallaga, the Tambo, and the Urubamba
River provinces, all show cxponential growth when examined separately (Fig. 6), demonstrating
that intraregional differences are of great importance. These three physiographic provinces
were the recipients of most of the government-sponsored development projects of the 1960's
and 1970’s,

PHYSIOGRAPHIC
PROVINGCES

sxnss ESTWATED

Inhabitants (x10°)

Fig. 6. Population trends
for each of the six
physiographic provinces
illustrated in Figure 1
and described in the text,
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Table 1. Agricultural land use, tenure, and technology of the montane forest zone compared to that of
the entire country. Numbers given are percentages. Data are from lhe 1972 agricultural census, and are
based on sample sizes of 129,262 farms using 2,469,942 ha in the montane forest zone, and 1,390.877
farms using 23,545,147 ha in the entire country. Relative importance of the montane forest zone is
calculated as the percentage of furms or surface ares in that zone compared to those of the entire
country,

Relative importance
Montane forest zone I'eru  of montane forest zone
Area in transitory crops or fallow 10 13 8
Arca in permanent crops 6 2 29
Area in pasture or rangeland 44 o4 7
Farms with legal titles 29 40 7
Farms directly controlled 52 33 11
Farms rented or shared 14 10 9
Farms with irrigation : 21 30 6
Farms with use of tractors 1 5 1
Farms using commercial fertilizers 12 15 7
Farms using purchased seed 14 19 7

Many of the overall trends of Peru’s agriculture, as revealed in the 1972 census, were
also true for the montanc forest zone (Table 1): much of agricultural land was used as either
pasture or rangeland; fewcer than half of the farmers had legal titles to their land; about half of
the farms were directly controlled by the farmers involved; and few had iractors, used fertilizers,
or purchased seed. About 18% of the entire country, and 19% of the montane forest zone was
used for animal husbandry or field crops. Only in the percentage of area dedicated to permanent
crops was the montane forest zone unusually important at a national level, while it was
particularly impoverished in the use of tractors (Table 1). Al of these trends are probabty still
true today, although comparative data are not readily available. As in other parts of Latin
America (Anderson, 1990), land ownership rights are often dependent on the demonstration
that land is being uscfully occupicd by keeping it in crops or pasture for livestock.

Important crops for the montanc forest zone in 1972 were maize, barley, potatoes, coffee,
and coca (Table 2); barley and potatocs, and coffec and coca probably owe their prominence
here because of the inclusion of, respectively, some higher elevations and some lower elevations
within the "montane forest” provinces (secc Methods). At a national level, the montane forest
zone was particularly important in the relative area and number of farms growing beans,
banana/plantains, avocados, oranges, coffec, coca, and tea (Table 2). The major change that
has occurred since 1972 has been the increased importance of rice and coca, although mostly
below 1500 m. The most important agricultural zone is in the north, in the department of San
Martin, where much of the harvest of maize and rice is lost hecause of the difficully and
expense of transporting grains to markets on the coast of Peru. There were substantial numbers
of livestock, especially cattle, sheep, and hogs in the zone in 1972, although at a national level
it was not particularly important for any of the large livestock groups (Table 3),
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Table 3. Livestock of the montane forest zone compared to that of the entire country. Data is from
the 1972 agricultural census; sample sizes are 129,262 farms in the montane forest zone and 1,390,877
farms in the entire country.

Relative importance (%)
Montane forest zone Peru of montane forest zone
Farms with cattle (%) 37 50 7
Number of cattle 281229 3821130 7
Farms with sheep (%) 32 48 6
Number of sheep 694853 12828907 5
Farms with goats (%) _ 10 14 6
Number of goats 80897 1873703 4
Farms withhogs (%) 35 40 8
Number of hogs 143231 1704438 8
Number of horses, mules, burros 94492 1563815 6

where possibilities for land acquisition and social services are even more limited than they will
face in a frontier environment. Very few of these spontaneous colonists bring with them
agricultural techniques appropriate to the ecological conditions of their new home. The
departments of Amazonas and San Martin receive many colonists each year from the highlands
of Cajamarca; the Selva Ceniral sector, especially the department of Pasco, and the lowlands of
the department of Ayacucho have received hundreds of campesinos from the highlands of
Junfn and Ayacucho, respectively, who fled the violence associated with the activity of guerri-
Na groups. The department of Madre de Dios has numerous spontaneous colonists from the
highlands of Cusco, in addition to some 25,000 placer-gold miners,

The high elevation grasslands of the tropical alpine zone, which border upon the forests of
the montane forest zone at their elevational limit, probably have been burnt for centuries in
order to improve grazing and access (Young, 1990); buming is usually done at two (o five year
intervals when associated with the husbandry of cattle, horses, or sheep. A more intensive use
of these lands for grazing implies shorter intervals between fires and more extensive areas
affected. Fire rarely crosses over from the grasslands into the forest, often burning instead
right up to the forest’s edge and killing woody plants invading the grasslands. However, given
low atmospheric humidity, a hot fire can enter forest and cause catastrophic tree mortality. The
overall impact is to lower the elevational limit of closed montane forest, leaving behind
shrublands or, with more frequent burning, grasslands.

Because the agronomic value of land from 2000-3500 m is limited, the major sets of forces
currently acting to destroy forest cover originate from outside that eievational zone. The
patchwork-pattern associated with forest clearing and field establishment at 500-2000 m is
driven by the market value of coca/cocaine, although land is also cleared for coffee, maize, and
other crops. Frontier expansion tends to disperse deforestation into more isolated valleys, onto
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steeper slopes, and up to higher elevations. In turn, more intensive animal husbandry in the
tropical alpine zone tends o push closed forest downslope. The result is that forest cover is
reduced from both directions simultaneonsly.

The destruction of forest cover within the montane forest zone is usually associated with
highways, from which clearing expands. All the roads were designed for entrance to and
extraction from the Amazon basin, so they cross the maximum possible vertical distance in the
minimum horizontal distance (Fig. 7).

The first phase of degradation afier (he road is built is often high grading, which is the
removal of all accessible, large timber trees. This can be followed by continued timber
extraction and the establishment of small fields or pastures, which over several years leave
behind a scrubby and interrupted vegetation. Rhizomatous plants often come to dominate, with
Chusquea bamboos mostly above 2300 m, especially Chusquea scandens (Young, 1991b), and
bracken fern, Preridium aquilinum, below about 2300 m. The road itself is a continuing source
of environmental damage because the rubble from road construction and maintenance is simply
pushed off the roadside, covering downslope vegetation and increasing slope instability.






136 MEMORIAS DEL MUSEQ DE HISTORIA NATURAL No. 21

There appears to be little hope for conservation in areas in which the government does not
exert control, such as those parts impacted by coca-cocaine production or those occupied by
guerrilla groups. In other areas, regional interests in building highways, exploiting the timber,
and then speculating with land values, are much stronger than any focal or international
conservation group. Legal mechanisms recently established in Per, such as the obligatory use
of environmental impact evaluations before implementation of development projects and the
holding of middle- and upper-level managers liable for environmental damages offer one way
to equalize the forces at play and lessen the polarization between those who would develop and
those who would conserve.
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RESULTADOS Y DISCUSION

COMPOSICION FLORISTICA

La flora vascular del bosque montano oriental del Perd esta integrada por 163 familias, 683
géneros y mas de 3000 especies (Apéndice), de acuerdo con la informacién aciual disponible,
La riqueza de la flora es notable si se compara con 1o reducido del 4rea que ocupa, como fue
sefialado por Young (1991). . A nivel especifico, esta flora representa aproximadamente el 15%
del total de la flora del Peri. .

Las caracterfsticas saltantes de la composicion floristica a nivel de familia son 1) la presen-
cia dominante de dicotiled6éneas (117 familias), 2) la contribucion casi similar de
monocotiledéneas (22 familias) y pteridofitos (23 familias) y 3) la ocurrencia de s6lo una
familia de gimnospermas (Apéndice).

Otra de las caracteristicas del bosque montano oricmial es el predominio de las familias
representadas por diez o menos géneros, las que constituyen cerca del 94% del total (Tabla 1 y
Apéndice). Estas familias menos diversas a nivel genérico corresponden principalmente a las
dicotiled6neas, seguidas por las monocotiledéneas, pteriddfitos y gimnospermas. Las
dicotiledoneas con esta caracteristica est4n representadas por 109 familias, entre ellas se en-
cuentran las mis comunes del drea de estudio, como por ejemplo Araliaceae, Aquifoliaceae,
Chloranthaceae, Cunoniaceae, Meliaceae, Myrsinaceae, Piperaceae y Symplocaceae para la
zona sobre los 2500 m, como sefiala Young (1990) y las Annonaceae, Clusiaceae, Flacourtiaceac,
Lauraceae, Moraceae y Sapindaceae para la zona por debajo de los 2500 m, como encuentra
Gentry (1992). En el caso de las monocotiledSneas, la mayoria de las familias (20) estan
representadas por menos de diez géneros, centre ellas tenemos a las Araceac, Arecaceae,
Bromeliaceae y Cyclanthaceae, que constituyen elementos conspicuos de la flora del bosque
montano oriental. Por otra parte, los pteridfitos presentan como las monocotiledéneas ia
mayoria de las familias con menos de diez géneros; entre ellas tenemos a las Aspleniaceae,
Polypodiaceae y Thelypteridaceae.

Entre las familias menos diversas a nivel genérico y que estin representadas por sélo un
género se encuentran paraddjicamente algunas de las més diversas a nivel de especie. Entre
cllas tenemos a las Aspleniaceae (Asplenium); Cunoniaceae (Weinmannia), Oxalidaceae (Oxalis),
Passifloraceae (Passiflora) y Thelypteridaceae (Thelypteris).

Tabla 1. Nimero de familias segiin su diversidad de péneros,

Niimero de Nimero de familias

géneros Grupo taxondémico Total
Dico. Menoc. Pterid. Gimn.

1-5 04 i6 18 1 - 129

6-10 16 4 3 0 23

>10 7 2 2 0 11
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De las 163 familias botdnicas reconocidas en el bosque moniano oriental, la mayoria de
ellas estdAn ubicadas en cinco categorias (Tablas 2 y Apéndice). Las hicrbas incluyen el 24% de
las familias, los arboles el 19%, los arbolesfarbustos el 10%, las lianas el 8% y las hierbas/
lianas ci 7%.

Las hierbas representan la forma de vida predominante en el bosque monwano oriental
(Tabla 2}, cardcter similar a otros tipos de bosques tropicales (Foster, 1990; Gentry, 1990;
Hammel, 1990). A lo largo de todo el rango altitudinal ocurren 39 familias de hicrbas {Tabla
2), la mayoria de ellas son monocotiledéncas y pieridofitos. Estos dos grupos taxonémicos
también dominan en bosques neouopicales bajos (Foster, 1990; Hammel, 1990). Entre las
familias mfs representativas de esta categoria por su diversidad genérica y/o especifica se
encuentran las Poaceag, Cyperaceae, Commelinaceae y Zingiberaceae para las monocotiled6neas
y las Aspleniaceae, Dennstaedtiaceae, Pteridaccae y Thelypteridaceae para los pteriddfitos.
Entre las familias de dicotiledoneas se encuentran por ejemplo Begoniaceae, Haloragidaceae y -
Apiaceae. Las diferencias latitudinales que ocurren en la composicién de las hicrbas son
minimas (Tabla 3}); solo siete familias estdn restringidas a una o dos subregiones latitudinales,
entre ellas las Droseraceae, Primulaceae y Typhaceae.

Los arboles constituyen la forma de vida més notoria y la que mayor atencion genera en los
estudios sobre el drea (e.g., Young, 1990; Gentry, 1992). En el 4rea de estudio ocurren 30
familias de 4rboles, de las cuales s6lo una es gimnosperma y las demés son dicotileddneas
(Tablas 2, 3 y Apéndice). Entre las familias importantes por su diversidad genérica o de
especies se encueniran Cunoniaceae, Meliaceae, Moraceae, lauraceae, Myrsinaccae y

Tabla 3. Porcentaje de las familias de acucrdo a su forma de vida en relacién a su distribucidn
latitudinal y altitudinal en el bosque montano oriental.

FORMAS NORTE CENTRO N A UR_
DE VIDA 1500 2500 1500 1560 2500 1500 150 2500 1560
2500 3500 3580 2500 3500 3500 2500 3500 3500
m m m m m m m m m
Epifitos 1 1 1 1 I 1 1 1 1
Epffitos/hierbas 6 7 6 7 7 6 6 8 6
Hierbas 2 20 24 21 25 23 oG
Hierbas/lianas 9 9 7 7 7 7 6 8 7
Hierbas/arbustos 3 4 5 6 6 5 6 6 6
Lianas 8 4 8 9 5 8 7 7 7
Lianas/arbustos 1 2 3 3 2 3 2 2. 2
Arbuslos 1 2 3 2 3 3 2 2 2
Arbustos/drboles 8 11 10 11 10 10 11 10 11
Arboles 20 18 18 19 17 18 17 15 17

Otras 17 20 16 18 18 16 20 21 18
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2500 m de altitud. A nivel de familia, esta tendencia persiste y aqui se discute con mayor
detalle.

En el bosque montanc oriental las dos zonas altitudinales (1500-2500 y 2500-3500 m)
difieren en su composicién florfstica (Tabla 4). Estas diferencias se explican por {a distribu-
cién del 17% de las familias botdnicas en una sola zona altimdinal. Las familias que no han
sido registradas por encima de la zona 1500 y 2500 m son de las dicotiledoneas Alzateaceae,
Apocynaceae, Annonaceae, Aristolochiaceae, Bombacaceae, Convolvulaceae, Cornaceae,
Cactaceae, Cyrillaceae, Dichapetalaceae, Erythroxylaceae, Hippocrateaceae, Lacistcmataceae,
Magnoliaceae, Malpighiaceae, Menispermaceae, Olacaceae, Rhamnaceae, Rutaceae, Santalaceae,
Sapotaceae, Sterculiaceae y Winteraceae; de las monocotiledoneas las Mayacaceae, Musaceae,
Typhaceae y Zingiberaceaes; y de los pterid6fitos Marattiaceac y Osmundaceae. En cambio,
aquellas familias que ocupan sélo la zona altitudinal de 2500-3500 m son Berberidaceae,
Droseraceae, Geraniaceae y Primulaceae de las dicotiled6neas; y Loxomataceae de los
pteriddfitos.

Tabla 4. Distribucidn altitudinal y latitudinal de las familias boténicas por grupos taxondmicos en el
bosque montano oriental.

il::;;;giif;; PIUMERO DE FA MILIA?

y zonas Pteridd- Gimnos-  Monoco- Dicoti- Todos los
altitudinales fitos permas  tileddneas leddneas Erupos
NORTE

1500-2500 m 21 1 22 104 148

2500-3500 m 18 1 13 87 119

1500-3500 m 22 1 22 112 157
CENTRO

1500-2500 m 22 1 17 96 136

2500-3500 m 18 1 15 80 114

1500-3500 m 23 1 19 111 154
SUR _

1500-2500 m 21 L 16 87 125

2500-3500 m 19 1 12 74 106

1500-3500m 23 1 18 100 142
TODO EL PAIS

1500-2500 m 22 1 22 113 - 158

2500-3500m 21 1 18 95 135

1500-3500 m 23 1 22 117 163
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APENDICE

Lista de familias del bosque montane ariental del Perd, con ndmeros aproximados de géneros y especies,
més las formas de vida predominantes (e = epifito, hemi-epifito; h = hierba; | = plarta trepadora, liana;
s = arbusto; t = drbol, palmera, helecho arbéreo).

Grupo Nimerns Nimero Formas Gropo Nimero Nimere Formas
{axondmico de de de taxonémice de de de
y familia géneros  especies vida ¥ familia géneros  especies  vida
PTERIDORTOS Convol virlacea: 4 H 1
Aspleniaceae t 41 h Coriariacess I 1 E
Blechnaceae 1 14 h Comaceae 1 i L
Cytthescese 6 - i 3 Cucurbitactae 6 9 !
Drvalliaceac | 3 eh Cumontaccae 1 a5 t
i 9 % h Cyrillaceae 1 1 1
Dickscmaceas 2 k] ot Dichapelalaceae | 2 1
Dryopieclducens 18 11 Seh Driscracene 1 1 h
Equisetaccue 1 3 h i 1 st
Gleicheniaceae 2 15 hl Ericacene 15 61 es
Hymenophyllaceae 2 43 eh Erythrosylaccae 1 2 st
aomas 1 t b Enphrarhiaceae 9 2 st
Loxomalaceae 1 1 I Fabaceoe 18 51 L]
Lycopodiaceae 3 35 eh Flacourtiacese 6 12 &t
Marsitiacone 2 4 h Gentiafacese T 9 hs
Ophiogtossaceae 2 7 h Geramaceae 1 2 b
1 2 it Gesneriaceae 9 12 ehls
Plagiogyriaceae 1 1 h Haloragidaceae 1 4 h
Polypodiaceae o 113 eh Hippocralzacese 2 5 i
Pleridaceas 12 o I ] Icacimoeae 2 4 f
Schizaeaceae 2 G h Juglandaceas 1 ] ]
Selaginellaceze L 16 h Lacistemataceae 2 3 sl
Thelyptersi dacese 1 &0 h Lamiaceae 3 16 his
Viltan acene 2 9 e Lanracease £ 40 1
GIMNOSPERM AS Lentibulariaccae ! i ¢h
Podocarpma oeae k] T 1 Loasaceae 3 6 ]
MONOCOTILEDONEAS Loganiacese 3 4 st
Amaryllidacese : | 3 ht Loranthaceae 12 28 est
Aracesc ] 26 eh Lythraceae 2 3 hs
Arecaceae 7 18 sl Magnoliaceas 1 i |
Brogeliaceae & 2 cb Malphighiactae 4 7 It
Burmacmiaceae 5 L h Malvaceac 4 7 hs
Cammacese 1 2 h Marcgraviaceae 4 6 1s
Comumelinaceae g 14 k Melasinfuatactae 14 92 st
Cyclantbacese 3 4 H Meliaceae 4 13 1
10 2 h Menispermacese 2 3 1
Dioscoreaceae 1 10 I Moniminceae 2 10 i
Erjocanlaceae 2 3 h Moracese 10 -3 t
iridaceae 2 4 b Myficaceae i 1 ol
Juncaceae 2 3 h Myrsimcoae 7 2 1
Liliaceas ¥ 2 h Myrtaceas 4 10 st
Mayacaceas L 1 h Nyclaginaccae 2 3 H
Musaceas 1 2 h Olscace se 2 3 t
i &4 700 eh Onagraceae 3 k] ehs
Poacens k. t] 57 h Oxalidaceae 1 17
Smilacaceas 1 1 ] Papaveraccae 1 3 t
Typhaceae 1 1 b Passilloraceae | 14 |
Xyridoceae 1 g h Phytolaccaceae 3 3 h
Zingjberaceas 3 h Piperacese 2 52 ehs
DICO‘I"[L%DDNBAS Plantaginaceas i 1 h
Acanthacense 7 9 his Polemoniacese 2 2 1s
Actinidiacese 1 9 1 Polygalaceas 2 i5 ha
Alzaleacese 1 1 f Polygonaceae 4 ] h
Amacanthacese 2 4 .1} Primilacea: 1 1 b
Anacardiacces 3 ¢ t Profeaceae 3 & al
Annonace ae 4 & sl Ramuncnlaceae 3 6 n
Apiaceae 4 14 h Rhampace e 2 2 1
Al ceae 3 6 Is Romaceae 8 4 et
Aquifoliacess 1 13 sl Rubiaczae » 0 st
Arzllacese 2 2t el Rutaceae 3 4 1
Asistolochiaceae 1 1 I Sabiaccae | 5 t
Asclepiadaceae 2 k) 1 Samtalaceas 1 i 5
41 RS hist Sapindacene & 22 lst
Balanophoraceae 3 3 h Sapolaceae 5 5 i
Regoniacese 1 11 b Sanifi 4 b Ist
Berberidaceas 1 5 s Setophulariaceae & 53 hl
Betnlaoeae 1 1 t Simaroabeceae 2 2 sl
Bignoniaceae 5 6 ist Solanactae 14 51 hst
Bombecace ne 2 2 L Suphyleaceae 2 3 t
Boraginaceae 6 10 Tut Sicrculisceas 2 4 hs
3 3 h St i 4 t
Brunelliaceas 1 9 t Symplocaceas 1 5 t
Buxaceae ! 1 t Theaceae 3 10 sl
Cactactae 1 I ie Tilisceae 2 4 hs
Campamm}sceas 3 41 his Tovarizceae ] 1 s
(% 3 1o hs Tropasolaceae 1 s 1
Caprifoliaceae 2 8 Is Ulmaceas 2 2 t
icactae 1 1 1 Unicaceas T 35 hs
C 3 6 [} Vakriansceae i 4 h
Celastraceae 2 7 st Verbenaceae & 14 bst
Chloranthacese 1 13 ! Violaceae 2 7] Tls
(Teihmaceat 1 4 L Vitaceae | 4 1
Clusiaceas 3 16 esl Winteraceae 11 1 5
Codumelliaceas 1 1 sl
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LOS BOSQUES NUBLADOS SECOS DE LA VERTIENTE
OCCIDENTAL
DE LOS ANDES DEL PERU

per

NIELS VALENCIA
Museo de Historia Natural,
Universidad Nacional Mayor de San Marcos,
Apartado 14-0434, Lima-14, Perii

RESUMEN

La Vertiente Occidental de Jos Andes se extiende a lo targo de casi todo el rango latitudinal del Peri
¥ esta delimitada por la divisoria de aguas y por el cambio marcado y abrupto de las condiciones
climdticas tipicas de Ia costa. La topografia de esta vertiente es muy accidentada ¥ tiene un gran rango
altitudinal, siendo su parte norte considerablemente mas baja. Numerosos valles se presentan en esta
vertiente, muchos de fos cuales son muy profundos y parecen haber jugado un papel importante en la
distribucién de organismos. La precipitacion y la temperatura en la vertiente siguen dos gradientes muy
pronunciadas, altitudinal y latitudinal.

Los bosques nublados secos s¢ presentan en un rapgo altitudinal entre 2500 y 3200 m, donde la
presencia de neblinas es muy frecucnte durante la estacién himeda. Estos bosques se encuentran desde
el extremo norte del Perd hasta el grado 13 aproximadamente, la mayoria en pendicentes elevadas. En el
norte del pais son mds abundantes, extensos y densos que en la zona central, Estudios sobre la distribucién
de estos bosques y de la influencia humana sobre 1a vertiente occidental, revelan que la actual distribu-
cion en forma de manchas, especialmente en la parte central del Peri, es consccuencia de las condicio-
nes climdticas y topogrdficas més que el producto de las actividades del hombre. Sin embargo, el
impacto humano ha mostrado ser muy antiguo y adn continGa hasta la actualidad, con efecto marcado
sobre la vegetacidn.

ABSTRACT

The western slope of the Andes extends along almost the whole latitudinal range of Peru and is
considered to be delimited by the summits of the western Andes and the strong and abrupt change of the
climatic conditions which characterize the coast. It has a complex topography and great altitudinal range
except in the extreme north, where it is notably lower. Many rivers run the slopes from east to west,
several of which form very deep valleys and seem to be play an important role in the distribution of the
organisms. Rainfall and temperature follow two murkedly steep gradients, altitudinal and latitudinal.

Dry cloud forests are present between 2500 to 3200 m, following a patchy distribution, at an altitude
where mist is frequent during the wet season. Latitudinally, the forests extend from extreme northern
Peru to 13°S, most of them occurring on very steep slopes. In the north, these forests are more
abundant, larger and denser than those found in the central parts of Peru. Studies on forest distribution
and human influence on the western side of the Andes, show that today’s distribution pattern, especially
in central Peru, is a direct consequence of climatic and topographic conditions, rather than the product of
human activities. However, man’s influence has been shown to be old and also to have strong impact on
the vegetation.
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muy cstrecha en ¢l norte, que se amplia hacia el sur, y cuyo ancho varia entre 40 y 200 km
aproximadamente.

Ia principal caracterfstica topografica de la vertiente es ser muy accidentada, presentando
pendientes muy marcadas, entre 30 y 40 grados en promedio. Sin embargo, es frecuente
encontrar lugares relativamente planos, llamados comdnmente pampas. El ascenso en altind
de la vertiente es muy ripido, debido a las fuertes pendientes.  Las distancias por carretera
entre los puchlo del litoral y las abras cercanas al limite superior de la vertiente ilustran
claramente esta caracteristica. Estas distancias oscilan emtre 100 y 250 km aproximadamente
(Tabla 2). Es decir que, en un viaje terrestre desde cualquier puerto en el litoral, podriamos
llegar a las cumbres en alrededor de dos horas. Las distancias en linca recta horizontal son
obviamente més cortas, variando entre 84 y 137 km.

Raimondi (1902) seifala 42 pasos para la Cordiliera Occidental, de los cuales 27 quedan al
sur de Huamachuco (departamento de La Libertad). El paso mas bajo entre Colombia y Chile

Tabla 3. Longitud de los rios (km) en tres rapgos altitudinales.

Costa Vertiente occidental
Rio 0-1000m 0-3006m 1000-3000m
Chira 150 170 20
Piura 230 245 i5
Reque 110 160 50
Jequetepeque 100 145 45
Chicama 100 130 30
Moche - 40 80 40
Virg 40 70 30
Santa 100 170 70
Nepeila 50 65 15
Huarmey 50 65 i5
Pativilca 60 120 60
Huaura 60 110 50
Chancay 60 85 25
Chilién 50 90 40
Rimac 60 100 40
Lurin 50 80 30
Mala 50 20 40
Cailete 60 135 75
Pisco 80 130 50
Ica 140 180 40
Grande 95 130 35
Acari 80 140 60
Yauca 80 130 50
Chaparra 45 70 25
Ocofia 15 190 75
Camani-Majes 110 170 60
Quilca-Vitor 50 120 70
Tambo 100 190 o0
Moquegua 65 100 35
Locumga 50 105 55
Sama 70 120 50

Caplina 60 90 30
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dentro la vertiente, y los rios Piura e Ica, que tienen un mayor recorrido en la costa (Tabla 3).
Los rios de mayor caudal son: Tumbes, Chicama, Chira, Santa, Huaura, Rimac, Caficte, Pativilca,
Majes y Tambo. Algunos rios se caracterizan también por formar valles o cafiones de impre-
sionante profundidad. Una forma indirecta de comparar las profundidades de éstos consiste en
medir la distancia de sus recorridos, entre 1000 y 3000 m de altitud. Los ros Reque,
Jequetepeque, Santa, Pativilca, Caitete, Acari, Ocofia, Quilca y Tambo son los més profundos
(Figura 1). Estos valles parecen tener un importante significado en la biogeografia de las
especies de plantas y animales de los bosques nublados secos, como Io han hecho notar Franke
(1991, 1992) y Valencia (1990).

CLIMA

Como regla general, la precipitacién en las montafias tropicales aumenta con la altitud hasta
los 1000 a 2000 m, donde alcanza su maximo, altura que coincide frecuentemente con la
ocurrencia de los bosques nublados (Lauscher, 1976). En la vertiente occidental del Peri no se
cumple este modelo, pues la precipitacion aumenta en forma continua con la altitud (Franke &
Valencia, 1984; Valencia, 1990). Esto se debe a que la mayor parte de Ia precipitacién en la
vertiente occidental es de origen atldntico {con excepcion de los afios en que ocurre el Fendmeno
El Nifio). Los vientos Alisios que vienen del este, sufren una gran pérdida de humedad al
ascender en la vertiente oriental de los Andes; luego, las mismas masas de aire resultan cada
vez mas secas al descender en el lado occidental de los Andes (efecto foehn). Esta rapida
pérdida de humedad se pucde ver reflejada claramente en la disminucidn de la vegetacién hacia
los niveles bajos de la vertiente occidental (Weberbauer, 1945; Franke & Valencia, 1984;
Valencia, 1990).

La precipitacién en la vertiente occidental sigue dos marcadas gradientes, latitudinal y
altitudinal, que son muy pronunciadas y producen grandes contrastes entre las partes bajas y las
altas, y entre el sur y el norte (Valencia, 1990). La precipitacin anual en el norte (departa-
mento de Piura, 5°S) sc estima en alrededor de 200 mm a 1000 m de altitud y aumenta
ripidamente hasta alcanzar 1400 mm a los 2800 wm, una diferencia de 1200 mm. En el Perd
central (departamento de Lima, 12°S), se estiman 50 mm anuales a 1000 m, que se incrementan
a 300 mm a 2800 m, una diferencia de sélo 250 mm (Valencia, 1990). Las gradientes
altitudinales son pues muy marcadas y notablemente mayores en el norte que en el centro del
Perd. Latitudinalmente, sc presenta también un decrecimiento pluvial bastante marcado de
norte a sur. A 2800 m, la precipitacion anual decrece de 1400 mm en el norte (5°S) a 300 mm
a los 12 grados, una diferencia de 1100 mm. Como resultado de estas gradientes, en el sur del
Perd predominan condiciones muy secas, hacia los 12 grados (departamento de Lima) las
condiciones de humedad se incrementan ligeramente, pero es solo hacia el norte, cerca de los
6°S, que la humedad aumenta en forma marcada (Valencia, 1990).

La temperatura media presenta también ambas gradientes. I.a gradiente altimdinal es pro-
nunciada y més o menos homogénea en toda la vertiente, con un promedio de disminucién de
0.4°C por cada 100 m de elevacién. La gradiente latitudinal es en cambio bastante suave,
estimandose que la disminucién de la temperatura media anual por grado de latitud es de
aproximadamente 0.17°C. De ah{ que, a lo largo de los 2800 m, solamente disminuye de 9.6°C
en el norte del Peri, 2 8.4°C en el Peni central (Valencia, 1990). -

Una caracteristica de las montafias tropicales es la alta variabilidad de las temperaturas
diarias en contraste con Ia escasa oscilacién de las temperaturas anuales (Troll, 1959, 1968).
En Ia vertiente occidental, la amplitud térmica diaria varfa entre 7.5°C y 12°C y no muestra una
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Las colecciones de muestras de piantas de la vertiente occidental ¥ su tratamiento taxondémico
se han realizado desde casi tres siglos atrés, con los primeros cstudios botanicos que se realizaron
en Sudamérica (véase Weberbauer, 1945; Ferreyra, 1986 para la parte histérica). Algunos
estudios florfsticos que incluyen bosques nublados secos de un gran seclor o de la verticnte
occidental en su totalidad, han sido realizados por Weberbauer (1914, 1945), Koepcke €1961),
Valencia (1990) y Cano y Valencia (1992). Sin embargo, listas preliminares de especies de
plantas existen para unos pocos bosques de los departamentos de Piura (Cérdova & Bernex,
1980), Cajamarca (Sagdstegui, 1989), Ancash (Valencia, 1990) y Lima. En este gltimo depar-
tamento sc encuentra ¢l bosque de Zirate, que indudablemente cuenta con los inventarios
floristicos mds completos (Ferreyra, 1978; Valencia & Franke, 1980; Tranke & Valencia, 1984,
Ledn & Valencia, 1986; Valencia, 1990; Cano & Valencia, 1991).

Desde los primeros estudios realizados, se establecié que hay una fuerte relacién florfstica
entre los bosques del noroeste del Perd y los de la vertiente oricntal (Weberbauer, 1945: Berry,
1982). Esta relacion es reforzada por la existencia de pasos muy bajos en el norte del pafs,
como s¢ ha mencionado anteriormente. Los cstudios realizados por Koepcke (1961), Koepcke
y Koepcke (1958), Haffer (1987) y Simpson (1975) entre otros, apoyan eslas ideas ¥ muestran
que adn en los bosques mds australes de la vertiente occidental se pucde establecer conexiones
con la vertiente oriental.

Kocpcke (1961) postuls que las manchas de bosques actuales del Peni central, son relictos
de una banda mds continua que existi6 en ¢l pasado cuando el clima era mas himedo. La
distribucion latitudinal actual de las manchas de bosques muestra nitidamente que en ciertas
zonas de la vertiente existen brechas latitudinales o ausencia de bosques (Valencia, 1990).
Estos "claros” sin bosques coinciden con los valles mds profundos de la vertiente. Observacio-
nes similares en la distribucion de las aves que habitan los bosques nublados secos han sido
realizadas por Franke (1991, 1992). Ambos autores lian propuesto que los valles més profun-
dos de la vertienie occidental han actuado como barrera para la dispersidn de un importante
nimero de cspecies, y han tenido gran importancia en los procesos de especiacion de los
mismos (Valencia & Franke, 1991).

INFLUENCIA HUMANA EN EL PASADO

La dominancia de gramineas y arbustos en la vegetacitn actual de la vertiente occidental, ¥y
la presencia de especies arboreas s6lo en forma de manchas de bosques o individuos aislados,
nos plantea las siguientes interrogantes: ;Es este ambiente apropiado para el crecimienlo de
bosques en forma mas extensa? ;Son los bosques actuales los dltimos vestigios de una
sobrexplotacion por el hombre, desde épocas precolombinas, o son éstos 10s restos o "relictos”
de una banda continua que existié en condiciones clim4ticas m4is favorables? Preguntas simi-
lares han sido formuladas para la puna de los altos Andes (Ellenberg, 1958) donde se presentan
también pequefios bosques aislados de Polylepis v Buddleia. Pero, si bien es cierto que (anto
los bosques nublados secos de la vertiente occidental como los bosques de Ia "Puna” se
encuentrain en forma de pequefias agrupaciones de drboles, las caracteristicas ambientales yla
historia de la vegetacién de ambas no es necesariamente la misma. La vertiente occidental se
diferencia de la puna por una twpografia muy variada y con grandes pendientes, lo que determi- .
na que muchas dreas sean relativamente poco utilizadas por el hombre, Ademds, el clima de la
vertiente, dominado por gradientes de temperatura y humedad muy marcados, origina una gran
diversidad de ambientes. Entre slos se presenta una banda donde existen condiciones climaticas
mds apropiadas para el desarrollo de bosques que en la puna (Franke & Valencia, 1984;
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200, la mayoria de los cuales estd ligada a las actividades pesqueras. M4s all4 de la banda del
litoral, el nimero de pueblos se reduce abruptamente, hasta menos de 10, y continda con valores
bajos hasta casi los 2000 m de altitud aproximadamente. Los escasos pueblos de este rango
altitudinal estdn ubicados en su mayorfa en las riberas de los rfos. Entre los 2000 y 3500 m de
altitud se presenta un marcado incremento del ndmero de pueblos, llegando a su mayor abun-
dancia, més de 70, a los 3200 m. En este rango altitudinal, los pueblos se presentan en forma
muy dispersa en los lugares relativamente planos y su ubicacién no estd relacionada a las
riberas de los rios. A mayores altitudes, ¢l nimero de pueblos disminuye nucvamente en forma
marcada. Esta distribucién muestra que la mayorfa de pueblos se encuenira en altitudes seme-
jantes a los bosques nublados secos de la vertiente occidental. Resultaria pues facil pensar que
el hombre ha intervenido en estos bosques, dando como resultado el actual aspecto general
semidesértico y estepario de toda la vertiente, con unos cuantos pequefios bosquecillos disemi-
nados en areas inaccesibles y con menor influencia humana.

Sin embargo, otros autores como Weberbauer (1936, 1945), Troll (1948), Koepcke (1961),
Koepcke & Koepcke (1958), Hueck (1966) y Walter (1971) consideran que la vegetacion
natural de los altos Andes esti desprovista de bosques debido a las condiciones climaticas
dridas y que el hombre no seria capaz de cambiar tan enorme extension de los Andes. Para el
caso de la vertiente occidental, esta tesis es reforzada en primer lugar por el hecho que los
bosques actuales, especialmente los del centro del Perd, se presentan en laderas con una
orientacion dominante SSW y SW, aquellas que tienen mejores condiciones de humedad, como
se ha discutido anteriormente (Valencia, 1990), y no al azar o siguiendo un patrén de distribucién
contrario al de la ocupacién humana, como se esperaria si el hombre hubiera sido Ia causa de la
destruccién de este tipo de vegetacion lefiosa. Esto se puede comprobar facilmente en las
vertientes del departamento de Lima. El Bosque de Zirate ha estado y estd bajo una fuerte
presion producida por diversas actividades humanas, sin embargo se puede apreciar que la
distribucién de la zonas de mayor densidad de 4rboles presenta una orientacién aproximada
SSW. Asf, las 4reas de Gatero y Gigantén (parte principal del bosque) tienen tal orientacion, al
igual que otras zonas de bosque, Lluclluayqui y Shunshucala, ubicadas en laderas cercanas, y
también Sacasanchi, un bosquecillo ubicado en la ladera opuesta al bosque de Zirate. La
existencia de este Gltimo merece ser deslacada, pues persiste a pesar de encontrarse entre los
pueblos de Lancha (distante s6lo 1 km del bosque) y Chinchina. Es evidente que la distribucién
y el mayor desarrollo de estos bosques se presenta en las laderas donde la humedad se conserva
mejor, en forma relativamente independiente a la presencia o cercania de poblados.

No se puede descartar, sin embargo, la accién destructora del hombre. Es indudable que se
han podido presentar pequefios bosques en lugares con otras orientaciones, en Areas relativa-
- mente planas o con fuentes adicionales de agua. Pero, debido a que estas dreas pudieron ser
utilizadas como terrenos de cultivo o porque presentaban baja densidad de drboles, no habrfan
soportado 1a fuerie presién del hombre, y la vegelacién habria sido destruida mas fécilmente.
Este impacto bumano puede ser observado claramente en el 4rea del Bosque de Zérate. Igual-
mente, en varios fugares entre los pueblos de Chaute, Huancre y Santiago de Tuna, puede
encontrarse hoy en dia numerosos restos de troncos en lugares donde los pequefios bosques han
sido destruidos. En varios otros lugares de la vertiente occidental de los departamentos de
Ancash y Lima, se repite el mismo patr6n, indicando claramente que la distribucién de estos
bosques no se debe a la "gran” destruccion por parte del hombre sino principalmente a las
condiciones ambienlales.

Se puede concluir entonces, que los bosques nublados secos en la vertiente del centro del
Peri se presentan claramente en pequeflas manchas, en dreas donde la humedad y la temperatu-
ra son favorables para su desarrollo. Esta forma de distribucién ha existido probablemente
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Blanca, la Reserva Nacional de Calipuy, y el Santvario Nacional de Calipuy, los que protegen
los rodales de Puya y el "hvanaco”, respectivamente. Todas estas unidades de conservacion
contienen y protegen en su mayor parte una vegelacion de pajonal de puna. Los tinicos bosques
Que se presentan en ellas son los dominados por el género Polylepis, que en general son propios
de las grandes alturas de Andes y no de la vertiente propiamente dicha. Los bosques nublados
secos tipicos de la vertiente occidental no estdn representados en dichas unidades de conserva-
cién. Aunque numerosas dreas boscosas podrian ser consideradas para crear una unidad de
conservacion, s6lo se ha propuesto hasta el momento, la creacién de Ia Reserva Nacional de
Zirate (Valencia, 1980; Franke & Valencia, 1984). Para conservar la diversidad bioldgica que
albergan estos bosques y dado el alto grado de amenaza que ejercen las diferentes formas de uso
por ¢l hombre, es de gran prioridad el establecimiento de varias unidades de conservacién en
esta region. Se requiere en realidad de una serie de Areas protegidas que represenien las
variaciones latitudinales que caracterizan estos bosques.

AGRADECIMIENTOS

Mi agradecimiento a Irma Franke y César Arana por la revisi6n y comentarios al manuscrito.
Este trabajo fue realizado con la ayuda de la International Foundation for Science, Estocolmo.

LITERATURA CITADA

BECK, S. & H. ELLENBERG. 1977. Posibilidades de Desarrollo en la Zona Andina desde el
Punto de Vista Ecoldgico. Lehrstbl fiir Geobotanik, Gittingen.

BERRY, P. E. 1982. The systematics and evolution of Fuchsia Sect. Fuchsia (Onagraceae).

_ Annals of the Missouri Botanical Garden 69: 1-198.

CANO, A. & N. VALENCIA. 1991. Caryophyllaceae del Bosque de Zirate. Boletin de Lima
77: 57-61. :

CANO, A. & N. VALENCIA. 1992 Composicién florfstica de los bosques de la vertiente
occidental de la Andes Pervanos. In: Young, K. R. & N. Valencia (Eds.), Biogeograffa,
Ecologfa y Conservacién del Bosque Montano en el Peri. Memorias del Museo de Historia
Natural UNM.SM. (Lima) 21:171-180.

CORDOVA, H. & N. BERNEX.1980. Algunos aspectos fitoeconémicos de Frias (departamen-
lo de Piura). Boletin de Lima 6: 75-83, 7: 65-75.

CHAPMAN, F. M. 1926. The Distribution of Bird-life in Ecuador. A Contribution to a Study
of the Origin of Andean Bird-life. Bulletin of the American Museum of Natural History
55:1-784.

DUELLMAN, W. E. 1979. The herpetofauna of the Andes: patterns of distribution, origin,
differentiation, and present communities, pp. 371-459. /n: Duellman, W. E. (Ed.), The South
American herpetofauna: Its origin, evolution, and dispersal. Museum of Natural History,
University of Kansas, Monograph 7.

ELLENBERG, H. 1958. Wald oder Steppe? Die natiirliche Pflanzendecke der Anden Perus.
Umschau 1958: 645-648, 679-681.

ELLENBERG, H. 1975. Vegetationsstufen in perhumiden bis perariden Bereichen der tropischen
Anden. Phytocoenologia 2: 368-387, :

ELLENBERG, H. 1978. Ecoregions of the Andean Highlands from Cerro de Pasco to La Paz,
1:2000000. Goltze, Géttingen. :



1992 VALENCIA: BOSQUES DE LA VERTIENTE OCCIDENTAL 169

ELLENBERG, H. 1979, Man’s influence on tropical mountain ecosystem in South America.
Journal of Ecology 67: 401-416.

FERREYRA, R. 1978. Flora y vegetacion del monte de Zarate. Boletin de la Colonia Suiza en
el Perii Set. 1978: 51-58.

FERREYRA, R. 1986. Flora y vegetacidn del Perd, pp 2-174. In: La Gran Geografia del Pert:
Naturaleza y hombre. Manfer-Juan Mejia Baca, Barcelona. 2.

FRANKE, I. 1991. Disjunct bird distributions along the west slope of the Peruvian Andes. Acta
XX Congressus Internationalis Ornithologici: 317-326.

FRANKE, 1. 1992. Biogeografia y ecologia de las aves de los bosques montanos del Perd
occidental. /n: Young, K. R. & N. Valencia (Eds.), Biogeografia, Ecologia y Conservacion
del Bosque Montano en el Perd. Memorias del Museo de Historia Natural UNM.SM. (Lima)
21:181-188.

FRANKE, 1. & N. VALENCIA. 1984. Zdrate: Una Unidad de Conservacicn. Museo de His-
toria Natural, UNM.S.M,, Lima,

HAFFER, 1987, Quaternary History of tropical America, pp 1-18. In: Whitmore, T. C. & G. T.
Prance (Eds.), Biogeography and Quaternary History in Tropical America. Clarendon Press,
Oxford.

HOLDRIDGE, L.R. 1947. Determination of world plant formations from simple climatic data.
Science 105: 367-368.

HOLDRIDGE, L. R. 1978. Ecologta Basada en Zonas de Vida, IICA, San José.

HUECK, K. 1966. Die Walder Sudamerikas. Gustav Fischer Verlag, Stutigart.

INSTITUTO GEOGRAFICO MILITAR. 1979. Catdlogo de nombres geogrdficos del Perii. Parte
1. IGM, Lima.

KOEPCKE, H.-W. 1961. Synckologische Studien an der Westseite der peraanischen Anden.
Bonner Zoologischer Beitraege 29: 1-320.

KOEPCKE, H.-W. & M. KOEPCKE. 1958. Los resios de bosques en las vertientes occidenta-
les de los Andes peruanos. Boletin del Comité Nacional de Proteccion a la Naturaleza 16:
22-30.

KOEPCKE, M. 1954. Corte ecoldgico transversal en los Andes del Perd Central con especial
consideracion de las Aves. Parte I: Costa, Vertientes Occidentales y Regi6n Altoandina.
Memorias del Museo de Historia Natural "Javier Prado™ 3: 1-119,

LAUSCHER, F. 1976. Weltweite Typen der Hohenabhiin gigkeit des Niederschlags. Wetter und
Leben 28: 80-90,

LEON, B. & N. VALENCIA. 1986. Preridophytes of Zarate, a forest on the western side of the
Peruvian Andes. Fern Gazette 13: 217-224.

ONERN. 1976. Mapa Ecolégico del Peri. Oficina Nacional de Evaluacién de Recursos Natu-
rales, Lima. '

PARKER, T. A, 1II, T. S. SCHULENBERG, G. R. GRAVES & M. J. BRAUN. 1985. The
avifauna of the Huancabamba region, northern Peru, pp. 169-197. In: Buckley, P. A, M. S.
Foster, E. S. Morton, R. S. Ridgely & F. G. Buckley (Eds.), Neotropical Omithology.
Ornithological Monographs 36,

PENAHERRERA, C. 1986. Geografia fisica del Perd, pp. 2-221. In: La Gran Geografia del
Peri: Hombre y Naturaleza. Manfer-Juan Mejfa Baca, Barcelona. 1.

RAIMONDI, A. 1902. El Peri. Estudios Mineralogicos ¥ geoldgicos (Primera Serie). Socie-
dad Geogrifica de Lima, Lima. 4.

SAGASTEGUL A. 1989. Vegetacion y flora de la provincia de Contumazd. CONCYTEC,
Trujillo. ’






Memorias del Museo de Historia Natural, U.N.M.SM, {Lima) 21: 171-180, 1992
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RESUMEN

Se presenta un andlisis preliminar de la composicidn de Ia flora vascular de los bosques nublados
secos de Ia vertiente occidental de los Andes peruanos, entre log 2500 ¥ 3200 m de altitud. Se determi-
naron 119 familias, 392 géneros y 801 especies de plantas, de las cuales el 80% de especies son
dicotiledéneas, 12% monocotileddneas, 8% pleriddfitos y una especie de gimnosperma. La familia
Asleraceae fue la mejor representada dentro las dicotiledGneas, con et 18% de las especies; y dentro las
monocotiledéneas la familia Poaceae con el 58%. Ademds, se discute las caracteristicas generales de las
formas de vida mds comunes & nivel de familia.

ABSTRACT

In a preliminary evaluation of the vascular flora of the dry cloud forests of the western slopes of the
Peruvian Andes, between 2500 and 3400 m elevation, 119 families, 392 genera and 801 species have
been determined. 80% of the species were dicots, 12% monocots, 8% pteridophytes and one species of
gymnosperm. The family Asteraceae was best represented among the dicots, with 18% of the species,
and among the monocots the Poaceae with 58%. The more common characteristics of the life-forms, at
the family level, are also discussed,
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INTRODUCCION

Los bosques nublados secos de la vertiente occidental se encuentran distribuidos en una
franja altitudinal delgada, entre los 2500 y los 3200 m de altitud, en forma discontinua y a
manera de isias. Esta franja es muy himeda y con alta frecuencia de nieblas en los meses de
verano (Diciembre-Marzo), pero el resto del afio, principalmente el inviemo, es marcadamenic
seco, solamente el extremo norie del pais estos meses son algo mas himedos. Esta marcada
estacionalidad da origen al nombre gue estos bosques reciben (Valencia 1990, 1992).

Los estudios de la flora y 1a vegetacion de estos bosques son escasos, a pesar de que los
primeros estudios y colectas de la flora del Perd, fueron realizados en la vertiente occidental
(Valencia 1992). En general, se puede decir que estos estudios se han realizado en dos zonas y
en dos perfodos principales diferentes, La flora de los bosques del norte ha sido la primera en
ser estudiada, desde principios hasta mediados del presente siglo, donde indudablemente los
trabajos de Weberbauer (1914, 1945) destacan por su cobertura y profundidad. Por otro lado,
los bosques de la vertiente occidental central del pafs, fueron desconocidos hasta poco después
de los aflos cincuenta, cuando los Koepcke descubren algunas islas boscosas en el Pery central
y realizan algunas trabajos sobre su vegetacion {Koepcke 1954, 1961). Aparte de los autores
mencionados, Jos bosques no tuvieron mayor atencién hasta fines de Jos aifios setenta, cuando
se publicaron algunas listas de plantas. Estas listas preliminares de especies estdn restringidas
s6lo a algunos bosques de los departamentos de Piura (Cérdoba & Bemex, 1980, Valencia,
1990), Cajamarca (Sagastegui, 1989; Dillon & Cadle, 1991), La Libertad (Valencia, 1990),
Ancash (Smith, 1988; Valencia, 1990) y Lima. En este iltimo departamento se encuentra el
bosque de Zirate que indudablemente es el que presenta los inventarios floristicos més completos
(Ferreyra, 1978; Valencia & Franke, 1980; Franke & Valencia, 1984; Le6n & Valencia, 1986;
Valencia, 1990 y Cano & Valencia 1991).

En el presente trabajo pretendemos sefialar algunas caracteristicas generales dc la COmposi-
cién floristica de los bosques nublado secos de la vertiente occidental. Aungue la vegetacién en
general presenta una continua variacion en su composicién florfstica con la latitud, como ha
sido sealado por Valencia (1990), en el presente trabajo toda el 4rea de estudio es considerada
como una unidad, para poder comparar con otras zonas y delinear algunas conclusioncs acerca
de la flora de esta regi6n.

METODOS

El 4rea de estudio ocupa una extensa 4rea latitudinal de alrededor de 7 grados (4°41'-
11°56’S), pero su rango altitudinal, en general, es sélo de 700 m (2500-3200 m), aunque gran
parte de dreas consideradas estuvicron en la estrecha banda de 100 m de altitud (2800-2900 m).
Este estrecho rango considerado, se debe a quc la mayoria de bosques nublados secos se
encuentran restringidos a csa allitud. Las dreas circundantes a los bosques fueron escasamente
consideradas. _

El presente trabajo est4 basado principalmente en nuestras colectas de los autores y las de I.
Franke, las que fueron realizadas en su mayor parte entre los afios 1986 y 1989. Se colecté en
ocho bosques ubicados en los departamentos de Piura, Lambayeque, La Libertad, Ancash y
Lima; mediante visitas de 4 a 8 dfas en cada uno de ellos (descripciones detalladas de los
bosques puede verse en Valencia, 1990). Se colectaron plantas siguiendo dos procedimientos,
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ceas mds representativas, por su nimero de especies, se encuentran las Asteraceae y Poaceae,
las dos mds diversas del total de la flora. Asimismo, se han encontrado 47 especies de hicrbas
consideradas malezas o plantas invasoras, cuya presencia esta obviamente asociada con el
pastoreo y la agricultura. '

Los drboles representan la segunda forma de vida més comin entre las familias estudiadas,
destacando por ¢l mayor nimero de cspecies las Araliaceae y Proteaceae. Ademis, algunas
familias con m4s de una forma de vida incluyen un nimero significativo de especies arboreas,
como Myrtaceae y Saxifragaceae. Es importante hacer notar que las Myrtaceae representan los
elementos arboreos més abundantes y constantes en todos los bosques estudiados {Valencia,
1990). Inventarios en otros bosques neotropicales, muestran como dominantes a otras familias
de drboles; en Ja vertiente oriental de los Andes, las Cunoniaceae, Meliaceae, Moraceac ¥
Lavraceae (Leén ef al., 1992), y en bosques tropicales bajos, las Fabaceae ¥ Moraceae (Foster,
1990; Foster & Hubbell, 1990; Gentry, 1990). En nuestra zona de estudio las familias mencio-
nadas estin escasamenle representadas.

Los arbustos se presentan con relativa diversidad de familias, destacando las Melastomataceae,
Cactaceae, Ericaceac, Berberidaceae, Celastraceae y Sapindaceae. La importancia de esta forma
de vida es notoriamente mayor, si se consideran a las familias con més de una forma de vida,
como Asteraceae, Rubiaccae y Piperaceae. En general, podemos observar que existe cierto
grado de coincidencia con las familias arbustivas encontradas en otros bosques (Foster, 1990;
Foster & Hubbell, 1990). Las formas arbustivas tienen mayor desarrollo en estos bosques
debido a que éstos son relativamente abiertos, y a la fuerte influencia sobre su composicién que
ejercen los matorrales que los rodean (Valencia, 1990).

Los epffitos estdn representados por las siguientes familias: Araceae, Orchidaceae e
Hymenophyllaceae. Ademds, destacan por su diversidad las familias Bromeliaceae, Piperaceae,
Aspleniaceae y Polypodiaceac, que incluyen también formas herb4ceas y arbustivas. Es noloria
la baja diversidad de epffitos en estos bosques nublados, 1o cual es probablemente resultado de
dos factores: la marcada estacionalidad climética con un prolongado periodo seco, y el mayor
énfasis dado a la colecta de especies arboreas y arbustivas. T.as lianas y parasitas en estos
bosques estdn muy poco representadas. Caracieristica que contrasta con 1o encontrado en otros
bosques montafiosos (Leén ef al,, 1992).
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APENDICE

Familias, ndmero de géneros y especies, y formas de vida de plantas vasculares de los bosques
nublados secos de la vertiente occidental del Peri. T= drbol, S= arbusto, H= hierba, L= liana,
E= epifito, P= paridsito.

FAMILIA GENEROS ESPECIES FORMAS FAMILIA GENEROS ESPECIES FORMAS
DE VIDA - DE ¥IDA
DICOTILEDONEAS : Phytolaccaceae 1 2 H
Acanthaceae 3 4 HS Piperaceae 2 114] EHS
Actinidiaceae 1 1 T Pla 3 4 H
Amaranthaceae 4 12 H Plumbaginaceae 1 2 H
Anacardiaceae 2 2 T Polemoniaceae 2 3 HS
Apiaceae 7 10 H Polygalaceae 1 3 HS
naceae 1 1 s Polygonaceane 3 6 H
Aquifoliaccae 1 i T Portulacaceae 2 3 H
Araliaceae 1 5 T Primulaceae 1 1 H
Asclepiadaceae 2 4 H Proteaceae 3 3 T
Asteraceae 60 117 HSTL Ranunculaceae 3 7 H
Basellaceae 2 2 H Rhamnaceae 3 3 S
Begoniaceae 1 2 H Rosaceae g 13 HST
Berberidaceae 1 6 S Rubiaceae 6 11 HS
Bignoniaceac 2 3 ST Rutaceae 2 2 S
Boraginaceae 5 14 HS Sabiaceae 1 1 S
Brassicaceae 7 14 H Santalaceae 2 2 HS
Cactaceae 9 11 S Sapindaceae 5 5 s
Campanulaceae 2 3 HS Sapotaceae 1 ! T
Cappan 1 1 T Saxifragaceae 2 7 ST
Caprifoliaceae 2 73 T Scrophulariaceae Q 23 H
Caricaceae 1 2 S Solanaceae 15 40 HS
Caryophyllaceae 9 22 H Sterculiaceae 1 2 S
Celastraceae 1 5 3 Symplocaceae 1 1 T
Chenopodiaceae 1 3 H Theaceae 2 2 T
Chloranthaceae i 1 s Thymelacaceae 1 1 5
Clethraceae 1 2 P Tropaeolaceae 1 2 H
Convolvulaceae 5 7 HP Urticaceae 4 7 HS
Crassulaceae 2 3 H . Valerianaceae 1 3 H
Cucurbitaceae 2 2 I Verbenaceae 4 17 HST
Cunoniaceae 1 2 T Zygophyllaceae 1 1 H
Elacocarpaceae 1 1 T
Ericaceae 4 7 s MONOCOTILEDONEAS
Euphorbiaceas 7 11 HS Amaryllidaceas 3 9 H
Fabaceae 18 33 HST Araceae 1 2 E
Flacourtiaceae 1 1 S Bromeliaceae 2 11 EH
Gentianaceae 1 1 H Commelinaceae 1 1 H
Geramaceae 2 5 H Cyperaceae 5 6 H
Guttiferae 2 4 HST Dioscoreaceae 1 1 H
Hydrangeaeceac 1 ] T Iridaceae 2 2 H
Hydrophyllaceae 1 1 H Juncaceae 1 2 H
leacinaceae 1 1 T Liliacese 4 5 H
Julianaceae 1 1 S Orcludaceae 1 H E
Lamiaceae 7 12 HS Poacese 24 57 HS
Lauraceae 1 1 T Smilacaceae 1 1 L
Linaceae 1 1 H
¥: 1 1 e
ganiaceae eae 1 1 T
Loranthaceae 5 7 P
Malesherbiaceae 1 1 H PTERIDOFITOS
Malvaceae 5 9 R Aspleniaceae 1 7 EH
Melastomataceae 3 i1 S Blechnaceae 1 3 H
Meliaceae ; 2 2 T Cyatheaceae 1 1 T
Monimiacese 1 2 S Dennstaedtiaceae 1 1 H
Morcacese 1 1 T Dryoptendacese 6 7 EH
Myticaceae 1 1 T uisetaceae 1 1 H
Myrsinaceae 1 2 T Gleicheniaceae 1 i H
Myrtaceae 2 5 ST Hymenophyilaceae 2 2 E
Nycatginaceae 3 6 HL Lycopodiaceae 2 3 EH
4 9 HS Polypodiaceae 5 13 EH
Onxalidaceae 1 4 H Preridaceae 7 19 EH
Papaveraceae 2 3 HS Selaginellaceae 1 1 H
ifloraceas 1 7 H Thelypteridaceae 1 5 H
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(Aglaeactis cupripennis (2 sspp.), Craniolenca antisiensis (2 sspp.), Leptasthenura pileata (2
sspp.) y Atlapetes seebohmi (2 sspp.). Los resultados pueden ser resumidos como sigue:

1) El mimero de taxa disminuye marcadamente de norte a sur. En el norte se presentan 102
laxa y se reducen a 56 en ¢l punto mds austral de muestreo (ca. 12°S). Esta disminucién de
especies estd significativamente correlacionada con la gradiente latitudinal de precipitacion
(r=0.872, P >0.001).

2) Los 124 taxa pueden ser divididos en dos grupos. El Grupo 1 esid compuesto por 102
taxa que se presentan en Ecuador y tienen una distribucidn continua o casi continua hasta un
determinado punto de las vertientes occidentales. Estos taxa pueden ser divididos en nueve
subgrupos (Fig. 1) con limites australes en los siguientes puntos (aunque Zarate no s necesa-
riamente ¢l lfmite sur de la distribucion de la especie o taxon):

Abra de Porculla 5°5I'S 7taxa
Bosque de Chifiama 6°06'S 7 taxa
Valle dei rio Chancay(Reque) 6°40°'S 4 taxa
Valle del rio Safia 6°54’S 26 taxa
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Las diferencias en patrones de distribucion de Cranioleuca por un lado, y de Synallaxis zimmeri
y Ochthoeca piurae por otro, puede ser explicado por el hecho que las especies que ocupan el
interior del vatle del Santa, pueden ser encontradas hasta 4000 m de altitud, mientras que las
Gltimas dos especies se presentan a altitudes menores, de 1500 a 2800 m. Ambas especies
ocupan tanto bosques secos de neblina como hébilats arbustivos m4s secos. No es de sorpren-
der por lo tanto que eslas Gltimas especies no poblaran el alio valle del Santa, sino que se
dispersaran hacia el sur, hacia la cordillera Negra, siguiendo las partes bajas de la vertiente,

Aunque la eficacia de los pasos bajos de la cordillera Occidental como barrera para la
dispersion de las especies ha sido cuestionada (Parker et_al., 1985), no deja de ser sorprendente
notar que muchos de los limites de distribucién coinciden con las zomas donde los Andes
occidentales son més bajos (Vuilleumier 1969, 1977) y con los valles mds profundos de la
vertiente del Pacifico. Existe la posibilidad que estos resultados scan un artefacto debido a
muestreos incompletos de la zona. Sin embargo, un estudio de la distribucin latitudinal de
306 bosques secos de neblina (Valencia, 1990) muestra que varias importantes brechas en la
distribuci6n coinciden con las 4reas bajas de la cordillera en el norte del Perd ¥ con los valles
profundos de la vertiente del Pacifico. Aun mis, tres de las zonas de reemplazo encontradas
durante este estudio coinciden con las brechas encontradas en la distribucién de los bosques.

La primera de éstas est4 ubicada en la latitud del rio Chancay (Reque). Se ha demostrado
Que esta es la zona de contacto entre Diglossa humeralis y D. brunneiventris (Graves, 1982:
Vuilleumier, 1984), y es probable que haya sido mas importante para la dispersidn y especiacién
de aves de las vertientes occidentales que el Abra de Porculla, el paso més bajo del norte de
Perii y el més frecuentemente mencionado. La segunda zona es el ya discutido valle del Sania
y la tercera es el valle del Pativilca en el Peni central,

Estos resultados apoyan pues las hipétesis de que la mayor parte de la avifauna de los
bosques de la vertiente occidental del Pend tiene su origen en el norte, de una dispersion hacia
el sur, con Ifmites australes en la distribucién de las especies determinados principalmente por
condiciones ambientales, y que la fragmentacion de la banda boscosa al ascender en la vertiente
durante épocas interglaciales mds secas ha tenido un rol importante en los procesos de especiacién
que ocurrieron en el lado occidental de los Andes.

Tabla 1. Proporcidn de especies en los principales gremios de alimentaci6n en el total de especies
registradas en nueve puntos latitudinales importantes para la distribucién de aves, Sp: ndmero de
especies. Porcentaje de especies segiin su dieta principal: insectivoros (I), frugivoros (F), nectarivoros
(N), granivoros (G} y otros (Q). Puntos latitudinales: §°51'S (Abra de Porculla), 6°06'S (Bosque de
Chifiama), 6°40’S (Valle del rio Chancay), 6°54'S (Valle del rio Safha), 7°19'S (Valle del rio
Jequetepeque), 7°29'S (Valle del rio Chicama), 7°42'S (Bosque de Llaguén), ca. 10°00°S (Cordilleras
Blanca y Negra), 11°55’S (Bosque de Zirate), 4

LATITUD (Grados S)
5'51'  6°06' 640" 6°54' 719 7°29° 742 10°0'  11°55

Sp 99 92 86 82 57 55 59 39 56
%1 465 467 453 476 456 455 492 458 393
%F 162 14.1 151 146 140 145 119 136 143
%N 12.1 130 140 110 140 145 15.3 13.5 16.1
%G 13.1 14.1 140 146 175 182 169 203 232
%0 i2.1 12.1 116 122 89 6.7 6.7 6.8 7.1
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INFLUENCIA DE LAS CONDICIONES ECOLOGICAS EN LA
COMPOSICION DE LA AVIFAUNA DE LOS BOSQUES

Como se ha visto anteriormente, la composicion de la avifauna varia marcadamente a lo
largo de la gradiente latitudinal. Muchas de las especies resultan confinadas a los bosques del
extremo norte del Perd y este hecho se observa no sélo a nivel de especie sino incluso a nivel
de familia. En los bosques del norte encontramos por cjemplo representantes de las familias
Cracidae, Trogonidae y Dendrocolaptidae, que no se presentan més al sur,

Los cambios latitudinales hallados en la composicidn de la avifauna de los bosques, son el
resultado no s6lo del origen e historia de las especies, sino de la combinacién de este factor con
las condiciones ecolégicas predominantes en los bosques. Este aspecto se puede comprender
con mids facilidad, analizando las variaciones en los gremios de alimentacitn (Wiens, 1989)
que se presentan en las diferentes latitudes. Para este andlisis, se ha considerado cinco gremios
principales de alimentacién: 1) insectivoros, 2) frugivoros, 3) nectarfvoros, 4) granivoros y 5)
otros (carnivoros, omnivoros, clc.). Las especies se han asignado a los gremios segin los
elementos principales de su dicta reportados en la literatura (M. Koepcke, 1958; Fjeldsa &
Krabbe, 1990; Ridgely & Tudor, 1989, Isler & Isler, 1987). Del total de taxa (124) registrados
en las nueve localidades mucstreadas, el 46% (57 taxa) ha sido asignado al gremio de
insectivoros, el 13% (17) al de frugivoros, el 15% (18) al de nectarfvoros, el 10% (12) al de
granfvoros, y ¢l 16% (20) al gremio gencral de otros.
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Fig. 2. Proporcidn de insectivoros (a) y granivoros (b) que forman parte de las comunidades de los
bosques montanos de la vertiente occidental del Peri.






‘188 MEMORIAS DEL MUSEO DE HISTORIA NATURAL No. 21

GRAVES, G. R. 1982. Speciation in the Carbonated flower-piercer (Diglossa carbonaria)
complex of the Andes. Condor 84; 1-14.

HAFFER, J. 1987. Quaternary History of Tropical America, pp. 1-18. In: Whitmore, T. C. &
G. T. Prance (Eds.), Biogeography and Quaternary History in Tropical America. Clarendon
Press, Oxford.

ISLER, M. L. & P. R. ISLER. 1987. The Tanagers. Smithsonian Institution Press. Washington,
D.C.

KOEPCKE, H. W. 1961. Synikologishe Studien an der Westseite der Peruanischen Anden.
Bonner Zoologischer Beitrdge 29: 1-320.

KOEPCKE, M. 1958. Die Végel des Waldes von Zérate (Westhang der Anden in Mittelperu).
Bonner Zoologischer Beitrdge 9:130-193.

KOEPCKE, M. 1961. Birds of the Western Slope of the Andes of Peru. American Museum
Novitates 2028.

O’NEILL, J. P. 1992, A general overview of the montane avifauna of Peru. /n: Young, K. R. &
N. Valencia (Eds.), Biogeografia, Ecologia y Conservacién del Bosque Montano en ¢l Peri.
Memorias del Museo de Historia Natural, UN.M.S.M. (Lima) 21: 47-55,

PARKER, T. A, III, T. S. SCHULENBERG, G. R. GRAVES, & M. J. BRAUN, 1985. The
avifauna of the Huancabamba region, northern Peru, pp- 169-197, In: Buckiey, P. A, M. §.
Foster, E. S. Morton, R. S. Ridgely, & F. G. Buckley (Eds.), Neoiropical Ormithology.
Ornithological Monographs. 36.

RIDGELY, R. 8. & G. TUDOR. 1989. The birds of South America. Vol 1. The Oscine Passerines.
University of Texas Press, Austin.

SIMPSON, B. B. 1975. Pleistocene changes in the flora of the high tropical Andes. Paleobiology
1: 273-294.

VALENCIA, N. 1990. Ecology of Forests on the Western Slopes of the Peruvian Andes. Ph.D.
Thesis. Aberdeen University, Aberdeen.

VALENCIA, N. & I. FRANKE. 1980. ElI bosque de Zarate y su conservacién, Boletin de Lima
7: 76-86; 8: 26-35.

VUILLEUMIER, F. 1969. Pleistocene speciation in birds living in the high Andes. Nature
223:1179-1180.

VUILLEUMIER, F. 1977. Barritres écogéographiques permettant laspéciation des oiseanx des
hautes Andes, pp. 29-51. In: Descimon, H. (Ed.). Biogéographie et évolution en Amérique
tropicale. Publications du Laboratoire de Zoologie, Ecole Normale Supfrieure (Paris). 9.

VUILLEUMIER, F. 1984. Zoogeography of Andean birds: two majorbarriers; and speciation
and taxonomy of the Diglossacarbonaria superspecies. National Geographic Society Research
Reports 16: 713-731.

WEBERBAUER, A. 1914. Die Vegetationsgliederung des nordlichen Peruum 5° siidl, Botanische
Jahrbiicher fur Systematik,Pflanzangeschichte und Pflanzengeographie 63(1); 29-48.

WEBERBAUER, A. 1945. £l Mundo Vegetal de los Andes Peruanos (Estudios F itogeogrificos).
Ministerio de Agricultura, Lima.

WIENS, J. A. 1989. The Ecology of Bird Communities. Vol. I Foundations and Patterns.
Cambridge University Press, Cambridge.



Memotias del Museo de Historia Natural, UN M.SM. (Lima) 21: 189-205, 1992

ON THE ORIGINS OF THE WESTERN SLOPE REGION OF
ENDEMISM: SYSTEMATICS OF FIG-EATING BATS,
GENUS ARTIBEUS

by

BRUCE D. PATTERSON
Division of Mammals, Field Museum of Natural History,
Chicago, IL 60605, U.S.A.

VICTOR PACHECO
Museo de Historia Natural,
Universidad Nacional Mayor de San Marcos,
Av. Arenales 1256, Apartado 14-0434, Lima-14, Perit

and

MARY V. ASHLEY
Department of Biological Sciences,
University of Hlinois at Chicago,
Chicago, IL 60680, U.S.A.

ABSTRACT

A phylogenetic analysis of fig-eating bats (genus Artibeus) was undertaken to ilfuminate the origins
and interrelationships of the highly distinctive biota that inhabits the Western Slope of the Andes in
Peru. The study focused on three populations of Artibeus fraterculus, a species endemic to the Western
Slope, and their relationships to each other, as well as to other Artibeus species in the Amazon Basin and
in Southeastern Brazil. We examined sequence variation in the mitochondrial genes ATPase 8 and
ATPase 6 using the polymerase chain reaction (PCR) and both phenetic and cladistic analyses. Sequence
divergence among populations of A. fraterculus on the western versant and in the Marafién valley was
very low (<1%). Conlrary to past taxonomy, which treated fraterculus as a subspecies of the widespread
A. jamaicensis, no sister-group relationship exists between these taxa. Instead, analyses suggest that A.
Jamaicensis, A. planirostris, and A. lituratus are all more closely related to one another than any is to A,
JSraterculus. This indicates that diversification of these Amazonian taxa took place subsequent to the
divergence that gave rise to A, fraterculus. This phylogenelic perspective is difficult to reconcile with
hypotheses of a late-Pleistocene origin of A. fraterculus via dispersal across the Huancabamba Deflection.
Two alternative hypotheses based on an earlier origin of A. fraterculus are proposed: that this species
and other elements of the Western Slope biota originated by vicariant events associated with Andean
orogeny during the Pliocene, or that Western Slope taxa may be derived from the Middle American
biotic province, rather than Amazonia. :

RESUMEN

Se realizé un andlisis filogenético de los murciélagos frugivoros del género Artibeus para elucidar los
origenes e interrelaciones de la biota altamente diferenciada que habita la vertiente Occidental de los
Andes del Perd. El estudio examinG tres poblaciones de Artibeus fraterculus, una especie endémica de
la vertiente Occidental, y sus relaciones entre ellas, asi como con otras especies de Artibeus en la Hoya
Amazépica y en el Sureste del Brasil. Analizamos la variacidn secuencial en los genes mitocondriales
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ATPasa 8 y ATPasa 6 usando la reaccién de polimerasa en cadena (PCR) y anilisis fenélicos y cladisticos.
La divergencia en secuencia entre poblaciones de A. fraterculus en la vertieate Occidental y en el valle
del Rio Marafién fue muy baja {(<1%). Contrariamente a la laxonomia pasada, la que trataba fraterculus
como una subespecie del ampliamenie distribuido A. jamaicensis, ninguna relacién de grupo hermano
existe entre estos taxa. Por el contrario, nueslros andlisis sugicren que A. jamaicensis, A. planirostris, y
A. lituratus estin mds cercanamente relacionados entre si que alguno lo estd a A. fraterculus. Esto in-
dica que la diversificacidn de estos taxa amazénicos tomé Iugar [uego de [a divergencia que di6 lugar a
A. fraterculus. Esta perspectiva filogenética es dificil de reconciliar con hipdtesis de un origen
pleistocénico tardio de A. fratercutus via dispersion a través de la Defleccién de Huancabamba. Dos
hipétesis alternativas basadas en un origen mds temprano de A. fraterculus son propuestas: que esta es-
pecie y otros elementos de la biota de la vertiente Occidental se originarén por eventos vicariantes
asociados con la orogenia andipa durante ¢l Plioceno, o que los taxa de la vertiente Oceidental pueden
haberse derivado de la provincia bidtica de Meso America en vez que de la Amazonia.

INTRODUCTION

For much of their length, the Andes Mountains conslitute an insurinountable barrier to the
dispersal of fowland organisms. Many plants and animals are widely distributed with non-
coincident ranges in the castern lowlands of Amazonia but have geographic ranges sharply and
coincidentally truncated on the lower slopes of the mountains. On the other hand, the Andes
offer a spectrum of dispersal opportunities for many highland species. Some moniane species
exhibit geographic ranges as much as 800 times longer than they are wide, occurring in ribbon-
like bands along the slopes of the mountains (Graves, 1988), The Andes have few equals as a
natural theater for cvolutionary experiments, given their biological diversity and geographic
exicent,

Correspondence between biotic distributional limits and the Andes has long been appreciated
(Tschudi, 1847). Analyses of mammalian distributions include those of Baker (1967),
Hershkovitz (1972), and Koopman (1978, 1982). Most studics identify a region of limited
diversity but high endemism along the Pacific coast of Pene. Koopman's (1982) study of South
American bats (Mammalia: Chiroptera) is illustrative. In six of the seven faunal subregions he
recognized, endemic species amount to 3-13% of the standing divessity. However, fully 37%
of the species in the Western Slope biota are endemic to that region. Infonmation on other
groups is meager, but generally supports the biotic distinction of the Western Slope. Studying
distributions of Neotropical birds, Cracraft (1985) recognized three centers of endemism in
western Pery (his Maraiién, Tumbes, and Peruvian Arid Coastal Centers). In a detailed account
of buiterfly distributions in Peru, Lamas (1982) identified no fewer than 48 different
biogeographic units in Peru, 12 or 13 of which are situated on the Western versant. Plant
species endemism in the coastal "lomas" formations of the Peruvian and Atacama deserts
exceeds 40% (Rundel ef al., 1991).

The endemism shown by various groups in the Western Slope region is readily explicable,
given the region’s isolation by high elevations and their distinctive habitats. Only in northern
Peru, in an area termed the Huancabamba Deflection (because the cordilleran axis shifts from
northwest-southeast to northeast-southwest) are there east-west passes lower than 4000 m at
tropical latitudes. Indced, the lowest pass in the deflection, Abra Porculla, is only 2145 m
high. These low-elevation passes and the adjacent arid valley of the Rio Marafién constitute
significant barriers to the north-south distributions of pAramo and puna (or “jalca™) birds.
Vuilleumier (1984) found that 63% of the avian species found on either side of the deflection
have differentiated, and 31% of the species are absent from highlands on the other side. On the
other hand, many species of lower-elevation birds range widely throughout the dry vegetation
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types of the passes and the adjacent Western and MarailGn slopes (Chapman, 1926; Vuilleumier,
1984).

In a distributional synopsis based on more than 380 days of field obscrvation, Parker ef al.
(1985) identificd two components of geographic isolation in the Huancabamba region: low
passes along the western cordillera and the arid basin of the Rio Marafién to the east. Their
analysis identified 18 species pairs separated by the Marafién valley but found no instances of
species replacement on opposite sides of passes in the western cordillera. On these bases,
Parker er al. (1985) questioned the efficacy of low-lying passes as barriers to montane species,
especially those inhabiting shrub-steppe vegetation.

The purpose of this study is to investigate the biogeographic significance of montane passes
and the Marafién valley to the distributions of lower-clevation species. Patterns of evolutionary
divergence are assessed relative to these barriers, because such patterns provide cumulative and
integrated records of past and present distribution, ecology, and gene flow. We chose to study
bats of the genus Arfibeus (Chiroptera: Phyllostomidae) because they are: 1.) widely distributed
in the Neotropics, ranging from southern México and the Greater Antilles to northern Argentina,
2.) highly diversificd, with at keast 10 species (in the restricted sense of Owen, 1987), including
one (fratercuius) (hat is endemic to the Western Slope, and 3.} gencrally restricted in ecological
range (o lower elevations, lypically in mesic and scmi-arid forests. Genetic analyses were
conducted because of the utility of molecular characters in clucidating the phylogenetic
relationships of closely related species and in offering information directly related to patterns
of dispersal and gene flow.

A BIOGFOGRAPHIC HYPOTHESIS

Prescent distributions suggest that many lowland organisms are unable to surmount the
Eastern or Western cordillcras of the Peruvian Andes. Two less formidable geographic bartiers
separate lowland inhabitants of the Amazon Basin from the western lowlands along the most
direct axis of colonization: the arid valley of the lower Rio Marafién, isolating Amazonian
forests from gallery forests along this inter-Andean vatley, and the Huancabamba passes,
separating the Marafién vatley from the Western Slope. These barriers are arranged in sequence
as a distributional gauntlet. That is, having colonized the Marafién valley, an Amazonian
species would have to surmount the arid montanc passes in the Huancabamba region before
becoming established in the Western lowlands.  Within each of the three lowland regions.
bounded by these barriers, dispersal and gene flow presumably occur freely. Given that all
species of Artibeus save A. fraterculus occur in the eastern lowlands (or else in Central America
and the Antilles), any tree of presumed relationships should be rooted in the east.

Given these assumptions, geographic relationships among areas can be expressed in the
form of an area cladogram (Fig. 1). Correspondence between the arca cladogram and genetic
divergence patterns of Artibeus can be interpreted as corroborating the causal assumptions
underlying the area cladogram.

For most of its history, A. fraterculus was considered to be a race of Artibeus jamaicensis
{e.g., Ortiz de la Puente, 1951; Cabrera, 1958; Tuttle, 1970; Jones & Carter, 1976) until
Koopman (1978) showed it was a distinct species. Therefore, we expected A. jamaicensis
populations in the Amazon Basin o form the sister group to A. fraterculus. However, we
included various other species of Artibeus in our analysis to clarify the nature of relationships
between fraterculus and jamaicensis.
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Fig. 2. UPGMA dendrogram of percent divergence in a 417 base-pair region of the mitochondrial genes
for ATPase 8 and ATPase 6. The coefficient of cophenetic correlation is 0.97. Numbers refer to Field
Museum and Museo de Historia Natural catalogue numbers of Artibeus fraterculus. Locality abbreviations
are: SB, San Bartolomé; HL, Hacienda Limén; and MS, Monteseco.

the 49 variable sites; only two transversions were observed. Twenty of the substitutions
resulted in amino acid replacements.

Percent sequence divergence was used in a genetic distance analysis. Divergence values
among samples ranged from (, in the case of several samples of A. fraterculus that had ideatical
base sequences, o a high of 0.11, separating an A, fimbriatus from an A, obscurus. However,
only 110 b.p. of sequence were obtained from the last individual. Average interspecific
divergence was about 0.05. The distance matrix was subjected to a UPGMA cluster analysis,
which identified A. fimbriatus samples as the most divergent of those analyzed. Conspecific
samples tended to be nearest neighbors, although samples identified as A. jamaicensis, A.
planirostris, and A. obscurus were intermixed. All A, fraterculus samples formed a single cluster
before joining other Artibeus. Contrary to expectation, the cluster of fraferculus samples did not
join to one of A. jamaicensis. Rather, the cluster of fraterculus joined with a cluster comprising
Simbriatus (0.053), and this cluster joined at a slightly higher level (0.058) with the remainder.
Numerous ties limit the resolution of this analysis, especially with regard to the resolution of
relationships among samples of A. fraterculus.

Another cluster analysis was conducted, employing all fraterculus samples with single
representatives of other taxa lo maximize information relating to the divergence of fraterculus
samples (Fig. 2). Here, fratercalus samples cluster together, then with a group containing
planirostris, jamaicensis, and lituratus; fimbriatus represents the basal element of this analysis.
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Within fraterculus, most specimens from San Bartolomé {sample 1 in Fig. 1) are joined with
members of Hacienda Limon (sample 3), whereas another individual from San Bartolomé
clusters with members of Monteseco (sample 2). All of the clusters in this analysis save one
containing two individuals from Monteseco proved to be geographically heterogeneous. The
topology of this tree fails to support the arca relationships predicted in Fig. 1.

A very similar tree topology results from phylogenetic analysis of the same data. A. fimbriatus
was treated as an outgroup because of its high average divergence from other species.
Substitutions at the 49 variable sites were analyzed using the TBR, MULPARS, and heuristics
options of PAUP. A total of 2,110,211 rearrangements produced 250 trees with 67 steps; the
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strict consensus of these trees is shown in Fig. 3. Again, A. fraterculus samples constitute the
sister-group to all Amazonian taxa, with A. fimbriatus as the sister to the ensemble. Relative to
A. fraterculus, samples identified as A. jamaicensis, A. planirostris, and A. lituratus show much
more consistent hierarchical structre (i.e., resolved branches in consensus anal ysis). Obviously,
Sratercalus samples do not show the geographic structure predicted in Fig. 1,

A refined analysis of divergence among samples of fratercuius was undertaken to detect
geographic patiemns within this species. Mean sequence divergence among (hree populations of
A, fraterculus (sample size in parentheses) is shown in Fig. 4: San Bartolomé (n=4), Monteseco
(n=4), and Hacienda Limé6n (n=5). Sequence divergence between individuals from San
Bartolomé and Hacienda Limén averages about a third as great as between other population
pairs, despite the 595 km distance and the Andean cordillera that separate them. On the other

~ hand, only 120 km separate Hacienda Limén from Monteseco and the intervening Andean
passes are substantially lower here, yel sequence divergence averages 0.62%. There is no
evidence here for a colonization corridor through the Huancabamba Deflection,

Lack of correlation between genetic and geographic distance can be related to differences in
genetic variability between populations (Fig. 4) and the distribution of mitochondrial haplotypes
(Table 1). Two DNA sequences were found in the four individuals from San Bartolomé; one

8 1% 1 4 -
0621% &
Monteseco v s e
: > Hda. Limon e
\\aﬂb 0% ; %
s : -~ j
0.515% 0.187% =1
A o E
: (B 4
AL ER B EE
San Bartolome SB MS HL @ .% )
L1 c 2
£ 8¢
fraterculus 82 T o
§ £ @

a) between populations b) within populations

Fig. 4. Sequence variation among and withio populations of Artibes fraterculus: a.) analysis of sequence
divergence (percent substitutions at surveyed sites) among (hree populations. Solid lines and larger
fonts indicate mean percent sequence divergence between population pairs. Dotted lines and smaller
fonts give the proportions of individuals in each population sample that were identical in base sequence
to one or more individuals in another population. b.) within population analysis, comparing levels of
individual variation in A. fraterculus populations to that found in related species of Artibeus.
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Table 1. Geographic and taxonomic distribution of mitochondrial haplotypes of Artibeus in the region of
ATPase 8 and ATPase 6. Detailed information on provenience is given in the Appendix. Sample number
refers to Fig. 1.

Species haplotype  Catalogue number Source Sample no.
fraterculus A MUSM 4887 San Bartolomé 1
A FMNH 129099 San Bartolomé 1
A FMNH 129105 San Bartolomé 1
A FMNH 129022 Limén 3
A FMNH 129025 Lim6n 3
A FMNH 129038 Lim6n 3
B FMNH 128989 San Bartolomé 1
B FMNH 129061 Monteseco 2
C FMNH 129042 Monleseco 2
C MUSM 4301 Monlteseco 2
D MUSM 4328 Monteseco 2
E FMNH 129017 Limén 3
F FMNH 129010 Limén 3
Jimbriatus G MZUSP (SFC10) Southeastern Brazil =
H MZUSP (SFC12) Southeastern Brazil =
Jjamaicensis I MZUSP (BDP2065) Amazon Basin -
] MZUSP (BDP2124) Amazon Basin B
K MZUSP (BDP2127) Amazon Basin %,
L MZUSP (BDP2802) Southeastern Brazil -
M MZUSP (BDP2807) Southeastern Brazil -
N MZUSP (BDP2856) Southeastern Brazil -
Lituratus 0 FMNH 129111 Eastern versant, north 4
P MZUSP (BDP2243) Amazon Basin -
Q MZUSP (BDP2828) Southeastern Brazil =
jamaicensis/
obscurus? R MZUSP (BDP2095) Amazon Basin =
S MZUSP (BDP2141) Amazon Basin 5
planirostris T MVZ 166533 Eastern versant, south 5

of these also appeared in an individual from Monteseco, and the other haplotype, shared by
three individuals, was also found in three individuals from Hacienda Limoén (Fig. 4). Thus,
bats from San Bartolomé exhibited no unique haplotypes. Identical sequences in 75% of this
sample and 60% of that from Hacienda Lim6n accounts for the very low genetic divergence
between them. On the other hand, three different sequences were found in four individuals
from Monteseco, only one of which was shared, accounting for its high levels of divergence,
Mean divergence within populations of fraterculus is shown in Figure 4b alongside similar
population estimates for other species. Because of the distribution of shared haplotypes (Table
1), sequence divergence among individuals from the Monteseco p0pulau0n is greater than thal
between any pair of fraterculus populations. :









200 MEMORIAS DEL MUSEO DE HISTORIA NATURAL No. 21

The arid Marafién valley appears to have acted as an east-west filter barrier, preventing the
dispersal of forms dependent on mesic forest, but permitting more xeric-adapted taxa to cross
(see also Table 3 in Koopman, 1978). These same taxa are well suited for crossing the arid
passes of the Huancabamba Deflection. Thus, the arid Maraiién valley marks the eastern limits
of the Western Slope biota (see also Chapman, 1926; Haffer, 1967).

ALTERNATIVE BIOGEOGRAPHIC HYPOTHESES

Data from Artibeus provide strong evidence to reject the notion that this species arose from
an Amazonian ancestor during Pleistocene climatic fluxes. Certain other members of this biota
are so distinctive that their relationships, if any, to Amazonian taxa are unclear (e. g., Tomopeas,
Platalina). For these species at least, alternaie biogeographic scenarios must be considered.

An alternative hypothesis compatible with our data is that this species, and many other
elements of the Western Slope biota, originated via Andean orogeny in the Pliocene or carly
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APPENDIX

Voucher specimens (either skins, skulls, and skeletons or alcoholic specimens) for specimens
used in the genetic analyses are listed below. The following museum acronyms are used:
FMNH = Field Museum of Natural History, Chicago; MUSM = Museo de Historia Natural,
Universidad Nacional Mayor de San Marcos, Lima; MZUSP = Museu de Zoologia, Universidade
de Sao Paulo; MVZ = Museum of Vertebrate Zoology, University of California, Berkeley.

Artibeus fimbriatus—BRAZIL: Sdo Paulo; Estacao Biolégica de Boracéia (MZUSP
uncatalogued—SEFC 10, SFC 12).

Artibeus fraterculus—PERU: Depto. Cajamarca; Prov. Celendin, Hacienda Limon, 6720°
(FMNH 129010, 129017, 129022, 129025, 129038). Prov. Santa Cruz, Rio Zafia, 2 km N
Monteseco, 4080" (FMNH 129042, 129061; MUSM 4301, 4328). Depto. Lima, Prov. Huarochiri,
San Bartolomé, 1560 m (FMNH 129699, 129105; MUSM 4887) 1600 m (FMNH 128989),

Artibeus jamaicensis—Brazil: Ronddnia; Cachocira Nazaré, W bank Rio Ji-Paran4, 100 m
(MZUSP uncatalogued—BDP 2065, BDP 2124, BDP 2127). Sao Paulo; Ilha do Cardoso, 10 m
(MZUSP uncatalogued—BDP 2802, BDP 2807); [Iha do Cardoso, Rio Pereque, 300 m upstream
(MZUSP uncatalogued—BDP 2856).

Artibeus lituratus—BRAZIL: RondOnia; Cachoeira Nazaré, W bank Rio Ji-Paran4, 100 m
(MZUSP uncatalogued—BDP 2243). Siio Paulo; 1lha do Cardoso, 10 m (MZUSP uncatalogued—
BDP 2828). PERU: Depto. Amazonas, Prov. Luya, Rio Utcubamba, 15 km (by road) W of
Pedro Ruiz, 3600" (FMNH 129111).

Artibeus jamaicensisiobscurus? BRAZIL: Ronddnia; Cachoeira Nazaré, W bank Rio Ji-
Parand, 100 m (MZUSP uncatalogued—BDP 2095, BDP 2141),

Artibeus planirastris—PERL: Depto. Madre de Dios, Prov. Mand, Rio Alto Madre de Dios
opposite Salvacién, Hacienda Erika, 350 m (MVZ 166533).
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Fig. 2. Ejemplos de distribucion
fragmentada de (reamanes fraseri,
especie ampliamente distribuida que esta
adaptada a bosques de Polylepis. Isla
parece eslar presente en los quetioales de
las dreas sombreadas. El examen de 120
especimenes existentes cn museos mostré
diferencias sutiles en coloracitn o patrén
de plumaje. Se distinguen 15 poblaciones
representadas por simbolos diferentes
(Vuilleumier 1984 y colectas recientes).

més abiertos y arbustivos, y pueden utilizar las copas densas de los 4rboles como refugio
(reposo y anidacién). Entre los especialistas, las trepadoras Oreomanes fraseri y Leptasthenura
xenothorax, se alimentan exclusivamente en las ramas y troncos de Polyiepis, buscando insec-
tos y arafias al pelar la corteza; Anairefes alpinus captura insectos exclusivamente en las copas
densas de Polylepis, Carduelis crassirostris sc alimenta preferentemente de las semillas y flo-
res de Polylepis. Otra especializacién alimentaria es mostrada por Chalcostigma staleyi,
Xenodacnis parina y Poospiza alticolla, que recogen 4fidos y secreciones azucaradas del envés
de las hojas de los arbustos de Gynoxis.

Mientras que las aves de los habitats abicrtos de la puna normalmente bajan a fos valles
adyacentes en periodos con nieve, las aves especialistas permanecen cn los quenoales (Fjeldsa,
1991). Estas aves no parecen ser afectadas por la nieve, aunque en las peores épocas se
trasladan de sus lugares preferidos a los sitios més protegidos dentro de su "isla hébitat”. A
veces 4 ciertas aves adaptadas al Polylepis, sc les puede ver extraviadas en terrenos rocosos con
pocos arbustos de Polylepis o en matorrales de Baccharis, Gynoxis, Miconia o Ribes. Tn
cambio, Leptasthenura xenothorax, Anairetes alpinus y Oreomanes fraseri casi nunca han sido
vistas fuera de los quedioales.

Debido a la escasa movilidad de las aves cspecialistas de Polylepis es posible que la
biogeografia actual de éstas puedan reflejar la historia pasada de su hébitat.

EFECTOS DE LA FRAGMENTACION DEL HABITAT

Un andlisis preliminar de c6mo la avifauna de los quefioales es influenciada por la
fragmentacion del hdbitat es dado por Fjeldsh (en premsa a), y aqui se resume los puntos
principales.



Fig. 3. Ejemplos de distribucién de
tres pares de uloespecies (a,b,c) y
de tres especies con distribucién
aisjunta (d,c,f), donde la escasa
diferenciacion de las poblaciones
indica una fragmentacién reciente,

Los quefioales tienen en general una diversidad de aves considerablemente m4s alta que los
hébitats abiertos que los rodean. T.a mayor diversidad se presenta cn las partes himedas de la
puna que contienen varias manchas de bosques de Polylepis con abundancia de cpifitos. En
tales dreas, quefioales de solo 2-5 ha de extension, y ademdas de barrancos con franjas de
matorral, tienen 35-40 especies de aves cada uno.

Tanto los queficales grandes, dridos y arbustivos, como los pequefios y aislados, pocas
veces tienen mds de 25 especies de aves, En general, el tamafio y el aislamiento de los bosques
parccen ser menos significativos que la calidad del habitat. Las aves especialistas de Polylepis
muestran una capacidad notable para mantener su presencia en las pequefias y aisladas islas de
hébitat, dentro de "océanos” de ichu o de tolares. La baja diversidad de especies de aves en
algunos fragmentos pequefios de bosque, puede deberse al efecto de la menor diversidad de
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hébitats y a la aridificacién que produce una reducida cubierta vegetal. Otro factor parece ser
la invasitn de especies adaptables y méviles que conforman la escasa comunidad de aves de la
modificada estepa que los rodea, Los drboles de Polylepis cultivados cerca de las casas, se
“llenan” con aves que suelcn encontrarse en ambientes antropogénicos (e.g. Troglodytes aedon
y muchos granivoros).

Las aves mds vulnerables al aislamiento y fragmentacién del hébitat son los frugivoros,
Furnéridos trepadores y cofibries especializados, especialmente aquellos con pico recto sea
corto o largo. Por el contrario las especies de pico ligeramente curvado, sobre todo las del
géncro Oreotrochilus, parecen no ser afectadas por la fragmentacién del hébitat.

PROVINCIAS FAUNISTICAS

Distribuciones geograficas de algunas especies adaptadas a Polylepis se muestran en las
Figuras 2 y 3. Mientras la mayoriza de aves de lugares abiertos de los Andes tienen una amplia
distribucidn (excepto en el habitat discontinuo del pdramo del norte del Perd), las aves especia-
listas de los quefioales presentan como regla general una distribucién fragmentada y restringi-
da. La distribucién fragmentada de Oreomanes fraseri (Fig. 2), refleja bien ia distribucién de
su habitat. Otras especies muestran una distribucidn evidentemente relictual, con considerables
vacios que sugieren extinciones locales (ejemplos en Fig. 3).

Mis de 100 mapas de distribucién de aves con mds o menos fuerte afinidad a los bosques
de Polylepis han sido superpuestos para producir mapas sumarios, de los cuales tres ejemplos
se muestran en la Fig. 4. La riqueza total de especies en el Perd (Fig. 4a) alcanza a cerca de 40
por cuadricula (25 x 25 km) en las 4reas uvbicadas entre los limites de los altiplanos y las
vertienles andinas y en algunas cordilleras. Igual riqueza de especies se encuentra en los
péaramos ecuatorianos, especialmente si son incluidas las especies visitantes oportunistas de la
zona de Polylepis. Sin embargo, las especies que cstan estrechamente asociadas a bosques de
Polylepis/Gynoxis habitan casi exclusivamente el Peri y Bolivia (s6lo Chalcostigma stanleyi,
Oreomanes fraseri y Xenodacnis parina extienden sus rangos mas alld del norte del Perd).

; Las especies de distribucién restringida se agrupan en ciertas dreas especificas (Fig. 4b,c).

Otras zonas, como los bosques de los piramos y altiplanos, son habitados s6lo por especies
intrusivas provenientes de los habitats adyacentes o por especies adaptables y de amplia distri-
bucién.

El centro del endemismo en el Perd occidental ¢s complejo. Algunas especies endémicas
tienen su centro en la cabecera del rio Marafion (Cordillera Blanca), y otras en las vertienies
andinas del departamento de Lima. Otras especies habitan ambos subcentros, pero con diferentes
subespecies. Dos especies habitan solamente {a parte sur hasta €l extremo norte de Chile.

La mayorfa de las aves endémicas del centro del Pert habitan las zonas altas en ambos
lados del drido y profundo cafién del rfo Apurimac. Sin embargo, este valle representa una
barrera de dispersién, que separa las subespecies de varias endémicas, ademds de especies con
amplia distribucion. Esta discrepancia indicaria que el centro de dispersién data de épocas en
las cuales las zonas de vegetacién ocupaban una posicién més baja y en que bosques templados
penetraban en las partes altas de los Andes lienando el cafién de! Apurimac.

El centro de Cochabamba en Bolivia tiene, ademés de las especies mencionadas en la
Figura 4b, algunas especies endémicas que habitan lugares abicrios o arbustivos subtropicales.
Otras especies se extienden hacia el sur por la zona pre-Andina hasta Catamarca o mds aiin
hasta Cérdoba en Argentina, con cierta tendencia a la diferenciaci6n de formas surefias y
nortefias,
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LECCIONES ACERCA DE CAMBIOS DINAMICOS

La débil diferenciacién entre poblaciones de ciertas especics con distribucidn disjunta (Figs.
3 y 4¢), indicarfa conecciones faunfsticas recientes. Vacfos en la distribucién se presentan
especialmente cn la zona ubicada entre Ecuador y Pert; y entre la Cordillera Blanca (incluyendo
montafias adyacentes de Hudnuco y Pasco) y las montafias de Apurimac y Cusco. El vacio de
distribucién del Peni central est4 en una zona cuyas cimas alcanzan altitudes moderadas,
interrumpida por valles hondos y 4ridos, y en general con una cubierta de nubes moderada, ain
en su flanco oriental. Esta zona podria tener una capacidad particularmente baja para mantener
poblacioncs de aves adapladas a hdbitats himedos de las grandes alturas, como Anairetes
alpinus, Chalcostigma olivaceum y Leptasthenura yanacensis (Fig. 3).

Numerosas expansiones del rango de distribucin local, fuera de la provincia faunistica
tipica de una especie, ilustran las rutas potenciales de dispersion e intercambio faunistico cn la
zona altoandina. Varias especies de aves de habitats de baja altitud, arbustivos y de matorrales
espinosos, ascienden por los valles bolivianos y por los cerros circundantes a la cuenca de
Cochabamba; algunas de las cuales llegan casi a los limites de la puna. Algunas poblaciones
aisladas de especies de zonas bajas de Cochabamba, estdn diferenciadas como subespecies, 1o
que sugiere que las expansiones ocurridas en el pasado fueron seguidas por periodos de aisla-
miento.

Phacellodomus striaticeps (Fig. 3) habita el matorral espinoso desde el norte de Argentina
hasta La Paz (ssp. striaticeps), en los valles del Cusco y de Apurimac (ssp. griseipectus) y
también en los quefioales de Lampa al oeste del Lago Titicaca (ssp. sin nombre). Este ejemplo
muestra que las aves de matorrales han sido capaces de dispersarsc através del Altiplano entre
los valles de Bolivia y ¢f Pert central.

Los datos de distribucién muestran que algunas aves de la ceja de selva cis-Andina pueden
llegar a las vertientes Pacificas, no solamente cruzando los Andes por la depresion del norte del
Perd, sino también utilizando Jos pasos eatre Hudnuco y el alto Marafién y del norte de Lima.
Unas pocas aves tipicas de la ceja de selva estdn establecidas en los quefloales de las laderas
del Marafién en la cordillera Blanca.

VICARIANCIA DE TAXA HERMANOS

La distribucion extensa y fragmentada de muchas de las aves que habitan bosques 0 mato-
trales altoandinos oculta los acontecimientos de vicariancia del pasado. Sin embargo, existen
suficientes casos con superposicién marginal, o alopatria, que revelan algunos patrones carac-
teristicos de diferenciacién.

De siete especies de aves especialistas de Polylepis con distribuciones amplias, cinco tienen
sus parientes mas cercanos en la ceja de selva, las que se distribuyen a lo largo de la zona cis-
Andina, o principalmente en la parte Pcruano-Boliviana. Superposiciones parciales de rangos
de distribuciGn entre taxa hermanos oscurecen la interpretacién de las otras dos especies.

Las especies endémicas muestran numerosas conecciones fauniticas. Cuatro especies endé-
micas al oeste del Perd, ticnen sus contrapartes m4s cercanos en la himeda vertiente cis-
Andina. El aparente taxon hermano de Zaratornis siressemanni, Doliornis sclateri, habita los
bosques de Junin y Hudnuco en el Perti y de Loja en el Ecuador. También existen cstrechas
relaciones entre los centros de endemismo mostrados en la Figura 4a, asi como entre la avifauna
del Chaco y de los matorrales pre-andinos de Bolivia y Argentina.

Hipétesis filogenéticas especificas sugieren los escenarios siguientes:
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Blanca y Real), pero no se han cncontrado ejemplos de radiacion policotémica. Por eso, los
aislamientos de numerosas poblaciones locales que ocurricron en el pasado, como las mostra-
das en la Figura 2, no fueron de una duracién suficiente como para permitir especiacion alguna
(Vuilleumicr, 1984). Esto sugiere gue la marcada fragmentacién de los bosques altoandinos,
asl como se presentan en la actualidad, no es tipica para explicar la historia biogeografica de la
zona, 0 que poblaciones aisladas en habitats fragmentados no sobrevivieron el tiempo suficien-
te como para dar nuevas lineas filogenéticas.

Algunas aves especialistas a Polylepis muestran un contacto parapétrico o adn una simpatria
marginal con sus taxa hermanos que ocupan altitudes bajas. Sin embargo, la mayoria de estos
taxa hermanos han divergido a nivel de subgénero o género, lo que implica que el contacto
puede haber sido establecido mucho tiempo después de la especiacion,

EU ESCENARIO HISTORICO

Los patrones sugeridos corresponden muy bien con el paradigma de los ciclos Pleistocénicos
de expansién y contraccién de los bosques. "Refugios™ de bosques pleistocénicos pueden ser
reconstruidos a partir de los centros de dispersién de aves que habitan reguiarmente los bosques
de Polylepis, lo que es posible también a partir de las condiciones topograficas de esta dreas
pequeiias.

Ln el Perd, duranic los perfodos glaciares del pleistoceno, la mayoria de 4rcas sobre los
4000 m estuvicron cubicrias por hielo, y las lenguas glaciares descendieron por debajo de los
3000 m. [El clima local puede haber sido favorable en 4reas adyacentes a los glaciares, como
ha sido documentado por Lindroth (1965). Zonas periglaciares con Polylepis pueden haber
estado mejor desarrolladas en las partes més himedas de los Andes (Hansen et al., 1984; van
der Hammen & Cleef, 1986). Sin embargo yo creo, que mientras las poblaciones de aves en
estas dreas tuvieron un contacto con flujo de genes con la ceja de selva adyacente, la mayoria
de especializaciones a Polylepis y las especiaciones ocurrieron en los valles semihimedos que
estuvieron aislados por las crestas de hielo. La parte alta del valle del Marafién fue separado
de la ceja de selva por la moderadamente alta Cordillera Central, pero habria estado influenciada
por la precipitaci6n captada por los picos de la Cordillera Blanca por encima de 6500 m. La
"puerta” donde el Canon del Apurimac corta las partes altas, esti en una sombra de lluvia
parcial "detrds” de la proyeccién norte de la cordillera de Vilcabamba, pero todavia bajo la
influencia de las nubes que envuelven las cumbres de 6000 m de la parte sur de la cordiliera de
Vilcabamba y del nevado Ampay al otro lado del cafién. La cordillera Tunari (5053 m) afsla
parcialmente la cuenca de Cochabamba de las yungas hiimedas, pero durante el pleistoceno una
zona boscosa puede haber bordeado los grandes humedales que existfan en esta cuenca a los
2500 m de alwra. Se podria esperar que bosques de Polylepis se presentaban en valles bien
regados por debajo de glaciares en las dridas vertientes del Pacifico (ver Simpson, 1975),
especialmente en la alta cordillera Occidental del departamento de Lima.

Conocidos refugios Pleistocénicos semicerrados (4ridos) de! Altiplano de Junin (Hansen ef
al., 1984) y del gran altiplano Peruano-Boliviano (Servant & Fontes, 1978), probablemente no
han tenido refugios de bosques. '

Las alternancias de condiciones, como las mostradas en las Figuras 6a y b, tienen gran
"poder explicativo” de los patrones biogeogrificos de la avifauna que habita los quefioales. Sin
embargo, Lynch (1988) advierte contra ¢! uso de hipGtesis incuestionables ¢ invoca seguir
andlisis criticos. Un ensayo propuesto seria, que todos los grupos que muestren ciertos patro-
nes de distribucion siguieran el mismo cladograma de 4rea. Esta prueba no es necesariamente
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{Quebradas Cahuascancha y Rurec cerca de Huantar), en la puna de Runtacocha al suroeste de
Abancay en Apurimac, y al oeste de la ladera que bordea la cucnca de Cochabamba (cerro
Kheflwa Sandra) (Fig. 4b). Las aves registradas en las tres parcclas contienen ¢l 67% de todas
las especies de aves terrestres de las zonas altas del Perd y Bolivia, ¢l 54% de todas las
endémicas y el 67% de todas las cspecices registradas en la lista roja de Collar ef af. (manus.).
Aunque un mfnimo de 25 localidades es necesario para proteger todas las especies de aves de
las zonas altas de Peri y Bolivia, la mayoria de cspecies amenazadas podrian ser protegidas
con solamente tres reservas.

El segundo grupo seleccionado de dreas con por lo menos 30 especies mostré 49% de todas
las aves que se presentan en grandes alturas, 35% de las especies endémicas y solo el 19% de
las especies de la lista roja (valores medios para 15 juegos de tres parcelas). Finalmente, el
grupo control cuyos parcelas fucron tomadas independientemente a la densidad de especies,
mostr6 44% de (odas las aves de altura, 30% de las endémicas y solo 14% de las especies de la
lista roja.

Estos resultados confirman que el andlisis de patrones biogcogrificos fue eficiente como
herramienta para identificar objetivos de conservacion. Yo asumo que estas prioridades son
tambi€n relevantes para la biodiversidad en general, aunque es conocido que tas plantas (y sus
insectos monéfagos) y taxa endémicos muchas veces evolucionaron dentro de formaciones
geologicas demasiados pequefias como para sostener poblaciones de aves endémicas (ver Major,
1988).

(QUE HACE A LOS CENTROS DE ENDEMISMO APROPIADOS PARA
ESTABLECER OBJETIVOS DE CONSERVACION?

La discusién siguiente, aunque especulativa, se basa en teorfas actuales sobre los factores
que influyen en la riqueza de especies y en las adaptaciones bidticas.

La explicacién de la alta diversidad de especies cerca al ecuador en el pasado fue que la
estabilidad ambiental permitirfa la existencia de numerosos nichos ccolégicos (MacArthur,
1969). Lste criterio, sin embargo, no ha explicado los patrones geogrificos actuales de la
diversidad (Ricklefs, 1989). En la actualidad, se tenen evidencias de que una gran riqueza de
especies puede ser sostenida por la heterogeneidad temporal o espacial de un 4rea (e.g., Salo er
al., 1986; y modelo te6rico e.g., Stenseth, 1980).

Se esperaria que las especies de ambientes heterogéneos ¢ inestables podrian desarrollar
amplios nichos ecolGgicos, repuesias oportunistas, conducta dispersiva y alto potencial
reproductivo. De tal forma, que las comunidades ricas en especies podrian mostrar considera-
ble elasticidad ecoldgica. Los paisajes con influencia humana a veces pueden presentar mosaicos
de hibitats con numerosas especics, principalmente de aquellas adaptables y de amplia distri-
buci6n. Por esla razén, el ndmero de especies {per se) puede ser un critcrio inadecuado para la
identificacidn de las prioridades dc conservacion.,

Es implicito en el paradigma de ta especiacion por contracciones de hébitats que alguna vez
fueron de amplia distribucién, que los "refugios” representan centros de estabilidad. Se puede
esperar entonces, que especies endémicas que evolucionaron bajo esas condiciones se volvieron
especialistas a un hébitat particular. En realidad, la mayor parte de la fauna endémica tiene
especies con requerimientos diferentes de hébitats (Cracraft, 1985). La cuenca de Cochabamba
tiene, a parte de las especies mencionadas en la leyenda de la Fig 4b, algunas especies endémi-
cas de hébitats abiertos y otras de hébitats arbustivos subtropicales. Con su topografia comple-
ja de cumbres y valles que capturan humedad, esa 4rea puedc haber tenido un mosaico de
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ESTRATEGIAS NUEVAS PARA LA CONSERVACION
DEL BOSQUE MONTANO

por

ANTONIO BRACK
ECODESC, Oxapampa, Pasco.

RESUMEN

La conservacién de los bosques montanos en ¢l Perii no ha dado los resultados esperados, por un
sesgo muy marcado hacia lo ambiental y las especies en peligro de extincidn, y la faita de integracion de
fos pobladores locales. Se hace necesario un enfoque econdmice, social y ambiental integral. Ademis
del establecimiento de unidades de conservacidn (Parques, Reservas y Santuarios Nacionales) es factible
conservar dreas para servir comeo territorios de uso tradicional de recursos de pueblos indigenas, bosques
de proteccion con fines hidroenergéticos, y fuentes de abastecimiento de agua potable y plantas dtiles.
El ordenamiento del territorio a nivel regional es una necesidad urgente para la conservacién de los
bosques montanos en el Perd.

ABSTRACT

The conservation of montane foresis has not been as successful as hoped for in Peru because of an
overemphasis on environmentalism and endangered species, and because of the lack of local participation.
An integrated economic, social, and environmental approach is needed. In addition to the establishment
of nature reserves or national parks, it is also possible 1o conserve areas such as those used iraditionally
for extraction of resources by indigenous people, forests used for the production of hidroelectric energy,
and those that supply potable water and useful plants. Planification at a regional level is an urgent need
for the conservation of montane forest in Peru,
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Los bosques montanos contienen €l 78% de los recursos hidroenergéticos del pais, especial-
mente en las vertientes orientales andinas. Estos recursos son escasamente aprovechados ¢n la
actualidad, pero serdn de gran importancia cn el futuro desarrollo del pafs, especialmente para
la produccion de energia limpia,

Todos los bosques montanos son de extrema importancia para la proteccion de las cuencas
altas de los rfos. Esic aspecto es crucial para los rfos de la costa norte del pais donde ¢l agua ¢s
de trascendental importancia para la agricultura y el uso urbano.

La seguridad de los pobladores depende en gran parte de los bosques montanos, debido a su
importancia para la conservacién de la infracstructura vial y el agua para la agricultura y los
centros poblados; para el control de los desastres naturales cn forma de aluviones;, y para
diversos pueblos indigenas que dependen de ellos. 'I'al es el caso de los bosques montanos d¢
la provincia de Condorcangui para los aguaruna-huambisas; de los bosques del Yanachaga para
los yaneshas; de los de Ei Sira, Gran Pajonal y Vilcabamba para los ashaninkas.

La importancia econdmica directa ¢ indirecta de los bosques montanos no ha sido adn
calculada en toda su magnitud. Sin embargo la agricultura de 1a costa norte {Piura, Lambayeque,
La Libertad) y de muchos valles interandinos {Jaén, Bagua y otros) depende del agua proveniente
del los bosques montanos de las cuencas altas, Los numerosos rescrvorios de agua (San
Lorenzo, Poechos, Tinajones) dependen a su vez del agua de as cuencas allas y su vida util
también depende de la conservacién de los bosques. En muchas partes la industria maderera
depende de especies propias de los bosques montanos como Pedocarpus (uicumano, diablofuerte,
intimpa), Juglans (nogal), Clusia, entre otros. En diversas zonas estos bosques constituyen una
de las fuentos de cnergfa, en forma de lefia, de los pobladores rurales y de su manejo adecuado
depende el abastecimiento futuro.

SITUACION ACTUAL DE LOS BOSQUES MONTANOS

La situacidén actual de los bosques montanos del Pend es preocupante por la destruccitn
acelerada de gue son objeto y por los escasos resultados obtenidos en su conservacion.

La destruccion de los bosques montanos no es un aspecio reciente.  Ya durante la ¢poca
prehisp4nica han sido ocupadas diversas zonas de bosques montanos y han sido transformados
en 4reas de producci6n agricola, como lo atestiguan los restos de Kuélap (Amazonas), Pajatén
(San Martin) y Machu Picchu (Cusco).

En los tiempos modernos, especialmente a partir del siglo pasado, la intervencién humana
ha sido mds agresiva, especialmente con la construccién de las carreteras (ransandinas de
penetracién hacia la Amazonfa. A lo largo de las vias de comunicacién la destruccion de los
bosques montanos se ha incrementado aceleradamente. En los departamentos de Cajamarca
(Jaén, San Ignacio), Amazonas (Bagua, Condorcanqui, Bongar, Chachapoyas, Rodriguez de
Mendoza), San Martin, Hudnuco, Pasco (Oxapampa), Junin (Satipo, Chanchamayo, Tarma),
Ayacucho (La Mar, Huanta), Apurimac (Abancay), Cusco (La Convenci6n, Calca, Urubamba,
Paucartambo) y Puno (Sandia, Carabaya) la ocupacién humana ha avanzado aceleradamnte
durante los ultimos 50 afios.

Los bosques montanos de las vertientes occidentales del norte han sufrido una destruccion
muy acelerada y hoy quedan s6lo algunos relictos aislados. A pesar de las grandes obras de
jrrigacion en la zona, la proteccién de estos bosques no ha sido integrada al sistema de manejo
de las cuencas. :

Los esfuerzos realizados para la conservacién de dreas representativas de los bosques
montanos no han dado los resultados esperados. Se han establecido Parques Nacionales (Cutervo,
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Tingo Marfa, Rio Abiseo, Huascardn, Yanachaga-Chemillén y Manu), Santuarios Nacionales
(Ampay, Tabaconas-Namballe), Santuarios Histéricos (Machu Picchu), Bosques de Proteccion
(Alto Mayo, Pui-Pui, San Matias-San Carlos), Reservas Comunales (Yanesha) y Bosques Na-
cionales como drcas de tratamiento cspecial, que en su mayor parte no han (enido ni el
financiamicnto suficiente ni una administracion adecuada. Muchas de cstas Areas estan siendo
invadidas y destruidas. Como un ejemplo patético baste mencionar el caso del Parque Nacio-
nal Cutervo, la primera drea protegida del pais, que nunca fue delimitado ¥ cuyos bosques han
sido parcelados y adjudicados por el mismo Ministerio de Agricultura.

NECESIDAD DE NUEVAS ESTRATEGIAS

La conservacion de los bosques montanos en ¢l Perd, como también de otras dreas, no
puede enfocarse s6lo desde un aspecto ambiental, es decir, de proteccién de especies y paisajes.
Una de las causas principales de los fracasos en la conservacion de las 4reas protegidas ha sido,
sin lugar a dudas, el sesgo hacia lo ambiental por lo ambiental, con demasiada insistencia en la
flora y la fauna en peligro de extincicn, sin involucrar los aspectos sociales ¥ econdmicos.

El enfoque actual debe ser mucho mds integral y con consideracion de los im pactos socia-
les, econémicos y ambientales en conjunto, lo que sc puede denominar como un enfoque
ecosocial,

Esta estrategia implica involucrar a la poblacién local y sus necesidades cconémicas prio-
ritarias para usar los recursos en forma sustentable, de manera que la conservacién sea un buen
negocio para ellos y no séio una prohibicién del uso de algo y Ia obligacién de conservarlo sin
ningiin beneficio.

OPCIONES DE USO

Desde este punto de vista Ia conservacion de los bosques montanos debe ofrecer una serie
de opciones de manejo adecuadas a la realidad local y regional integrando 1os intereses de los
diferentes actores usuarios de los recursos que brinda el drea a conservarse. Las principales
opciones, en este sentido, podrian ser;

1.) Area tradicional de uso de recursos para pueblos indigenas aledafios, donde ellos mismos
administran el 4rea y la utilizan cn forma tradicional. De esta forma se garantizarian territorios
para ellos y se protegerfan los bosques montanos. Las dreas més interesanies en cste sentido
son reservas comunales en las cuencas de los rios Cenepa, Santiago, Mayo, Potro y Paranapura
para los aguaruna-huambisas; reserva comunal en Ia Cordillera de El Sira y Gran Pajonal para
los ashaninkas, en las vertientes del Pichis y Ucayali; y reservas comunales en la Cordillera de
Vilcabamba, en las cuencas del Ene, Tambo y Apurimac para los ashaninkas de esa zona.

2.) Bosques de proteccién para fines hidroenergéticos, en coordinacion con las regiones y
las empresas eléctricas nacionales y regionales. El objetivo primordial de estos bosques seria
conservar el recurso hidrico para fines energéticos. Las 4reas mds interesantes al respecto
estarfan en las cuencas altas del rfo Mayo, para San Martin, y otras freas a ubicarse dentro de
los planes regionales de desarrollo energético.

3.) Bosques de proteccion para fines de conservacion de cuencas y abastecimiento de agua
para la agricultura costefia y las cindades en el norie de! pafs, integrando a los grandes proyectos
de irrigacin y a los ususarios del recurso, como los Comites de Regantes, los Distritos de

‘Riego y los Consejos Municipales de las ciudades m4s importantes. Bajo esta opcin se podria
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