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14. La Herpetofauna de los Bosques Temperados

de Sudamérica

J. Ramon Formas

Instituto de Zoologia
Universidad Austral de Chile
Casilla 567

Valdivia, Chile

Los bosques temperados de Sudamérica,
ubicados en el extremo sur de Chile y partes
adyacentes de Argentina, se caracterizan por
tener pocos taxa de anfibios (Vellard, 1957;
Cei, 1962a; Darlington, 1965; Vuilleumier,
196S) v reptiles (Hellmich, 1934, 1937; Do-
noso-Barros, 1960). Estos ambientes boscosos
temperados, aislados en el norte por la estepa
semiarida de Acacia caven y por este por la
estepa fria patagénica, presentan once gen-
eros de anuros, dos de saurios (Liolaemus y
Pristidactylus) v dos de serpientes ( Alsophis
y Tachymenis). Entre los anuros se encuen-
tran muchos endemismos ( Caudiverbera, Tel-
matobufo, Hylorina, Eupsophus, Batrachyla,
Insuetophrynus v Rhinoderma) y solamente
Alsodes, Atelognathus, Pleurodema y Bufo
exceden los limites del bosque. Existe aqui
una familia monotipica (Rhinodermatidae) y
tres géneros con una sola especie (Caudiver-
bera, Hylorina e Insuetophrynus). La may-
oria de los géneros de anfibios poseen dos o
tres especies (Telmatobufo, Batrachyla) vy
solamente los saurios del geénero Liolaemus
son las que presentan la mayor diversificacion
(cinco especies) en el area.

Algunas de las especies existentes en el

bosque temperado austral muestran notables
adaptaciones a este biotopo, las cuales se ob-

servan especialmente durante la reproduccion
v el desarrollo. Entre los anuros, destacan el
cuidado parenteral de Rhinoderma, las pos-
turas en terreno vegetal hiumedo de las espe-
cies de Batrachyla y los renacuajos de los
arroyos de montana de Telmatobufo australis.
La viviparidad aparece como la adaptacion
reproductiva mas frecuente entre los reptiles
( Liolaemus cyanogaster, L. pictus v Tachy-
menis chilensis).
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Desde el punto de vista historico, algunos
anuros (Caudiverbera vy Eupsophus) tienen
una antigiiedad que se remonta hasta el Ter-
ciario (Shaeffer, 1949).

Los endemismos, la pobreza de especies,
la escasa diversificacion de los generos, las
adaptaciones reproductivas y la antigiiedad
de algunos taxa, han sugerido diversas inter-
pretaciones sobre el origen de los batracios
en el bosque temperado sudamericano. Dar-
lington (1965) considera a esta batracotauna
como empobrecida y derivada de otras de
amplia distribucion en Sudameérica. Vellard
(1957), Cei (1962a) y Vuilleumier (1968)
proponen que la fauna de batracios australes
esta compuesta por géneros endémicos de
probable origen Terciario y otros secundaria-
mente emigrados a la region. Para los rep-
tiles, Donoso-Barros (1966) postula géneros
de origen septentrional ( Liolaemus) y relictos
de las selvas del Terciario ( Pristidactylus).

En base a los antecedentes ecologicos e
historicos de la region y de la sistematica,
ecologia v distribucion de la herpetofauna se
propone una hipotesis acerca del origen de
los anfibios y reptiles que habitan los bosques
temperados de Sudamerica.

CARACTERISTICAS DEL AREA

Los bosques temperados de Sudameérica
se ubican especialmente al suroeste de la
Cordillera de los Andes ocupando una franja
de territorio chileno comprendida entre los
37° y 55°S de latitud sur (Cerceau-Larrival,
1965 ). Entre los paralelos 35 v 37, el bosque
se desplaza levemente hacia el oriente pene-
trando en Argentina. Desde el punto de vista
ecologico, estos biotopos boscosos estan ais-



342 MONOGRAPH MUSEUM OF NATURAL HISTORY

lados del resto del continente sudamericano
por estepas aridas o semiaridas. En el Valle
Central chileno, al norte del paralelo 37, existe
una estepa de marcadas condiciones xero-
fiticas en la cual predominan los matorrales
de Acacia caven (Papilonaceae) (Mann,
1960). Este ambiente semiarido es una zona
de transicion entre los desiertos costeros de
Sudamérica y los bosques temperados aus-
trales. Por el oriente, los biotopos boscosos
limitan con la estepa fria de la Patagonia.
Alli predominan las asociaciones de gra-
mineas (Stipa, Poa), compuestas (Chuqui-
raga, Collicuaja) y matorrales con plantas
del género Trevoa (Rhamnaceae) (Solbrig,
1976). En la figura 14:1 se muestra la ubica-
cion del bosque temperado en el continente
sudamericano vy los biotopos que lo circundan.

En el sur de Chile existen tres caracteres
fisiograficos: la Cordillera de los Andes, la
Cordillera de la Costa y el Valle Central.
Estos dos ultimos caracteres se aprecian mar-
cadamente hasta el paralelo 41; desde alli al
sur tienden a desaparecer siendo reempla-
zados por una intrincada geografia compuesta
de islas, archipiélagos, peninsulas y fiordos
(Region de los Canales). En la figura 14:2
se indican las caracteristicas fisiogrificas del
area cubierta por los bosques australes tem-
perados en el sur de Chile.

El factor mas relevante de los Andes de
esta region, es el vulcanismo extrusivo del
Cuaternario (Bruggen, 1950) y las alturas
aqui predominantes son los volcanes. Estos
nunca bajan de los 2000 m v en algunos casos
sobrepasan los 3000 m. Al sur del paralelo
37, limite norte de los bosques temperados, la
altura de la Cordillera de los Andes decrece
en relacion con los sectores del centro y norte
de Chile. Es asi que en esas areas, alcanza
alturas promedios de 5000 m mientras que
en el sur nunca sube de los 3000 m. Entre
los paralelos 37 y 42 la actividad volcinica
cuaternaria origind rocas igneas tales como
basaltos, andesitas basalticas.
Tambien se pueden encontrar alli rocas sedi-

andesitas vy

mentarias correspondientes al Terciario vy
Cretacico continental, Jurasico Triasico vy
Paleozoico (Fuenzalida, 1965a; Munoz Cris-

ti, 1973). Al sur del paralelo 42 predominan

NO. 7
76 72 68
| I 1 Vi |

Estepa de
Acacia caven

Fic. 14:1. Ubicacion del bosque temperado (ne-
rre) y biotopos que lo circundan.

Map of the temperate austral forests (black) and
neighboring biotopes.
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Fic. 14:2. Caracteres fisiogrdificos del
area cubierta por los bosques australes de
Sudamérica.

Physiography of the area covered by
the austral forest of South America.

granitos, dioritas y granidioritas las cuales se
originaron a traves del vulcanismo intrusivo
(Ruiz et al., 1965). La accién de los hielos
ha sido un factor muy importante en el mo-
delado del macizo andino de esta regiom. Hoy
existen gran cantidad de glaciares, los cuales
en la mayoria de los casos no salen de la
Cordillera de los Andes, pero al sur de los
45°S algunos llegan hasta el nivel del mar
(San Rafael; 46°40'S) (Lliboutry, 1956).
Fuera de los glaciares existen dos grandes
masas de hielo continental depositadas en la
Cordillera de los Andes de las provincias de
Aysen y Magallanes. La primera de ellas se
ubica en los 47°S y la segunda de mayor
longitud cubre una distancia comprendida
entre los 48°10" y los 52°30’S (Lliboutry,
1956).

El Valle Central, ubicado entre la Cor-
dillera de los Andes y la Cordillera de la
Costa, es un rasgo fisiogrifico del centro y sur
de Chile. Esta larga depresién ubicada entre
los 37° y 42°S tiene origen tecténico y se
formé durante el Plioceno (Briiggen, 1950).
La superficie de este gran valle longitudinal,
que no alcanza mas de 250 m de altura y 90
kms de ancho promedio, ha sido rellenada
por depdsitos de origen glaciar, fluvial y la-
custre (Briiggen, 1950; Fuenzalida, 1965a).
El Valle Central llega por el sur hasta el
paralelo 41, alli se hunde en el mar para
aparecer nuevamente en todo el sector occi-
dental de la Isla de Chiloé. Hacia el sur de
esta isla, desaparece definitivamente bajo el
oceano en la region del Archipiélago de los
Chonos.

La Cordillera de la Costa es un caricter
fisiografico que se encuentra solamente en
el territorio de Chile. En la regién de los
bosques temperados, este macizo costero ti-
ende a presentarse fragmentado no alcan-
zando alturas superiores a los 1500 m (Cor-
dillera de Nahuelbuta). Al sur de la ciudad
de Valdivia (40°S) la cordillera costera se
levanta sobre los 1000 m y constituye alli la
llamada Cordillera Pelada que envia sus cor-
dones hasta la ciudad de Maullin (41°30'S).
Desde alli hacia el sur desaparece bajo el
Canal de Chacao para reaparecer en la Isla
de Chiloé. El macizo costero desaparece al
sur de esta gran isla, pero sus 1iltimos restos
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Tasra 14:1 —Temperatura Media, Humedad Relativa v Precipitaciones de Diferentes Puntos del sur de Chile

( segun Hajek v Di Castri, 1975).

Temperatura Humedad Precipita-

Media Relativa ciones

Lugar Ubicacion B o i

Punta Lavapie . ___ 37°08'S-37°35'W 13.3 82 — 8039

Contwlmo' - ... - . . 3RS F3"I0W 12.6 82 1896.0
Valdbwig: —ocwo e e one v SO048S T3 14NN 11.9 83 2348.7
Pto. Montt _ —— == = 4]1°28'5=-72°5T'W 1 i e 85 2341.8
BT o SN S I - 1122 Pl b b 11.6 82 1598.5
Mebnla . oo o0 o - - 4RSS RRVIRONY 10.0 o 31317
Pto. Aysén ... - 45°24'S=T2°42'W 9.0 86 2940.0
Sann Pedrey oo .o . .. 47°43'5_74°55'W 8.2 91 41266.3
Bl Badme o o e 49°08'5-T4°25'W T2 54 2343.1
San Isidro _ 53°47'5-T0°58'W 5.9 81 848.5
Mavarno: oo - ... SRUIES-RTcsW 5.9 54 540.8

se aprecian con claridad en la peninsula de
Taitao (46°30'S). Las rocas metamorficas
constituyen parte importante de la Cordillera
de la Costa y es asi que se encuentran mica-
citas, cuarcitas y filitas ( Mimoz Cristi, 1973).

Toda la region de los bosques temperados
esta atravesada por rios medianos de caracter
exorreico, que se originan en el derretimiento
de las nieves de los Andes (Bio-Bio, Toltén,
Imperial) o tienen un regimen mixto (nieve
y lluvia). Dentro de este ultimo tipo se en-
cuentran las hovas de los rios Valdivia, Bueno
y Maullin, que incluyen en su recorrido la
entrada y salida por grandes sistemas lacus-
tres ( Fuenzalida, 1965b).

Fuera de los rios, existe un gran sistema
de lagos entre los paralelos 39 y 41. La
mayoria de ellos son de tipo oligotrofico
( Thomasson, 1963) v en muchos casos ocupan
cuencas excavadas por los glaciares ( Arenas,
1972). Este autor cita la presencia de morre-
nas terminales en los sectores occidentales de
los lagos Calatquén, Rinithue y Panguipulli.
Cinturones morrénicos han sido descritos para
el lago Llanquihue ( Briggen, 1950) vy Ranco
(Mercer v Laugenie, 1973). El mayor de los
lagos de esta region es el Llanquihue (Pro-
vincia de Llanquihue) con 351 km?® de super-
ficie y uno de los menores es el Caburga ( Pro-
vincia de Cautin) con 53 km?®* (ENDESA,
1972). Algunos de estos cuerpos de agua son
muy profundos y Arenas (1972) detectd 320
metros para el lago Rinihue (Provincia de
Valdivia).

El clima de la region cubierta por los
bosques temperados se caracteriza por ser frio

v himedo. En la Tabla 14:1 se muestran las
caracteristicas climaticas de diferentes puntos
del sur de Chile. En general se observa un
decremento de la temperatura en direccion al
sur v un aumento de las precipitaciones en el
mismo sentido. La region de los bosques
australes sudamericanos es azotada por fuer-
tes tormentas las cuales son muy frecuentes en
invierno. lLos vientos frios y huamedos del
oeste, originados en el anticiclon del Pacifico
(35°S; 100°W ), son los causantes de la lluvia
y la humedad del sur de Chile (Fuenzalida,
1965¢). La influencia de algunos caracteres
fisiograficos locales especialmente la Cordil-
lera de la Costa, determinan en el Valle Cen-
tral algunas condiciones de mediterraneidad.
Por otro lado, no se debe olvidar que ningun
lugar del sur de Chile se encuentra muy lejos
del mar v que por lo tanto el océano tiene in-
fluencia en el clima. Di Castri (1968) indica
que el sur de Chile tiene un clima con influ-
encia mediterranea y maritima. Fuenzalida
(1965¢ ) usando el sistema de Koppen (194S)
divide el sur de Chile en diferentes zonas
climaticas templadas. En el Valle Central se
presenta un clima templado de verano seco
y corta estacion de sequia (Csb.), que se
extiende entre los paralelos 35 y 39. Al sur
de este punto, v en el mismo Valle Central,
hay un clima templado himedo de verano
fresco v tendencia a seco (Cfsb) que se ex-
tiende hasta el paralelo 42. Toda la zona
costera comprendida entre Concepcion y la
Isla de Chiloé se caracteriza por tener un
clima templado himedo de wverano fresco
(Cfb). Estas condiciones climaticas se ex-
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tienden a Chiloé continental, archipiélago de
los Chonos y Peninsula de Taitao. Al sur del
golfo de Penas (47°S) y en toda la regién de
los canales, hasta el paralelo 53, existe una
zona de clima templado humedo de verano
fresco o frio (Cfe).

Los bosques temperados del sur de Chile,
que cubren toda el irea anteriormente de-
scrita, se caracterizan por tener rasgos higro-
morficos. Estos se acentian a partir del pa-
ralelo 38 y alcanzan un mdaximo desarrollo en
los 45°S. Desde alli hacia el sur, hay una
marcada tendencia al xeromorfismo debido a
las bajas temperaturas y a los vientos pre-
dominantes del oeste. Los bosques australes
son densos, siempre verdes y alcanzan alturas
que superan los 40 m. En ¢l, hay varios estra-
tos vegetacionales con un tupido sotobosque
y un piso rico en vegetacion. En este bosque
es posible encontrar arbustos con hojas an-
chas, ya sea de tipo magnolia (Drimys) o
laurel (Laurelia). Los troncos de los grandes
arboles estin cubiertos de enredaderas, mus-
gos, helechos y liquenes. La abundancia de
vegetacion determina que la obscuridad sea
un caracter predominante dentro del bosque.

La flora del bosque austral tiene varias
especies endémicas entre las cuales destacan
los arboles del género Nothofagus (Faga-
ceae). Es frecuente también encontrar taxa
monotipicos, ya sea a nivel familiar o gené-
rico. Entre los primeros destaca la familia
Aextocicaceae (Aextoxicum punctatus) y en-
tre los segundos los géneros Guevina (Pro-
teaceae), Tepualia (Mirtaceae), Fitzroya
(Cupressaceae) v Myzodemdrum ( Myzoden-
draceae). Floristicamente los bosques tem-
perados de Sudamérica tienen un origen
doble: austral y tropical (Reiche., 1937;
Menendez, 1969). Como tipicos elementos
australes destacan Nothofagus, Fitzroya vy
Araucaria y como componentes tropicales
Drimys, Fuchsia y Chusquea.

A pesar que el bosque austral sudameri-
cano muestra cierto grado de uniformidad, es
posible encontrar ciertas variaciones locales.
Entre ellas, la mas notable es el llamado
“Bosque Valdiviano,” el cual representa la
region mas caracteristica de los bosques aus-
trales. Aqui se da una breve descripcion de
¢l en base a los trabajos de Reiche (1934),

Pisano (1956), Oberdorfer (1960), Fuenza-
lida (1965d) y Quintanilla (1974).

El bosque valdiviano comienza en la Cor-
dillera de los Andes a partir del paralelo 39,
en la Cordillera de la Costa en el paralelo 40
y en el Valle Central en el paralelo 41. El
limite sur no estd claramente definido, pero
se le puede situar entre los paralelos 43 y 44.
En este bosque la humedad relativa es muy
alta (84%) y la temperatura promedio anual
es de 10.5°C. El verano es medianamente
calido y las lluvias tienen una distribucion
homogénea a través de todo el ano. La pluvi-
osidad anual fluctia entre los 2000 y 2500 mm.
La abundancia de precipitaciones, la existen-
cia de suelos bien drenados con una capa
freatica protunda, la gran humedad vy la alta
temperatura en verano, permiten el desarrollo
de un bosque rico en especies. Los troncos
de los arboles estin cubiertos por liquenes
(Usnea), musgos epifitos, enredaderas (Sar-
mentia y Luzuriaga) y lianas ( Hydrangea y
Cissus). Aqui existe un sotobosque denso en
el cual hay bambues (Chusquea quila), ar-
bustos ( Lomatia, Fuchsia) y helechos ( Blech-
num, Lophosoria). El piso del bosque es
rico en liquenes y helechos ( Dryopteris, Adi-
antum). Tres son los arboles mas caracter-
isticos del bosque valdiviano: Nothofagus
dombeyi, Eucryphia cordifolia v Aextoxicum
punctatus. Otras especies importantes son
aqui las coniferas, entre las cuales se pueden
citar a Fitzroya, Saxogotea, Podocarpus y Pil-
gerodendron. Fitzroya cupressoides es el mas
alto do los arboles chilenos y alcanza alturas
sobre los 55 m. Su diametro puede alcanzar a
los 5 m y se la han calculado edades sobre
los 2000 anos. Entre las especies secundarias
se encuentran Laurelia serrata, Drimys win-
teri, Weismania trichosperma y Persea lingue.

Al norte del bosque valdiviano existe un
bosque caducifolio en el cual destacan como
especies mas relevantes Nothofagus obliqua
v Guevina avellano. En la cordillera de Na-
huelbuta (Cordillera de la Costa) y en los
Andes, entre los paralelos 37 y 40, se desarro-
llan bosques de Araucaria araucana. Estas
formaciones boscosas, ubicadas entre los 1300
y 2000 m, presentan tambien Nothofagus pu-
milio y Nothofagus antarctica.

Al sur del bosque valdiviano hay una selva
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norpatagonica que se extiende hasta el para-
lelo 48. Alli destacan como arboles mas im-
portantes Podocarpus salignus y Pilgeroden-
dron uviferum. Al oeste de estas formaciones
boscosas hay pantanos, los cuales se ubican
especialmente en las islas. Aqui hay Perneth-
ya (Ericaceae), Gleichnia (Pteridofita), pero
también Nothofagus betuloides y Nothofagus
antarctica.

HISTORIA DEL AREA

El Terciario sudamericano se caracteriza
especialmente por el levantamiento de la Cor-
dillera de los Andes. En ¢l Cretacico Superior
se hicieron sentir, en el oeste del continente,
los primeros movimientos orogeénicos del lla-
mado ciclo Andino (Harrington, 1962) que
originaron las diversas partes de la Cordillera
de los Andes. Durante el Eoceno, se aprecia
un aceleramiento de los procesos orogenéticos
que alcanzan gran desarrollo en el Mioceno;
seguidos en el Plioceno de movimientos que
dieron origen a la forma actual del macizo

andino (Harrington, 1962; Hafter, 1970).

Al término del Terciario Inferior (Eo-
ceno ), v posiblemente en el Oligoceno, el ter-
ritorio de Chile fue un area inestable. Du-
rante el Oligoceno se produjeron procesos de
deformacion v plegamiento en varias regiones
del pais, al final de las cuales el territorio
adquirié las caracteristicas de una region
estable, en el que aparecieron sistemas de
montanas de poco relieve (Fuenzalida,
1965a). Durante el Mioceno hubo una gran
transgresion marina que cubrio extensas areas
del sur de Chile (Cecioni, 1970). A fines del
Plioceno o comienzos de la época siguiente,
Pleistoceno, el territorio chileno tue protunda-
mente modificado por un fuerte tectonismo.
Este trajo como consecuencia el levantami-
ento de la Cordillera de los Andes, de la
Cordillera de la Costa y la formacion del
Valle Central (Briiggen, 1950; Fuenzalida,
1965a). Durante el Pleistoceno, ocurrieron
en el extremo sur de Sudamérica fuertes pro-
cesos glaciares (Vuilleumier, 1971). La inva-
sion de estas masas de hielo trajo como con-
secuencia fuertes modificaciones en el clima y
en la fisiogratia. Las islas, archipiélagos y

NO. 7

fiordos de la region de los canales, se forma-
ron en gran medida por la accion del hielo
glaciar (Bruggen, 1950; Fuenzalida, 1965a).

Los bosques australes sudamericanos, con
sus elementos tipicos ( Nothofagus, Araucaria
v Laurelia), han existido desde el Terciario
( Jeannelle, 1967; Cerceau-Larrival, 1968) y se
acepta que tuvieron una distribucion gond-
wanica (Couper, 1960). En el extremo sur
de Sudamérica alcanzaron un rango de exten-
sion mucho mas amplio que el que tienen hoy,
llegzando hasta la actual Patagonia (Menén-
dez, 1969). Durante el Eoceno muchos de los
elementos de la flora tropical penetraron hacia
el sur y aparecen en los estratos fosiliferos de
Rio Turbio, Argentina, mezclados con ele-
mentos australes (Menéndez, 1969). Aqui
las capas mas inferiores muestran elementos
tipicamente surenos ( Nothofagus) los cuales
son reemplazados en los estratos superiores
por elementos tropicales (Persea, Psidun).
LLa coexistencia de una flora austral con una
flora tropical se explica debido a que estos
ultimos elementos ocupaban las partes bajas
(valles) y los australes las partes superiores
de las montanas (Briiggen, 1950; Menéndez,
1969). Durante el Mioceno y Oligoceno la
flora tropical retrocedio hacia el norte y simul-
taneamente se produjo un avance de la flora
austral en la misma direccion, hasta los limites
actuales del bosque temperado (Solbrig, 1976;
Menéndez, 1969).

La extincion de los bosques australes en
la actual Patagonia se debe, en gran medida,
al efecto que causo la Cordillera de los Andes
al impedir la pasada de los vientos frios y
humedos del oeste. Durante el Paleoceno vy
el Eoceno el macizo andino estaba poco le-
vantado v los vientos del Pacifico llegaban
hasta los sectores orientales del extremo sud-
americano. Durante el Oligoceno la barrera
de los Andes lleg6 a ser un obsticulo para
ellos, los cuales se vieron definitivamente fre-
nados en el Mioceno. Al no haber lluvias ni
humedad en el sector oriental del macizo
andino, las formaciones boscosas desaparecie-
ron, dando origen a la estepa semiarida pata-
gonica (Solbrig, 1976). Fuera de los cambios
del relieve v la vegetacion ocurrieron varia-
ciones simultaneas en las condiciones clima-
ticas que afectaron el extremo austral de Sud-



1979 FORMAS: HERPETOFAUNA DE BOSQUES TEMPERADOS 347

américa. Durante el Paleoceno el clima del
continente fue mas calido que hoy (Solbrig,
1976) v después del Eoceno se aprecia un
gradual enfriamiento y desecacion ( Axelrod
y Bailey, 1969; Wolfe, 1971) el cual culmina
en el Pleistoceno durante las etapas glaciares.

Fuera de los cambios anteriormente re-
feridos, es posible que la transgresion marina
del Mioceno y las glaciaciones del Pleistoceno
hayan afectado la distribucion de la herpeto-
fauna austral. La entrada miocénica del mar,
afectd el sur de Chile entre los paralelos 37
y 41 (Briiggen, 1950; Cecioni, 1970; Illies,
1970; Auboin et al., 1973). Los estratos pro-
ducidos por esta invasion del mar se encuen-
tran en la region de Santiago (Navidad) vy
hacia el sur, en las areas de Concepcion
(Ranquil); Temuco (Pilmahue); Osorno
(Cheuqueno) vy Chiloé. Segiin  Briiggen
(1950), en estos estratos hay areniscas ar-
cillosas de grano fino v color gris claro que
se distinguen por tener una abundancia de
fosiles marinos. Illies (1970) indica que la
transgresion marina tuvo baja profundidad v
que como consecuencia de ella se produjeron
una gran cantidad de islas y bahias que
semejan los archipiélagos e islas de la costa
del extremo sur occidental de Sudamérica.

Durante el Pleistoceno el hielo ocupd en
el sur de Chile una amplia extension cubri-
endo el area comprendida entre los 41° vy
55°S (Vuilleumier, 1971). Sin embargo
Briigggen (1948) para explicar la expansion
del bosque de Nothofagus, al sur de paralelo
41, en la época post-glacial, propone que du-
rante los periodos glaciales quedaron refugios
boscosos en los faldeos de la costa del Pacifico
sobre los glaciares. Condiciones parecidas a
las supuestas por Briiggen se encuentran hoy
en el glaciar de San Rafael. Aqui se sucedi-
eron tres o cuatro glaciaciones (Briiggen,
1948: 1950: Auer, 1960: Vuilleumier, 1971,
Simpson; este volumen) que penetraron en el
Valle Central hasta la latitud de la ciundad de
Santiago ( Bruggen, 1950). Este autor ha de-
scrito sistemas de morrenas terminales cerca
del Rio Maipo, al sur de Santiago (33°30'S),
al norte de Curicdé (35°S) vy en la vecindad
de Puerto Montt (40°30'S).

La presencia de morrenas en el Valle Cen-
tral v en el sector oriental de la Cordillera

de la Costa hacen presumir que las pendientes
occidentales de este macizo costero no tu-
vieron influencia glaciar. Heusser (1966) e
Illies (1970) indican que la Cordillera de la
Costa permanecio tuera de la accion de estas
masas de hielo.

COMPOSICION DE LA HERPETOFAUNA

La herpetofauna de los bosques australes
esta compuesta de 28 especies, 20 de las
cuales (71.4%) son anuros, seis son saurios
(21.4%) vy dos serpientes (7.1%). Los anuros
(sapos v ranas) pertenecen a tres familia
distintas:  Bufonidae, Leptodactylidae v
Rhinodermatidae. Las serpientes pertenecen
a la familia Colubridae y los saurios se ubi-
can en la familia Iguanidae. En la Tabla
14:2 se muestra la composicion herpetotaun-
istica de los bosques temperados de Sud-
america.

DISTRIBUCION DE LA
HERPETOFAUNA

[.a herpetofauna de los bosques tempera-
dos sudamericanos presenta patrones de dis-
tribucion caracteristicos. Al norte del para-
lelo 44 existe la mayor concentracion de gén-
eros de anfibios y reptiles, los cuales a partir
de esta latitud comienzan a disminuir grad-
ualmente hacia el sur. La figura 14:3 muestra
los patrones de distribucion genérica de los
anfibios y reptiles del bosque austral.

En la region costera del area comprendida
entre los 39°30'S y los 40°20'S existe la mayor
concentracion de géneros de anuros. La zona
con menor concentracion de anfibios es la
que se encuentra al sur del paralelo 50; lle-
gando hasta alli solamente los anuros del
genero Bufo.

Algunos de las especies de anfibios pre-
sentes en el bosque tienen amplia distribucion
en €¢l. Dentro de esta categoria se pueden in-
cluir a Rhinoderma darwinii, Batrachyla lep-
topus, Batrachyla taeniata, Eupsophus roseus,
Eupsophus vittatus, Caudiverbera caudiver-
bera y Pleurodema thaul. Otras especies ocu-
pan rangos medianos ( Hylorina sylvatica, Al-
sodes monticola, Bufo variegatus, Bufo rubro-
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Tasra 14:2.—Composicion de la Herpetofauna del Bosque Temperado de Sudamérica.

NO. 7

Familia Generos

Especie y Subespecie

Leptodactylidae Alsodes

Atelognathus

Batrachyla

Caudiverbera

Eupsophus

Insuetophrynus

Pleurodema
Telmatobufo
Rhinodermatidae Rhinoderma

Bufonidae Bufo

Iguanidae Liolaemus

Fristidactylus

Colubridae Alsophis

Tachymenis

monticola

grandisonae
antartandica

leptopus

taeniata

caudiverbera

roseus

vanzolinii

vittatus (= E. vertebralis)
migueli

acarpicus

thaul

australis

venustus (= T. bullocki)
darwinii

rufum

chilensis

rubropunctatus
varicgatus

chilensis

cyanogaster cyanogaster
cyanogaster brattstroemi
monticola villaricensis
pictus pictus

pictus chiloensis

pictus major

pictus talcanensis

tenuis tenuis

tenuis punctatissimus
torquatus ( = Cupriguanus)
chamissonis

chilensis (= T. peruviana)

punctatus, Batrachyla antartandica, Rhinoder-
ma rufum y Bufo chilensis) y unas pocas estan
restringidas a ambitos muy pequenos (Ate-
lognathus grandisonae, Insuetophrynus acar-
picus, Telmatobufo australis, Telmatobufo
venustus, Eupsophus vanzolinii y Eupmphus
migueli). Las figuras 14:4-10 muestran los
rangos de distribucion de todas las especies
de anuros presentes en el bosque temperado.

Areas de simpatria han sido encontradas
para algunas especies de batracios. Rhino-
derma darwinii y Rhinoderma rufum super-
ponen su distribucion en Chiguayante ( Pro-
vincia de Concepcion) (Formas et al., 1975).
Silva et al. (1968) encontraron poblaciones
simpatricas de Bufo variegatus y Bufo rubro-
punctatus en la Cordillera de los Andes de la
Provincia de Llanquihue. Batrachyla lepto-
pus y Batrachyla antartandica tienen pobla-
ciones que se superponen en el cerro Mirador
(Cordillera Pelada, Provincia de Valdivia),
Puerto Blest v Lago Frias (Nahuel Huapi,

Argentina ) vy en E]l Correntoso ( Puerto Montt,
Chile) (Barrio, 1967a). Batrachyla taeniata
y Batrachyla leptopus viven en condiciones
de simpatria en los alrededores de la ciudad
de Valdivia. Eupsophus vittatus y Eupsophus
roseus son simpatricas en un area muy amplia
que cubre todo el rango de distribucion de
Eupsophus vittatus.

Las figuras 14:11-15 muestran los rangos
distribucionales de los reptiles del bosque
temperado de Sudamérica. Pristidactylus tor-
quatus alcanza alturas que fluctian entre los
50 m (Catamutin, Provincia de Valdivia) y
los 1400 m (Cordillera de Nahuelbuta). Lio-
laemus monticola villaricensis tiene rangos
de distribucion altitudinal que fluctua entre
los 1000 m y los 1400 m (Hellmich, 1950).
Liolaemus chilensis ha sido colectada en al-
turas que varian entre los 100 m y 1200 m
(Hellmich, 1950). Liolaemus pictus se ubica
entre los 100 m y 800 m; mientras que Lio-
laemus cyanogaster lo hace entre los 10 m y
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Fic. 14:3. Patrones de distribucion latitudinal de los géneros de anfibios y reptiles. Las dreas en blanco
(11) corresponden a hielo continental o regiones carentes de anfibios o reptiles. Los numeros indican la den-

sidad genérica.

Latitudinal patterns of distribution of the genera of amphibians and reptiles. The white areas (11) repre-
sent ice-covered areas or areas free of amphibians or reptiles. The numbers indicate the generic density.

320 m. Ambas especies son simpatricas en
una amplia area. Liolaemus pictus presenta
tres subespecies (L. p. chiloensis, L. p. major
v L. p. talcanensis) que se distribuyen en el
archipi¢lago de Chiloé ( Donoso-Barros, 1966;
Urbina y Zuniga, 1977). Liolaemus cyano-

gaster tiene una subespecie (L. c¢. bratt-
stroemi) que se distribuye en la Isla Grande
de Chiloé (Donoso-Barros, 1966). Liolaemus
tenuis ocupa alturas que van desde el nivel
del mar hasta los 1000 m y en la region co-
stera es reemplazada por una subespecie, la
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Fic. 14:4. Patron distribucional de las especies
de Telmatobufo y Caudiverbera caudiverbera en el
sur de Chile.

Distribution pattern of Telmatobufo and Caudi-
verbera caudiverbera in southern Chile.

cual Donoso-Barros (1966) llama Liolaemus
tenuis punctatissimus.

Tachymenis chilensis esta desde el nivel
del mar hasta los valles de la Cordillera de los
Andes (Hellmich, 1937). Alsophis chamis-
sonis ocupa el Valle Central y puede ascender
en la Cordillera de los Andes hasta los 1500 m
de altura.

Desde el comienzo del bosque temperado,
en el paralelo 37, estan presentes los cuatro
generos de reptiles existentes en el area, los
cuales llegan juntos hasta el paralelo 40. Los
saurios del género Liolaemus son las que
alcanzan el limite mas austral de distribucion,
ya que en esta area penetran hasta el para-
lelo 45. Es posible que la gradiente de dis-
minucion térmica que existe en direccion
norte-sur, la cual se muestra en la Tabla 14:1,
sea la responsable de este patron distribu-
cional que afecta tanto a anfibios como a
reptiles.
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Fic. 14:5. Patron de distribucion de las especies
del genero Eupsophus en el sur de Chile.

Distribution pattern of the species of Eupsophus
in southern Chile.

Altitudinalmente los anfibios llegan hasta
los 1000 m; sin embargo Pleurodema thaul,
Bufo variegatus v Bufo chilensis pueden al-
canzar hasta los 2000 m. Es posible también
que la temperatura sea un factor limitante en
la distribucion altitudinal de los anfibios.
La figura 14:16 muestra el patrén de distribu-
cion altitudinal de los anfibios del bosque
temperado.
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Fic. 14:6. Patrones de distribucion de las espe-
cies de los géneros Rhinoderma y Insuetophrynus en
el sur de Chile.

Distribution patterns of species of Rhinoderma
and Insuetophrynus in southern Chile.

ECOLOGIA DE LA HERPETOFAUNA

La mayoria de las especies de anuros vive
en el piso del bosque, ya sea entre la vegeta-
cion ( Rhinoderma, Batrachyla), la hojarasca
( Eupsophus) y bajo troncos en descomposi-
cion o piedras ( Bufo, Alsodes). Telmatobufo
e Insuetophrynus estia asociados a ambientes
acuaticos de tipo lotico mientras Caudiver-
bera esta en cuerpos de agua de tipo léntico.
A pesar de la abundante vegetacion que
existe en el bosque austral no hay especies
arboreas; sin embargo en forma ocasional se
han encontrado a algunos individuos de Hy-
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Fic. 14:7. Patrones de distribucion de Hylorina
sylvatica y Alsodes monticola en el sur de Chile.
Distribution patterns of Hylorina sylvatica and

Alsodes monticola in southern Chile.

lorina sylvatica y Batrachyla leptopus ( Busse,
1971) sobre ramas o troncos. Pleurodema
thaul vive bajo troncos o piedras y tambieén
en lugares con fuerte intervencion humana.

LLa mayoria de los saurios del género Lio-
laemus tiene habitos trepadores y se encuen-
tran especialmente en los arbustos del soto-
bosque ( Liolaemus pictus, Liolaemus cyano-
gaster, Liolaemus chilensis v Liolaemus ten-
uis). Liolaemus monticola villaricensis vive
preferentement en las rocas y campos de lava
de la Cordillera de los Andes (Hellmich,
1934). Pristidactylus torquatus es segun
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Fic. 14:8. Patrones de distribucion del género
Batrachvla en el sur de Chile.

Distribution patterns of Batrachyla in southern
Chile.

Donoso-Barros (1966) un lagarto que trepa
en los troncos de los arboles del género No-
thofagus. Alsophis chamissonis y Tachymenis
chilensis son dos serpientes que viven en los
lugares mas secos del bosque; sin embargo
la ultima especie puede también ser encon-
trada en lugares con mucha humedad.

No existen antecedentes suficientes para
trazar un cuadro detallado sobre la alimenta-
cion de la herpetofauna del bosque austral.
Los pocos datos disponibles permiten decir
solamente que no hay animales altamente
especializados en la alimentacion.

Rhinoderma darwinii se alimenta de in-
sectos (Schneider, 1930) lo mismo que Tel-
matobufo venustus (Schmidt, 1952). Rybertt
y Daniel (1976) determinaron que Eupso-
phus vittatus v Eupsophus roseus se alimen-
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Fic. 14:9. Rango de distribucion de Pleurodema
thaul en el sur de Chile.

Range of distribution of Pleurodema thaul in
southern Chile.

tan de insectos, larvas, acaros, caracoles, es-
corpiones, pseudoescorpiones y oligoquetos.
Caudiverbera caudiverbera come especial-
mente peces, batracios, larvas de insectos,
crustaceos (Aegla) y hasta pajaros y peque-
nos mamiferos (Lira, 1946; Cei, 1962a).

La mayoria de los lagartos que habitan el
bosque temperado tiene habitos insectivoros,
pero en Liolaemus monticola villaricensis se
han detactado habitos de herbivoria ( Donoso-
Barros, 1966). Alsophis chamissonis se ali-
menta especialmente de lagartijas de genero
Liolaemus y roedores (Octodon degus y Mus
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Fic. 14:11. Patron distribucional de Liolaemus
tenuis tenuis y L. t. punctatissimus en el sur de
Chile.

Distribution pattern of Liolaemus tenuis tenuis
and L. t. punctatissimus in southern Chile.

musculus) (Donoso-Barros, 1966). Tachy-
menis chilensis también consume grandes
cantidades de saurios ( Liolaemus).

La época de reproduccion de anuros del
bosque es relativamente conocida. En la
Tabla 14:3 se indica la época del ano en la
cual los machos cantan y muestran callosi-
dades sexuales. Los anfibios de estos biotopos
ponen sus huevos ya sea en la tierra, en con-
diciones de semi-sumergimiento o directa-
mente en el agua. En la Tabla 14:4 se
muestra el lugar de ovipostura de cada espe-
cie, la forma del “cluster,” el numero de
huevos y su diametro.

En los ultimos anos ha habido un fuerte

Fic. 14:10. Patrones distribucionales de las espe-
cies del género Bufo y Atelognathus grandisonae en
el sur de Chile.

Distribution patterns of the species of Bufo and
Atelognathus grandisonae in southern Chile.
observacion personal)

* See footnote 4, p. 389.
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Fic. 14:12. Patrones de distribucion de Pristi-
dactylus torquatus y Liolaemus monticola villaricen-
sis en el sur de Chile.

Distribution patterns of Pristidactylus torquatus
and Liolaemus monticola villaricensis in southern
Chile.

aumento en el conocimiento del desarrollo
embrionario y larvario de sapos vy ranas del
bosque. En la Tabla 14:5 aparece la duracion
del periodo embrionario y larvario de algunos
batracios del sur de Chile. La mayoria de las
especies de anuros presentan larvas del tipo
generalizado de Orton (1953); sin embargo
existen también otros tipos larvarios adapt-
ados a ambientes especiales. Telmatobufo aus-
tralis posee un renacuajo adaptado a vivir en
aguas frias y torrentosas, su boca tiene forma
de ventosa y por medio de ella se adhiere a las
piedras ( Formas, 1972). La larva de Caudi-
verbera caudiverbera vive en grandes cuerpos
de aguas abiertas v su cuerpo esta adaptado
a estos ambientes nectonicos. Su forma es
redondeada, las aletas son altas y la punta
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Fic. 14:13. Patrones de distribucion de Liolae-
mus chilensis, L. cyvanogaster cyanogaster y L. c.
brattstroemi en el sur de Chile.

Distribution patterns of Liolaemus chilensis, L.
cyanogaster cyanogaster and L. c¢. brattstroemi in
southern Chile.

de la cola es afilada. Rhinoderma darwinii
muestra un patron de desarrollo que tiene
tuertes desviaciones del esquema corriente
presentado por los anuros (Noble, 1931).
Como consecuencia de ello la larva muestra
reducciones en las aletas, forma del cuerpo vy
estructura de la boca (Jorquera, et al., 1972).

Las especies del género Rhinoderma ( dar-
winii y rufum) muestran patrones de desarro-
llo unicos entre los anuros yva que algunas de
las etapas del desarrollo transcurren en la
bolsa gutural del macho. En la figura 14:17
s¢ muestra comparativamente los ciclos de
desarrollo de las especies de Rhinoderma.
Los huevos de R. darwinii son depositados
en terreno vegetal humedo; posteriormente el
macho toma con la boca los jovenes embri-
ones v los introduce en la bolsa bucal dentro
de la cual se realiza el resto del desarrollo
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Tasra 14:3—Meses del Ano Durante los cuales los Machos de las Especies Listadas Cantan vy Muestran

Callosidades Sexuales (O = canto, X = callosidades sexuales, A = ambos).
Especies F F-M A M T F A § @ N D Autores

Caudiverbera caudiverbera X . _ L. - A A A _ (Cei, 1962a: Duellman, com.
pers. )

Telmatobufo venustus . 2 o ~ (Péfaur, 1971)

Eupsophus roseus e e e e e e . A A __ (Formas y Pugin, 1978)

Eupsophus vittatus = N = IS T s A A (Formas, observacion personal)

Batrachyla leptopus X A A A . e = vl = (Barrio, 1967a: Busse, 1971:
Formas, 1976; Duellman, com.
pers.)

Batrachyla taeniata A A A . . I T ~ (Busse, 1971; Formas,
(observacion personal)

Batrachyla antartandica A A B - = g e e . -~ - O (Barrio, 1967a; Formas y
Pugin, 1971; Formas, 1976)

Huylorina sylvatica e s L R R e -~ - _— - (Barrio, 1967h)

Pleurodema thaul M = e . - A A A A _ (Cei, 1962a; Duellman, com.
pers.)

Alsodes monticola XX N = o e (Formas, observacion personal)

Bufo chilensis i e o= 3 e o (Bl 1982

Bufo variegatus : : X (Formas v Pugin, 1978)

Insuetophrynus acarpicus X X X - . . . (Barrio, 1970)

Rhinoderma darwinii CORL S o [ N i GO T e

Rhinoderma rufum o s By {Formasetalsl975]

Tasra 14:4.—Lugar de Ovipostura, Forma del Cluster, Numero y Diametro de los Huevos de los Anuros

Listados.
Lugar Forma Numero Diametro
dE‘ 'd'l"] d!"‘ dl," I'IIIE"'.'HS
Especies ovipostura cluster huevos ( mm ) Autores
Caudiverbera caudiverbera Aguas lénti- Globular  1000-10000 2.7-3.1 (Jorquera e lzquierdo, 1964;
Cabrera, 1977)

Batrachyla leptopus Orilla del Racimo 93 3.0-8.3 (Formas, 1976)

agua-en tierra
Batrachyla taeniata En tierra Racimo 167-399 1.6-1.8 (Capurro, 1958; Formas, 1976)
Batrachyla antartandica Musgo hiimedo- Racimo 28-56 3.0-4.0 (Formas y Pugin, 1971)

orilla agua
Hylorina sylvatica Orilla del agua  Clobular 480 2.0 (Barrio, 1967h)
Pleurodema thaul Vegetacion Clobular  ____ 1.4 (Cei, 1962a; lzquierdo y

acuatica Pereda, 1964)
Bufo chilensis Orilla del agua  Acintada 2.0-2.5 (Cei, 1962a)
Bufo variegatus Orilla del agua  Acintada  350-450 2 1-2.5 (Formas y Pugin, 1978)
Rhinoderma darwinii Vegetacion Racimo 30—-40 4.0 (Wilhelm, 1927; 1932;

hiimeda Jorquera et al., 1972)
Rhinoderma rufum Vegetacion Racimo 12-24 2.5 (Formas et al., 1975)
embrionario y todo el desarrollo larvario  cuajos; los cuales se metamortosean en este

(Wilhelm, 1927; 1932). Rhinoderma rufum  medio (Formas et al.,, 1975).
tambi¢én deposita los huevos en terreno vege-

tal hiimedo. el macho introduce los jovenes

: ); : ekt HISTORIA DE LA HERPETOFAUNA
embriones en la bolsa bucal dentro de la cual
se hace ¢l resto del pertodo embrionario y las La historia de la herpetofauna de los bos-
primeras etapas larvarias. Posteriormente el ques australes de Sudamérica puede ser in-

macho expulsa al agua a los jovenes rena-  ferida a partir de algunos fosiles presentes en
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Fic. 14:14. Patrones de distribucion de Liolae-
mus pictus pictus, L. p. chiloensis, L. p. major y
L. p. talcanensis en el sur de Chile.

Distribution patterns of Liolaemus pictus pictus,
L. p. chiloensis, L. p. major and L. p. talcanensis in
southern Chile.

la Patagonia, de las relaciones de los difer-
entes taxa y de los patrones actuales de dis-
tribucion.

Caudiverbera (Schaeffer, 1949) y algunas
tormas relacionadas, tales como Gigantobat-
rachus (Casamiquela, 1963) y Eophractus
(Schaeffer, 1949) han sido reportadas en el
Terciario Interior de la Patagonia. Hecht
(1963) indica que Eophractus (Eoceno in-
terior) y Gigantobatrachus (Mioceno supe-
rior) son parte de una simple linea filética
del género Caudiverbera; sin embargo Lynch
(1971) considera a Eophractus v Gigantoba-
trachus como sinonimos de Caudiverbera.
Para este genero el autor anteriormente citado
reconoce dos especies: Caudiverbera casa-
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— 41
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Fic. 14:15. Rango de distribucion de Alsophis
chamissonis y Tachyvmenis chilensis en el sur de
Chile.

Range of distribution of Alsophis chamissonis and
Tachymenis chilensis in southern Chile.

mayorensis (Eoceno) y Caudiverbera caudi-
verbera la cual se encuentra hoy en los bos-
ques del sur de Chile y en los estratos del
Oligoceno v Mioceno de la Patagonia.
Dentro de las ranas de la familia Lep-
todactylidae, Caudiverbera parece ser un
género muy divergente y en base a sus
aracteres osteologicos Reig (1960) propuso
una nueva subfamilia ( Calyptocephalellinae ).
Cei (1970) analiza desde el punto de vista
serologico las relaciones de este género vy
propone una probable separacion de ¢l a par-
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Fic. 14:16. Distribucion altitudinal de los anuros del bosque austral.
Altitudinal distribution of anurans in the austral forest,

tir de un tronco prototelmatobino o protolep-
todactilino. Por otra parte, este autor senala
que Caudiverbera representa una linea evo-
lutiva aparte y su rango de tribu monotipica
pareceria aceptable. Lynch (197S) crea la
tribu Calyptocephalellini v en ella incluye a
Caudiverbera v Telmatobufo. Heyer (1975)
hace un analisis cladistico de los leptodacti-
lidos basandose en caracteres derivados. En
tres cladogramas presentados por este autor,
Caudiverbera aparece mas cerca de los escuer-

zos de la tamilia Ceratophrynidae que de los
anuros de la subfamilia Telmatobiinae (Lep-
todactylidae). La ubicacion de Telmatobufo
v Caudiverbera en una tribu comun se basa
en gran medida en las aflinidades que estos
dos géneros presentan. Schmidt (1952) su-
giere que Telmatobufo estaria muy relacio-
nado con Telmatobius, un género con el cual
este autor estaba muy familiarizado. Gallardo
(1962a) considera que Telmatobufo y Caudi-
verbera estarian muy relacionados, pero no
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Autor

Formas, observacion personal)

Formas, 1976)

Formas, 1976)

Formas v Pugin, 1978)
(Formas, 1976)

(Formas, observacion personal)
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(Jorquera et al., 1972)
(Jorquera et al., 1974)
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'C
18
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18
18

15-19

Ambiente

Temperatura

embrionario
(dias)
11
20
10
8
10.4
21

Desarrollo

Especies
Caudiverbera caudiverbera

Eupsophus roseus
inoderma darwinti

trachyla antartandica

Hylorina sylvatica

surodema thaul

fo chilensis

Tasra 14:5.—Duracién del Periodo de Desarrollo Embrionario y Larvario de las Especies de Anuros Listadas.

Rhinoderma rufum

Batrachyla leptopus
Batrachyla taeniata

Eupsophus vittatus

B¢
B
R}

sustenta su opinion con datos. Lynch (1971)
comparte la opinion de Gallardo (1962a) e
indica que ambos géneros tienen varios ca-
racteres en comun (acortamiento de los pro-
cesos transversos de las vértebras sacrales, la
pupila vertical y la ausencia de tubérculo
metatarsal interno). Desde el punto de vista
cromosomico, Formas y Espinoza (1975) con-
cluyeron que los cariotipos de Caudiverbera
y Telmatobufo (australis) permiten estable-
cer relaciones cariologicas entre ambos taxa.
Nuevos antecedentes cromosomicos aportados
por Venegas (1975) para Telmatobufo venus-
tus, confirman la similaridad cromosomica
entre Caudiverbera caudiverbera y las espe-
cies de Telmatobufo. Cei (1970) demostro
desde un punto de vista serologico preliminar
que Telmatobufo y Telmatobius eran indis-
tinguibles genéricamente.  Lynch  (1976;
1978) encontré una importante similitud entre
la parte anterior del coxis de Batrachophrynus
( brachydactylus, macrostomus) y Telmato-
bufo (venustus). Las dos especies tienen la
parte anterior de este hueso con forma verte-
bral. La articulacién sacrocoxigea es bicon-
dilar y no hay precigoapofisis sobre el coxis,
pero se presentan procesos trasversos y un
gran foramen para el nervio espinal. Segun
Lynch, estas estructuras son consistentes con
una deleccion de la vértebra a través del
sacro. Si esto es cierto, entonces se podria
postular que los ancestros de Batrachophrynus
y Telmatobufo podrian haber tenido nueve
vértebras presacrales, un caracter solamente
presente hoy en los primitivos anuros de la
familia Leiopelmatidae. Este hallazgo nos
parece de particular interés ya que podria
ser un punto de apoyo para sostener la hipo-
tesis de Savage (1973) quien plantea que
las ranas de la familia Leptodactylidae se
habrian originado en los bosques temperados
de Sudamérica, a partir de un ancestro leio-
pelmato-leptodactiloideo en el Jurasico tem-
prano. La presencia de Vieraella herbstii en
el Jurasico de Santa Cruz, Argentina y de
Notobatrachus degiustoi en el Jurasico de la
Patagonia Argentina, parecen tambien re-
forzar la hipdtesis de Savage (1973) ya que
ambas formas fésiles han sido relacionadas
por Estes v Reig (1973) con las primitivas
ranas de la familia Leiopelmatidae.
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Fic. 14:17. Modalidades de desarrollo de las dos especies del género Rhinoderma.
Modes of development in the two species of Rhinoderma.

La presencia de Caudiverbera en ¢l Ter-
ciario de la Patagonia sugiere que estas ranas
tuvieron una distribuciéon pasada mas amplia
en el extremo sur del continente. Esta distri-
bucion fue probablemente restringida du-
rante el Mioceno, cuando las condiciones que
mantenian la existencia del bosque austral
(vientos del oeste) desaparecieron en los
sectores orientales de la Cordillera de los
Andes (Solbrig, 1976). En Chile, la In-
gresion Marina del Mioceno y las glacia-
ciones del Pleistoceno deben haber afectado
profundamente la distribucion de Caudiver-
bera y Telmatobufo. Estos cambios actuaron
posiblemente de manera distinta sobre las
especies de estos géneros ya que ambos ocu-
pan ambientes acuaticos diferentes. La en-
trada del mar entre los paralelos 37 y 41
ocupo todos los ambientes lénticos v por lo
tanto las poblaciones de Caudiverbera alli
existentes desaparecieron. Sin embargo, mas
alla de los limites de la Ingresion Marina
deben haber permanecido poblaciones ais-
ladas de Caudiverbera, las cuales después de
la retirada del mar reocuparon su distribucion

original. Illies (1970) postuld que durante el
Mioceno hubo hacia el oeste gran cantidad de
islas semejantes a las que existen hoy en la
region de los canales. Estas masas de tierra,
posiblemente de caracter montanoso, podrian
haber albergado especies adaptadas a ambi-
entes acuaticos de tipo lotico. Por lo tanto,
las especies de Telmatobufo que muestran
profundas adaptaciones a los arroyos de mon-
tana podrian haber sido habitantes de estas
islas.

Las glaciaciones del Pleistoceno cubrieron
toda el area que esta al sur del paralelo 41
( Vuilleumier, 1971) y el Valle Central hasta
la latitud de Santiago (Briiggen, 1950). Sin
embargo, al sur del paralelo 41, la expansién
glaciar parece no haber cubierto totalmente
la region como lo indica Vuilleumier (1971).
Briggen (1948) para explicar la expansion
de los bosques en los periodos postglaciales
de esta region, supone la existencia de re-
tugios de Nothofagus sobre los glaciares del
Pleistoceno. A partir de estos refugios bos-
cosos, ubicados sobre la capa de hielo, se
habria producido un repoblamiento del bos-
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que original cuando el hielo desaparecio. Si
se supone que los glaciares subrieron toda la
region al sur del paralelo 41, como ha sido
indicado por Vuilleumier, es dificil entender
entonces la presencia de anuros tales como
Hylorina sylvatica, Batrachyla antartandica
(Atalah vy Sielfeld, 1976) y Atelognathus
grandisonae (Lynch, 1975a) en las islas de la
region de los canales e islas del sur de Chile.
La presencia de anuros en las regiones an-
teriormente mencionadas, se podria explicar,
si se considera que hubo retugios boscosos de
Nothofagus que quedaron sobre los hielos
glaciares. Por otro lado, si las regiones occi-
dentales de la Cordillera de la Costa, al norte
del paralelo 41 y hasta la latitud de Santiago,
quedaron libres de la accion glaciar (Illies,
1970), es posible que los bosques ubicados en
los faldeos occidentales de la Cordillera de la
Costa, hayan sido también refugios costeros
para las herpetofaunas que existian en esa
area. En esta situacion, es posible que la ac-
cion de los hielos haya desplazado hacia el
norte los bosques haciéndolos llegar a una
latitud mayor que la que actualmente ocu-
pan. Reiche (1934) y Auer (1960) han dado
ejemplos de plantas que indican que el bos-
que austral tuvo una expansion mas nortefia
(30°S) que la que tienen actunalmente. La
presencia de Batrachyla taeniata, anuro tipico
del sur de Chile, en los bosques relictos de
la provincia de Valparaiso (Quintero) (Ca-
purro, 1958; Cei y Capurro, 1958) hace su-
poner también que algunas especies siguieron
el avance hacia el norte del bosque austral
durante los periodos glaciares.

Entre los mas probables habitantes de los
refugios occidentales de la Cordillera de la
Costa, estan las especies del género Telma-
tobufo, las cuales muestran fuertes adapta-
ciones a los arroyos de montana; sin embargo,
Caudiverbera no pudo alcanzar estos refugios
costeros debido a que es un género adaptado
a ambientes lénticos v es muy posible que
haya tenido que emigrar hacia el norte. Pos-
teriormente al desaparecimiento de los gla-
ciares, Caudiverbera reinvadio el Valle Cen-
tral, pero no logré penctrar en la Isla de
Chiloé¢ va que la existencia del Canal de
Chacao tue una barrera real para impedir la
dispersion hacia el sur de esta especie.

NO. 7

La tribu Calyptocephalellini es endémica
de los bosques australes de Sudamérica y sus
generos ( Caudiverbera v Telmatobufo) pre-
sentan una diversidad especifica muy baja.
Hasta ahora se han descrito solamente dos
especies de Telmatobufo (venustus y austra-
lis) v dos de Caudiverbera; una viviente (C.
caudiverbera) que también se ha encontrado
en el Terciario (Oligoceno y Mioceno) vy
Caudiverbera casamayorensis que aparece
solamente en los estratos del Eoceno de la
Patagonia.

Fuera de su antiguedad, Caudiverbera
presenta 26 cromosomas, numero que ha sido
considerado primitivo para la familia Lepto-
dactylidae (Reig, 1972). Por otro lado, Bo-
gart (1973) y Morescalchi (1973) han pro-
puesto tambien que un cariotipo con 26 cro-
mosomas es primitivo para las familias no
arcaicas de anuros. Las especies de Telma-
tobufo tambien son cariolégicamente primi-
tivas (2n = 26) vy presentan en el coxis una
dilatacion en la parte anterior (T. venustus).
La presencia de Caudiverbera y Telmato-
bufo en bosques que tienen una historia ter-
ciaria, la baja diversidad especifica de los
géneros (2 especies), la antigiiedad de Cau-
diverbera (Terciario Inferior) y la presencia
de caracteres primitivos (26 cromosomas y
dilatacion del coxis en T. venustus) en las
especies de ambos generos, nos hace suponer
que Telmatobufo y Caudiverbera son miem-
bros de una antigua radiacion de leptodac-
tilidos que alcanzd poca diversificacion en el
extremo sur de Sudamérica.

Schaeffer (1949) describi6 un Eupsophus
sp. en el Oligoceno de Chubut (sur de Ar-
gentina). En esta especie los nasales estan
en aparente contacto medio, condicion que
no se encuentra en las especies vivientes del
geénero. Bogart (1970) senala que el fosil no
es separable de Eupsophus roseus, forma vi-
viente en el bosque temperado. Eupsophus
ha sido tradicionalmente un género muy con-
tuso v mal definido, lo que ha traido como
consecuencia falsas interpretaciones biogeo-
graficas. Después de las revisiones de Cei
(1960, 1962b), Grandison (1961) y Lynch
(1972, 1975) se puede apreciar una cierta
consistencia taxonomica para el género. Eup-
sophus esta exclusivamente distribuido en el
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bosque temperado de Sudamérica. Lynch
(1978) ubica a Eupsophus, Alsodes, Atelog-
nathus, Batrachophrynus, Hylorina, Insueto-
phrynus, Limnomedusa, Somuncuria v Telma-
tobius en la tribu Telmatobiini de la sub-
familia Telmatobiinae (Leptodactylidae). En
el bosque austral solamente se encuentran los
géneros Alsodes, Atelognathus. Eupsophus,
Hylorina e Insuetophrynus. La presencia de
Eupsophus en el Oligoceno de la Patagonia
nos hace suponer que el género tuvo en el
Terciario una distribucion mas amplia que
la actual v que su extincion alli fue debida a
las mismas causas que restringieron los rangos
distribucionales de Caudiverbera. Lynch
(1971) indica que Eupsophus esta relacio-
nado con Hylorina va que ambos géneros
comparten la misma forma de los condilos oc-
cipitales (Tipo Il de Lynch).

Barrio (1970) basandose en caracteres
mortologicos externos, especialmente las es-
pinas nupciales, indica que Alsodes e Insue-
tophrynus estan estrechamente relacionados.
Desde el punto de vista cromosémico, Atelog-
nathus, Hylorina, Alsodes e Insuetophrynus
(Bogart, 1970; Barrio v Rinaldi de Chieri,
1971; Barrio, 1973), comparten una férmula
cromosomica primitiva de 2n = 26. Eupso-
phus, Hylorina e Insuetophrynus estin ex-
clusivamente restringidos en su rango de dis-
tribucion a los bosques del sur de Chile: sin
embargo Alsodes sobrepasa por el norte el
limite de este biotopo boscoso. Es asi que
A. verrucosus, A. gargola v A. pehuenche se
encuentran en la Cordillera de los Andes
mientras que A. nodosus habita los bosques
esclerofilos de Chile Central (Cei, 1962a.b).
Alsodes monticola es la tiica especie restrin-
gida al bosque austral. La presencia de espe-
cies surenas con 26 cromosomas (A. monti-
cola y A. gargola) (Barrio y Rinaldi de
Chieri, 1971) hace suponer que a partir de
ellas se hayan originado especies mas de-
rivadas con 22 cromosomas tal como se pre-
senta en Alsodes nodosus (Brum-Zorrilla vy
Saez, 1968; Kuramoto, 1972). El género Ate-
lognathus posee una sola especie en el bosque
temperado austral (A. grandisonae) y cinco
especies (A. nitoi, A. patagonicus, A. prae-
basalticus y A. solitarius) en el centro-sur de
Argentina. Lynch (1978) indica que este

genero irradio desde el sur de Chile a la Pata-
gonia Argentina.

Si las especies de Eupsophus realizan sus
posturas en las cercanias de los ambientes
loticos (Formas y Pugin, 1978) vy las larvas
de Alsodes monticola muestran ciertas ten-
dencias adaptativas a vivir en los arroyos de
montana (Formas, 1975) es posible que las
especies de estos géneros havan podido so-
portar las glaciaciones pleistocénicas en los
refugios costeros de la Cordillera de la Costa
anteriormente reteridos.

Batrachyla (Batrachylinii) es un género
exclusivo del bosque temperado; sin embargo
Batrachyla taeniata es posible también en-
contrarla en bosques relictos de la zona cen-
tral de Chile. Las especies de Batrachyla pre-
sentan 26 cromosomas ( Bogart, 1970; Barrio y
Rinaldi de Chieri, 1971) y dos especies (B.
taeniata y B. antartandica) poseen un par
acrocentrico. Fuera de los caracteres cario-
l6gicamente considerados primitivos (26 cro-
mosomas ) es posible encontrar en Batrachyla
leptopus amplexus inguinal (Barrio, 1967a;
Formas, 1976 ), caracter etologico considerado
primitivo para los anfibios anuros (Tihen,
1965). Durante las glaciaciones pleistocéni-
cas, las especies de Batrachyla tuvieron dos
alternativas: emigrar hacia el norte junto con
el bosque o refugiarse en los sectores libres
de hielo en la Cordillera de la Costa, al norte
del paralelo 41, o sobre los refugios boscosos
de Nothofagus, sobre los glaciares, al sur del
paralelo 41. La presencia de Batrachyla tae-
niata en los bosques relictos de la provincia
de Valparaiso v los esclerofilos costeros de la
Provincia de Aconcagua permiten confirmar
la primera alternativa planteada v el encuen-
tro de Batrachyla antartandica en la Isla Vir-
tudes (51°31'S; 74°55'W ) (Atalah y Sielfeld,
1976 ) confirmaria la segunda posibilidad.

LLos generos de las tribus Telmatobiini
(Alsodes, Eupsophus, Hylorina e Insueto-
phrynus) y Batrachylini ( Batrachyla) per-
tenecerian a una radiacion que alcanzo su
maxima diversificacion en Telmatobius (30
especies) (Lynch, 1978) y su minima en
Insuetophrynus, Hylorina y Somuncuria (una
especie ). Esta radiacion parece ser antigua
como lo plantea la presencia de Eupsophus
en el Oligoceno de la Patagonia. Ademais
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algunos de sus miembros poseen caracteres

cromosomicos (2n = 26) y etoldgicos primi-
tivos (amplexus inguinal en Batrachyla lep-
topus ).

Pleurodema es el unico género de la sub-
tamilia Leptodactylinae presente en el bosque
de Nothofagus del sur de Chile. La tnica
especie existente aqui es Pleurodema thaul,
sin embargo Lynch (1971) senala que esta
especie podria tener un rango de superespe-
cie. Duellman y Veloso (1977) indican que
al menos dentro de los que se llama Pleuro-
dema thaul existen tres especies las cuales se
pueden diferenciar por su amplexus y cario-
tipo. El género Pleurodema tiene amplia
distribucion en Sudamérica, especialmente en
los ambientes temperados vy semi-aridos.
Heyer (1975) considerando la presencia o
ausencia de glandulas lumbares, insinia un
probable origen difilético para el género.
Lynch (1971) basandose en la anatomia vy
configuracion del renacuajo supone que Pleu-
rodema es un miembro muy primitivo de la
subfamilia Leptodactylinae y que el género
presentaria relaciones con Eupsophus. Ambos
se diferencian claramente en la morfologia
esternal v en la biologia reproductiva. En
la distribucion cladistica de Heyer (1975)
basada en caracteres derivados, Pleurodema
es agrupado con Batrachyla, Batrachophrynus
y Eupsophus. Duellman y Veloso (1977)
aportan datos que soportan la suposicion de
que Pleurodema podria ser considerado un
leptodactilino primitivo, el cual estaria rela-
cionado con Eupsophus. La existencia de
Eupsophus tosiles en el Oligoceno de la Pata-
gonia es muy sugestiva ya que si existio este
geénero es posible que también haya estado
Pleurodema. Si esto es cierto, se puede su-
poner entonces que el género se haya orig-
inado en los bosques australes al menos en
el Oligoceno v que secundariamente hava
emigrado hacia el norte del continente ( Duell-
man y Veloso, 1977).

Rhinoderma es un género de problemati-
cas relaciones filogeneticas dentro de la super-
familia Bufonoidea y del cual no existen evi-
dencias fosiles. Este género, del cual sola-
mente se han descrito dos especies (Rhino-
derma darwinii v R. rufum) esta distribuido
en los bosques temperados de Nothofagus del
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sur de Chile v en las regiones costeras de
Chile Central (R. rufum) (Formas et al.,
1975).

El género Bufo esta representado en el
bosque austral por tres especies: B. chilen-
sis, B. rubropunctatus y B. variegatus, siendo
esta ultima un anuro de dificil ubicacion taxo-
nomica, ya que sus relaciones son oscuras y
controvertidas. Cei y Espina (1957) lo con-
sideran vinculado al grupo de Bufo spinu-
losus; sin embargo Capurro v Silva (1939)
al hacer el estudio cromatografico de la secre-
cion de las pardtidas hayan claras diferencias
entre Bufo spinulosus (= chilensis) v Bufo
variegatus. Gallardo (1962b) indica que
Bufo variegatus no tiene ninguna relacion con
los Bufo sudamericanos del grupo spinulosus
vy que sus afinidades estarian con el grupo
calamita de la region Holoartica, Martin
(1972) coloca a Bufo variegatus en un grupo
propio (grupo variegatus); sin embargo dice
que es similar a los miebros del grupo spinu-
losus con los cuales probablemente estaria
estrechamente relacionado. Cei (1977) de-
muestra, desde el punto de vista inmunolog-
ico, que Bufo variegatus presenta mayores re-
laciones con el grupo calamita que con las
especies sudamericanas del grupo spinulosus.
Ademas de las tres especies de Bufo anterior-
mente referidas, se ha citado en el area (Pro-
vincia de Llanquihue) la presencia de Bufo
spinulosus (Silva et al., 1968); sin embargo
estos datos necesitan ser confirmados.

Referente a la historia de los anfibios en
los bosques australes de Sudamérica se han
adelantado algunas hipotesis.  Darlington
(1965) indica que los anfibios de los bosques
del sur de Chile son miembros de una fauna
depauperada, cuyos géneros poco diferenci-
ados pertenecen a familias ampliamente dis-
tribuidas en Sudameérica.

Vellard (1957) refiere que los anuros de
los bosques temperados del sur de Chile son
relictos de faunas del Terciario, las cuales
han podido vivir en el extremo sur de Sud-
america separadas del continente por fuertes
barreras ecoldgicas. Vellard (1957) y Cei
(1962a) llamaron la atencion sobre la pobreza
de taxa existente en el bosque temperado de
Sudamérica, ya que muchas familias y gén-
eros tipicamente neotropicales estin ausentes
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del bosque austral. Vuilleumier (1968) senala
que no se debe olvidar que los anuros del
bosque del sur de Chile pertenecen a una
zona temperada, las cuales contrastan en gen-
eral con las areas tropicales que son muy ricas
en especies.

Vuilleumier (1968) considera a la fauna de
anuros del bosque temperado del sur de Chile
como compuesta de cuatro elementos fau-
nisticas: 1) grupos de leptodactilidos autoc-
tonos que no se han diversificado (Caudiver-
bera, Telmatobufo, Rhinoderma); 2) lepto-
dactilidos autéctonos que secundariamente
emigraron al norte de Sudamérica ( Eupso-
phus); 3) leptodactilidos endémicos del bos-
que temperado, pero que han derivado de
leptodactilidos tropicales ( Batrachyla, Hylo-
rina); 4) bufénidos y leptodactilidos que
estan ampliamente distribuidos en Sudameérica
y que tienen mas especies fuera del bosque
austral que dentro de ¢l ( Pleurodema, Bufo).

De acuerdo a la discusion sobre el origen
y las relaciones de los anuros del bosque aus-
tral, se proponen aqui tres grupos faunisticos
para explicar la historia de los anfibios de este
bosque.

El primer elemento faunistico esta com-
puesto de leptodactilidos ( Caudiverbera, Tel-
matobufo, Hylorina, Batrachyla, Eupsophus,
Insuetophrynus y Alsodes) y rhinodermatidos
( Rhinoderma) originados en el extremo sur
de Sudamérica. Todos los géneros aqui indi-
cados son endémicos del bosque austral, en
algunos casos tienen una antigiiedad que se
remonta al Terciario Inferior y otros poseen
caracteristicas muy primitivas. Es posible que
los integrantes de este grupo faunistico se
haya refugiado en los sectores occidentales
de la Cordillera de la Costa durante las gla-
ciaciones del Pleistoceno. La inclusion de
Rhinoderma, género de enigmaticas rela-
ciones filogeneticas, se debe principalmente a
la estrictez de su distribucion dentro del
bosque y sus adaptaciones reproductivas a
este biotopo (cuidado de las erias en la bolsa
del macho). La mayoria de los géneros de
este grupo tiene muy pocas especies v Eup-
sophus y Alsodes parecen ser los mas diversi-
ficados. Esta primera agrupacion faunistica
contiene la mayor cantidad de géneros del
bosque austral, es endémico del area y rara
vez sus especies sobrepasan sus limites.

En el segundo grupo faunistico se in-
cluye al género Pleurodema el cual tiene
amplia distribucion en Sudamérica, especial-
mente en los ambientes semiaridos, Pleuro-
dema es considerado un grupo originado en
el extremo sur del continente y que posterior-
mente emigro al resto de Sudamérica, en el
cual adquirié gran diversificacion (14 espe-
cies) (Duellman y Veloso, 1977). También
en esta agrupacion se incluye a Atelognathus
el cual segin Lynch (1978) irradio del sur
de Chile hacia la Patagonia.

El tercer grupo faunistico es poco defi-
nido, pues esta constituido por las especies
del género Bufo, cuyo origen en el bosque
austral parece ser secundario. Si Bufo varie-
gatus esta realmente relacionado con los sapos
del grupo calamita, de la region Holoartica,
es posible que su presencia en el bosque aus-
tral sea secundaria. Segun Cei (1971) Bufo
chilensis v B. rubropunctatus aparecen como
un conjunto de antiguo abolengo filético, se-
curamente anterior al levantamiento andino.
Schaeffer (1949) describié Neoprocoela eden-
tata en depositos del Oligoceno inferior de
Chubut (Argentina). Esta es una forma de
problematica ubicacion familiar va que se ha
considerado dentro de la familia Leptodacty-
lidae (Schaefter, 1949; Lynch, 1971) y Bu-
fonidae (Tihen, 1962). Si Neoprocoela es un
miembro del género Bufo como lo indica Ti-
hen (1962) la presencia de los anuros de este
genero en el bosque austral pareceria ser muy
antigua.

La batracofauna austral presenta once gé-
neros de los cuales siete son endémicos de
la region, otros ( Pleurodema y Atelognathus)
se han originado aqui, pero se diversificaron
en Sudameérica v Bufo tiene un origen pos-
iblemente secundario. Por lo tanto se puede
decir que la batracofauna de los bosques aus-
trales de Sudamerica es mayoritariamente en-
démica del area.

Entre los reptiles existentes en los biotopos
australes se encuentran saurios del género
Liolaemus, el cual segin Peters y Donoso-
Barros (1970) incluye mas de 54 especies.
Liolaemus se distribuye en el cono sur del
continente sudamericano, ocupando regiones
tales como Argentina, Bolivia, Brasil, Chile,
Paraguay, Peru v Uruguay. Las especies de
este taxon tienen una gran versatilidad eco-
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logica v se les encuentra a la orilla de la
costa, en los desiertos, en los bosques tropi-
cales, estepas sabanas, grandes alturas de la
Cordillera de los Andes v en las selvas austra-
les. Donoso-Barros (1966) plantea que el
género Liolaemus tiene su origen posible-
mente en la region de Bolivia. Hellmich
(1952) basado en la diversificacion de las
especies de Liolaemus, tanto al este como al
oeste del macizo andino, postula que la Cor-
dillera de los Andes ha sido un elemento
diferenciador de especies, a partir de un
tronco preexistente antes del levantamiento
de los Andes. Si Liolaemus se origino de un
tronco preandino, cerca de la region de Bo-
livia, es posible que la presencia de las espe-
cies del género existente en el sur de Chile
haya sido un fenémeno de emigracion se-
cundario. Parece ser que la invasion de Lio-
laemus en el bosque austral ha sido por la
Cordillera de los Andes y por el Valle Central.
A pesar de que la Patagonia es rica en rep-
tiles, no existen especies compartidas entre
los dos biotopos; sin embargo se observa una
leve invasion de especies patagonicas, en el
sur del bosque austral tales como: Liolaemus
fitzingeri y L. bibronii (Donoso-Barros, 1960 ),
el saurio Phymaturus patagonicus ( Cei y Cas-
tro, 1973) v el anuro Pleurodema bufonina
(Cei, 1962a). La ingresion de especies pata-
gonicos, en los limites del bosque temperado,
ha sido también referida por Cekalovic
(1974). Las especies de Liolaemus que pare-
cen haber ingresado por el Valle Central seri-
an Liolaemus tenuis, Liolaemus cyanogaster,
Liolaemus pictus v Liolaemus chilensis. L.
chilensis ha sido incluida por Hellmich (1952)
en su Grupo III, en el cual tambien esta L.
gravenhorstii. Todo este grupo de especies
ocupan el Valle Central, especialmente la
estepa de Acacia caven. La especie mas su-
refia de este grupo ( Liolaemus chilensis) es
la que penetra en el limite norte del bosque
austral. Liolaemus pictus, L. cyanogaster y
L. tenuis han sido incluidas por Hellmich
(1952) en su Grupo IV. De estas tres espe-
cies, Liolaemus cyanogaster v L. pictus estan
estrictamente restringidas al bosque de No-
thofagus, pero Liolaemus tenuis alcanza por
el norte hasta el paralelo 32, Finalmente Lio-
laemus monticola muestra una penetracion
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en las partes altas del bosque, en la Cordillera
de los Andes. Esta especie junto con L. lo-
renzmiilleri, L. schroderi, L. nigroviridis, L.
leopardinus, L. altissimus y L. buergeri repre-
sentan un grupo alto andino ( Hellmich, 1950 )
y la especie que ocupa los limites mas bajos
de los Andes es L. monticola la cual se des-
membra hacia el sur en varias subespecies
(monticola chillanensis y monticola villaricen-
sis). De estas formas solamente Liolaemus
monticola villaricensis penetra al bosque
austral.

Pristidactylus es otro género de iguanidos
representado en el bosque por una sola espe-
cie, Pristidactylus torquatus. Existen dos
especies mas en Chile (Pristidactylus alvaroi
y P. valeriae) (Donoso-Barros, 1974) las cu-
ales estan en los bosques relictos del Cerro
El Roble (Provincia de Valparaiso). En Ar-
gentina existen cuatro especies mas: P. sca-
pulatus, P. achalensis, P. casuhatiensis y P.
fasciatus. Las especies argentinas de Pristi-
dactylus muestran una distribucion discon-
tinua (Cei, 1973). Este patron sugiere que
las especies del género se diferenciaron de un
tronco primitivo posiblemente antes del lev-
antamiento de los Andes.

Dos especies de serpientes llegan al bos-
que austral: Tachymenis chilensis y Alsophis
chamissonis. Esta ultima especie es ovipara
y no penetra muy al sur llegando hasta Val-
divia ( Donoso-Barros, 1966). Maglio (1970)
ha revisado las culebras del género Alsophis,
el cual se distribuye especialmente en las islas
del Caribe, noroeste de Sudamerica y extremo
sur de América Central. Un pequeno grupo
de especies, A. angustilineatus del Pera y A.
chamissonis, se extienden hacia el sur por el
oeste de Sudamérica. Maglio (1970) incluye
a estas tres especies en el grupo cantheri-
genus e indica que Alsophis chamissonis mu-
estra mucha similitud con Alsophis cantheri-
genus de Cuba. Segin este autor es posible
que las especies de las Indias Occidentales
hayan derivado de un tronco ubicado en el
oeste de Sudamérica en el cual se encuentran
hoy A. chamissonis, A. tachymenoides y A.
angustilineatus. Estas tres especies represen-
tarian un centro de especiacion sobre las
Galapagos v Alsophis chamissonis, segun
Maglio, parece ser un relicto del tronco prim-
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itivo. La entrada de esta especie en el bosque
austral seria por lo tanto secundaria, pues su
centro originario debe haber estado colocado
al sur del Pert o norte de Chile.

El género Tachymenis posee seis especies
(T. affinis, T. peruviana, T. tarmensis, T. at-
tenuata v T. surinamensis) (Peters y Orejas-
Miranda, 1970) las cuales estin en Perti, Bo-
livia, Chile y Surinam. Al no existir registros
fosiles ni estar claras las relaciones de estas
especies, es dificil tratar de establecer el ori-
gen de Tachymenis chilensis en el bosque de
- Nothofagus.

Muller (1973) establece que el sur de
Chile es un centro de dispersion faunistica
en Sudamérica. Esta area, la cual el autor
llama “The Nothofagus Center,” esta estable-
cida en base a los anfibios y las aves endé-
micas. En relacion con los anuros, el centro es
definido por la distribucion de Telmatobufo,
Batrachyla, Hylorina, Caudiverbera v Rhino-
derma. Aqui se estima que la base del “Cen-
tro de dispersion de Nothofagus™ estaria con-
stituido por los anuros endémicos del sur de
Chile pertenecientes a los géneros: Caudi-
verbera, Hylorina, Telmatobufo, Batrachyla,
Eupsophus, Insuetophrynus, Alsodes y Rhino-
derma. Esta modificacion no altera el con-
cepto de Miiller; por el contrario, lo enriquece
al agregar nuevos ejemplos que fortaleceria
su validez.
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SUMMARY

The South American temperate forests are
characterized by a low number of amphibians
and reptiles—a total of 28 species. Among
anurans, there are seven endemic genera
( Caudiverbera, Telmatobufo, Hylorina, Eup-
sophus, Batrachyla, Insuetophrynus, and
Rhinoderma), plus four that extend beyond
the limits of the austral forests (Alsodes.
Atelognathus, Pleurodema, and Bufo). Among

reptiles, represented by the genera Liolae-
mus, Pristidactylus, Alsophis, and Tachymen-
is, there are no endemics at the generic level.
In general, the anurans have a low diversity:
Caudiverbera, Hylorina, and Insuetophrynus
are monotypic.

This small herpetotauna is mainly re-
stricted to southern Chile between 37 and
50°S but also occurs in parts of adjacent Ar-
gentina. In southern Chile, three physio-
graphic regions are evident—1) the Andean
cordilleras, 2) the coastal cordillera, and
3) the central valley. Ecologically, the aus-
tral forests are isolated from the rest of the
continent by arid and semiarid regions. North
of 37°S in the central valley of Chile is a dry
steppe characterized by Acacia caven. East-
ward the austral forests are bordered by the
cold Patagonian steppe.

The austral forest is floristically rich and
contains several monotypic and endemic
groups, such as Eucryphia, Aextoxicum, and
Fitzroya. The Valdivian forest represents the
maximum development of the austral forest.
This is a dense, dark, evergreen forest com-
posed of many bushes (Lomatia, Fuchsia,
Chusquea ), lianas ( Hydrangea, Cissus), epi-
phvtes ( Luzuriaga, Sarmentia), terns (Lo-
phosoria), mosses and lichens (Usnea).
Among the trees, Nothofagus, Laurelia, and
Podocarpus are conspicuous. At elevations of
more than 1000 m in the cordilleras there are
coniters, such as Araucaria and Fitzroya.

The climate of this region is temperate
with Mediterranean and oceanic influences.
The predominate winds come from the west,
and they are responsible for the continuous
rainy conditions of the austral forests.

During the Miocene the southern part of
Chile suffered a marine introgression that
isolated the western islands, which became
refuges for the exiting fauna of the area.
The Pleistocene had three or four glacial
periods. Glaciers covered nearly all of Chile
south of 41°S; however, in that region some
forested areas have been postulated as Noth-
ofagus refuges. North of that latitude the
central valley was strongly affected by gla-
cial climates; however, all of the western
slopes of the coastal cordillera remained ice-
free. It is thought that these slopes were
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refuges for much of the herpetofauna that
dwells today in southern Chile.

The highest concentration of the herpeto-
fauna occurs in the northern part of the aus-
tral forest (37°S), whereas there is a gradual
decrease in numbers towards the south. Only
Bufo reaches 53°S. It is possible that the
declining temperature gradient is the respon-
sible factor for this distribution pattern. Alti-
tudinally, most of the amphibians reach 1000
m; Bufo and Pleurodema exceed 2000 m.

Despite the denseness of the austral for-
ests, no amphibians there have arboreal adap-
tations. The majority of anurans are restricted
to the forest floor or to lotic or lentic aquatic
environments.  Occasionally Hylorina  syl-
vatica and Batrachyla leptopus have been
observed on branches and trunks of trees.
Many lizards have arboreal tendencies.

Several anurans have adaptations in the
embryonic and larval stages for the forest
floor. One of the most notable occurs in
Rhinoderma. in which the larvae develop in
the vocal sac of the males. Other reproductive
adaptations are related to egg-deposition sites.
Batrachyla taeniata and Rhinoderma lay eggs
in wet soil, whereas Eupsophus lay eggs in
water holes. Larvae of Telmatobufo australis
are adapted to swift streams, whereas those ot
Caudiverbera caudiverbera are nectonic.

The most outstanding reproductive adap-
tation in the reptiles is viviparity, which is
present in some Liolaemus (cyanogaster and
pictus) and in the snake Tachymenis chilensis.

The history of the herpetofauna can be
traced back to the Early Tertiary. Caudi-
verbera and Eupsophus have been found in
strata in Patagonia, where fossil plants asso-
ciated with austral forests also were found,
thereby indicating that the austral forests and
at least some of its inhabitants were much
more widespread than they are today.

Analyses of patterns of distribution of the
different taxa, their phylogenetic relation-
ships, and their age (inferred from the fossil
data) provide the basis for the recognition of
three herpetofaunal groups. The first, charac-
terized by endemics, primitive characters, and
antiquity, includes Caudiverbera, Telmato-
bufo, Hylorina, Batrachyla, Insuetophrynus,
Alsodes, Rhinoderma, and Eupsophus. This
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oroup of frogs probably originated in south-
ern South America and dispersed northward
in the austral forests.

The second faunal element contains Pleu-
rodema and Atelognathus, which apparently
originated in the austral forest and secondarily
dispersed widely in South America. The third
element contains the toads of the genus Bufo,
which probably secondarily entered the aus-
tral forests. The reptiles had a different his-
tory: all of the groups seem to be secondary
in the austral forests.
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The Andes—the longest mountain chain in
the world—extend nearly .8,000 km along the
northern and western edges of South America.
This young mountain chain contains many
active volcanoes and innumerable dormant
ones. More than a dozen peaks reach heights
of more than 6,000 m; only the Himalayas and
Pamirs in Asia have peaks that are higher.
Frequent earthquakes attest to continuing
tectonic activity. Spanning 66° of latitude
through the tropics and southern temperate
zone and reaching to within 1,300 km of the
Antarctic Circle, the Andes are a major fac-
tor in the formation of climates in western
South America. Blocking both easterly and
westerly moisture-laden winds, the massive
mountain range creates immense rain-sha-
dows west of the Andes between 5° and 35°S
and east of the Andes between 28° and 38°S.
The eastern face of the Andes in the tropics
and the western face north of the Equator
and south of 37°S receive abundant rainfall.
At high elevations daily temperatures vary as
much as 20°C; in many areas freezing tem-
peratures are a nightly occurrence.

Thus, the climates and environments of
the Andes are highly diverse. At lower lati-
tudes, the slopes receiving moisture-laden
winds are covered with lush tropical forests,
which give way at higher elevations to an
elfin forest of stunted trees heavily laden with
thick growths of mosses. Above tree line a
variety of composites, including frailejones
and cushion plants are dominant life forms
in the paramos. In drier areas, vegetation
may be nearly absent on the slopes and pres-
ent only in valleys where bunch grasses form
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the puna vegetation. In the extreme south
the austral forests extend nearly to snow line.
Permanent snow and glaciers exist on the
higher peaks throughout the Andes, and the
Cordillera Real extending for about 300 km
in Bolivia and the Cordillera Blanca about
400 km in length in Pert, are nearly continu-
ous snow-covered ranges. The melting snow
and glaciers provide water for countless An-
dean lakes, many of which are trapped in
glacial cirques and reach gigantic proportions
in Lago Titicaca (177 X 56 km, 3512 m), and
myriads of small streams, some of which fed
by heavy precipitation on the Andean slopes,
grow and merge to form the giant tributaries
of the Rio Amazonas. For more general in-
formation on the Andes and excellent photo-
graphs, the reader is referred to the works by
Morrison (1974, 1975); a real appreciation
tor early exploration in the Andes can be
gained from Whymper (1892).

The complex topography and variety of
environments resulting from tectonic events
and climatic fluctuations in the Pleistocene
and continuing to the present provide an
array of habitats for a diverse Andean fauna
that is far richer than one might expect.
More than 700 species of amphibians and
reptiles are known to inhabit the Andes. The
purposes of this paper are to 1) describe the
distributional patterns of the Andean herpe-
tofauna, 2) determine the origin of the fauna,
3) hypothesize geological and climatic
changes that influenced the differentiation and
dispersal of the Andean herpetofauna, and
4) examine the existing herpetofaunal com-
munities in the Andes,
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METHODOLOGY

The Andean herpetofauna never has been
reviewed or summarized in its entirety. Some
faunistic studies contributed much basic data.
Thus, Ruthven’s (1922) report on the herpe-
tofauna of the Sierra Nevada de Santa Marta,
Rivero’s (1961) account of the frogs of Vene-
zuela, Cei’s (1962) study of Chilean am-
phibians, Rivero’s (1963a) summary of the
distribution of Venezuelan Andean frogs,
Donoso-Barros™ (1966) account of the reptiles
of Chile, Roze’s (1966) summary of Venezue-
lan snakes, and Cochran and Goin’s (1970)
account of Colombian frogs have been useful
sources of information, as have been the more
limited papers on the Loja Basin in Ecuador

by Parker (1932, 1934, 1938) and on the
Titicaca Basin by Parker (1940). The cata-
logues of Neotropical squamates by Peters
and Orejas-Miranda (1970) and Peters and
Donoso-Barros (1970) were a primary source
for taxonomic literature on snakes and lizards,
as were the checklists of leptodactylid frogs
by Gorham (1966), Eleutherodactylus by
Lynch (1976b), and hylid and centrolenid

frogs by Duellman (1977).

Substantial distributional data are in-
corporated in numerous systematic studies, as
follow: Brame and Wake (1963) on sala-
manders of the genus Bolitoglossa; Cei (1971,
1973. 1974a.b), and Cei and Castro (1973)
on iguanid lizards; Cei (1972) on Bufo;
Duellman (1972) on Hyla; Duellman (1974),
and Duellman and Fritts (1972) on Gastro-
theca: Duellman and Veloso (1977) on Pleu-
rodema; Edwards (1974) on the frogs ot the
genus Colostethus; Fritts (1974) on lizards
of the genus Stenocercus; Lynch (1975a-c,
1976b) on frogs of the genera Eleutherodac-
tylus and Phrynopus; Montanucci (1973) on
lizards of the genus Pholidobolus; Oftedal
(1974) on lizards of the genus Anadia; Ruiz
and Hernandez (1976) on Colombian mon-
tane bufonids; Taylor (1968) on caecilians;
Trueb (1971, 1974, 1979) on frogs of the
genera Rhamphophryne, Hemiphractus, and
Telmatobius; Uzzell (1970, 1973) on micro-
teiid lizards; Vellard (1951-1960) on Peru-
vian frogs; and Veloso and Trueb (1976) on
frogs of the genus Telmatobius.

Much of the distributional data used here
has not been published previously. Some of
the data were obtained from museum collec-
tions in the United States, Europe, and South
America, but much of it is from the extensive
Andean collections in the Museum of Natural
History at The University of Kansas. Distri-
butional data are provided for many unnamed
species that are designated solely by letters.

The 727 species of amphibians and reptiles
known to occur in the Andes were tabulated
for 1) altitudinal ranges, 2) major habitats
occupied, and 3) physiographic regions in-
habited (Appendices 15:1-3). Only species
occurring above 1,000 m are included. Many
species primarily inhabiting lowlands, and
only peripherally inhabiting Andean slopes,
were excluded.

The 27 physiographic regions are classified
and defined in six units, as follow. These units
are arbitrary groupings and do not necessarily
correspond to geomorphological regions.

A. Venezuelan Andes

1. Serrania de Paria.—Easternmost high-
lands on the Peninsula de Paria.

9. Serrania de Turumiquire—Isolated
highland mass in northeastern Vene-
zuela.

3. Cordillera de la Costa—The coastal
ranges of northern Venezuela.

4. Mérida Andes—The eastern spur of
the Andes in western Venezuela.

B. Sierra Nevada de Santa Marta

5. Sierra Nevada de Santa Marta.—Iso-
lated range in northern Colombia.

C. Northern Andes

6. Cordillera Occidental in Colombia.—
The Andes west of the Rio Cauca Val-
ley.

7. Cordillera Central in Colombia—The
Andean range between the Rio Cauca
and Rio Magdalena valleys.

8. Cordillera Oriental in Colombia—The
Andes east of the Rio Magdalena Val-
ley.

9. Nudo de Pasto.—The highland mass in
southern Colombia and extreme north-
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ern Ecuador from which the Colombian
and Ecuadorian cordilleras diverge.
10. Cordillera Occidental in Ecuador.—
The western Andean range.
11. Cordillera Oriental in Ecuador.—The
eastern Andean range.
12. Inter-Andean Basins in Ecuador.—The
high valleys lying between the eastern
and western ranges.

Huancabamba Depression

13. Huancabamba Depression.—The low
ranges and basins in northern Peru
and southern Ecuador.

Central Andes

14. Cordillera Central in Pert.—The An-
dean range in northern Peru between
Rio Maranén and Rio Huallaga val-
leys.

15. Cordillera Oriental in northern Peru.
—The eastern range of the Andes to
the east of the Rio Huallaga and Rio
Mantaro valleys.

16. Cordillera Oriental in southern Peru.
—The eastern range of the Andes east
and north of the Rio Apurimac and
the Altiplano.

17. Cordillera Occidental in northern
Peri.—The western range of the An-
des north of Lima.

18. Cordillera QOccidental in southern
Perit.—The western range of the An-
des south of Lima.

19. Maranon Valley.—The upper valley of
the Rio Marafon between the Cordil-
lera Occidental and Cordillera Cen-
tral in northern Per.

20. Huallaga Valley.—The upper valley of
the Rio Huallaga between the Cordil-
lera Central and Cordillera Oriental
in central Pern.

21. Mantaro-Apurimac Valleys.—The in-
termontane valleys of the Rio Mantaro
and Rio Apurimac in central Peru.

22. Cordillera Oriental in Bolivia.—The
Andes north and east of the Altiplano
in Bolivia.

Southern Andes
23. Altiplano—The high Andean plateau
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in Bolivia, southern Pert, and north-
ern Argentina.

24. Andes in northern Argentina—The
ranges east of the Altiplano to 27°S
Lat.

25. Andes in northern Chile.—The ranges
west of the Altiplano to 27°S Lat.

26. Andes in southern Chile—The west-
ern slopes of the Andes south of 27°S
Lat.

27. Andes in southern Argentina.—The

eastern slopes of the Andes south of
27°S Lat.

Many of the regions are definitive physio-
graphically, whereas other divisions are ones
of convenience for analyzing distributions.
The Cordillera Central in Colombia is con-
tinuous with the Cordillera Oriental in Ecua-
dor. The Cordillera Oriental in Peru is con-
tinuous with the Cordillera Oriental in Bolivia
and the Andes in Argentina. The Cordillera
Occidental in Pert is continuous with the
Chilean Andes, the southern ranges of which
are solely the western slopes of the Andes of
southern Argentina.

The ten habitat types are defined, as fol-
low (see Simpson, this volume, for more
extensive descriptions and discussion of vege-
tation ) :

1. Arid.—Sparse, xeric-adapted vegetation
on the western cordilleras in Peri and
northern and central Chile and on the
eastern cordilleras in central Argentina
characterized locally by legumes ( Aca-
cia, Adesmia, Prosopis), cactus, and
terrestrial bromeliads (Puya) (Fig.
15:1).

Cloud forest.—The humid lush forests
on the windward slopes from Venezuela
to Bolivia are termed variously humid
montane forest, upper montane forest,
or ceja (Fig. 15:2). The lower limits
of this forest are usually no less than
1000 m, whereas the upper limit varies
locally from 2600 to 3800 m. Charac-
terized by a diversity of woody plants,
especially various species of Podocar-
pus, the cloud forest has many tree
ferns and epiphytes.

3. Dry forest—Xerophytic scrub forest

1
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dominated by legumes, principally
Acacia and Prosopis, and a variety of
cacti, is characteristic of the Andean
slopes in southwestern Ecuador, the
Huancabamba Depression, some in-
terior valleys in Peru, Bolivia, and
northern Argentina (Fig. 15:3).

Nothofagus forest.—This term applies
to the austral cool temperate torests in
southern Argentina and Chile domi-
nated by various species of southern

beech (Nothofagus) and conifers
( Araucaria, Cupressoides, Fitzroya);

see Formas (this volume) for a de-
tailed discussion (Fig. 15:4).
Paramo.—The vegetation above tree

line (2600-3500 m) in the northern

Andes and Mérida Andes generally is
composed of low (<1 m) herbaceous
vegetation with some woody bushes
(especially Baccharis), cushion plants
( Distichia ), grasses (especially Fes-
tuca), and in northern Ecuador, Co-
lombia, and Venezuela the character-
istic composites Espeletia (Fig. 15:5).
Patagonian scrub.—This cold-adapted,
xerophilic vegetation formation charac-
teristic of Patagonia ascends the eastern
slopes of the Andes in central Argentina
to elevations of about 3500 m and exists
in local areas in Chile west of Andean
passes (Fig. 15:6). Bushes ( Mulinum,
Berberis, and others) are mixed with
grasses (Festuca, Poa, Stipa), herbs
(Senecio, Acaena, cte.), and some low
spiny sclerophylls ( Ephedra, Adesmia,
etc. ).

Puna.—The montane habitat above tree
line that is drier than paramo and ex-
tends from southern Ecuador to north-
ern Argentina is called puna. The puna
is dominated by bunch grasses (Fes-
tuca, Poa, and especially Stipa): in
many extensive areas, grasses are the
only evident vegetation (Fig. 15:7).
Composites, such as Baccharis, Lepi-
dophyllum, and Senecio, are wide-
spread, whereas low trees (Polylepis)
and cushion plants (principally the
umbellifer Azorella) are local in their
distributions. In many areas the puna

grasses are grazed by domestic herds of
sheep, llamas, and alpacas (Fig. 15:8).

8. Rainforest—The lowland and lower
montane (<1000 m) rainforests are
not part of the Andean vegetation;
notation of the occurrence of a species
in this habitat indicates that it inhabits
rainforest in addition to some Andean
habitat, usually cloud forest.

9. Subpdramo.—A localized ecotone be-
tween cloud forest and paramo occurs
sporadically at elevations of 2700 to
3500 m along the eastern Andean front
from Colombia to Bolivia. Usually the
vegetation consists of stunted, closely
packed trees (Polylepis) or bushes
( Baccharis) heavily laden with mosses
and in some areas supporting many
bromeliads (Fig. 15:9). The bamboo
(Chusquea ) usually is present.

10. Valley vegetation—This term is ap-
plied to the vegetation of the high
inter-Andean valleys, which for cen-
turies have been modified by man so
that remaining grasses have been
ograzed, and fields are devoted to crops,
principally wheat and potatoes. The
numerous rock fences and irrigation
ditches provide suitable habitats for
many kinds of amphibians and reptiles
(Fig. 15:10).

The taxonomy of many Andean amphib-
ians and reptiles is known inadequately.
Thorough taxonomic studies are needed for
frogs of the genus Telmatobius (currently
being studied by Linda Trueb), lizards of the
genus Proctoporus (currently being studied
by Thomas H. Fritts), and snakes of the genus
Atractus. Taxonomic problems still remain in
the large iguanid lizard genus Liolaemus and
the hylid frog genus Gastrotheca. Based on
the recent rate of acquisition of new species
of frogs of the genera Centrolenella, Colo-
stethus, and Eleutherodactylus, many more
species remain to be discovered in unexplored
and poorly collected ranges and valleys. At
the present time the Ecuadorian Andes, Meé-
rida Andes, Cordillera de la Costa in Vene-
zuela, and southern Chilean Andes probably
are the best-known regions, whereas the Cor-
dillera Central in Perti, Cordillera Oriental
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Fic. 15:1. Arid slopes on the west face of the
Chile.
Laderas dridas en el lado oeste de los Andes, 6 km E Lo Valdés, 2250 m, Provincia de Santiago, Chile.
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Fic. 15:2. Cloud forest in Cordillera de la Costa, Rancho Grande, 1100 m, Estado de Aragua, Venezuela.
Selva de neblina en la Cordillera de la Costa, Rancho Grande, 1100 m, Estado de Aragua, Venezuela.
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Fic. 15:3. Dry forest in an eastern valley, 15 km S Quiroga, 1750 m, Departamento de Cochabamba, Bolivia.
Selva seca en un valle del este, 15 km S Quiroga, 1750 m, Departamento de Cochabamba, Bolivia.

Fic. 15:4. Nothofagus forest at Lago de Huechulafquen, 900 m, Provincia de Neuguén, Argentina.
Selvas de Nothofapus en el Lago de Huechulafquen, 900 m, Provincia de Neuguén, Argentina.
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Fic. 15:5. Piramo dominated by Espeletia in Piramo El Angel, 14 km SW Tulcin, 3340 m, Provincia de

Carchi, Ecuador.
Paramo dominado por Espeletia en el Pdramo El Angel, 14 km SO Tulcdn, 3340 m, Provincia de Carchi

Ecuador.

Fic. 15:6. Patagonian scrub, with scattered Adesmia, on south slope of Paso El Choique, 1950 m, Provincia
de Mendoza, Argentina.

Matorral patagonico, con Adesmia dispersas, en la ladera sur del Paso El Choique, 1950 m, Provincia de
Mendoza, Argentina.
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Fic. 15:7. Bunch grass puna, Pampas de Ramoseruz, 31 km W Orcos, 4120 m, Departamento de Ayacucho,
Peru.

Puna con pasto en champas, Pampas de Ramosecruz, 31 km O Orcos, 4120 m, Departamento de Ayacucho,
Peru.

Fic. 15:8. Rocky puna, Altiplano, 38 km W Challa, 4300 m, Departamento de Cochabamba, Bolivia.
Puna rocosa, Altiplano, 38 km O Challa, 4300 m, Departamento de Cochabamba, Bolivia.
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Fic. 15:9. Subparamo on Abra de Zamora, 2850 m, Provincia de Loja, Ecuador.
Subpdramo en Abra de Zamora, 2850 m, Provincia de Loja, Ecuador.

Fic. 15:10. Terraced valley at Puquina, 2900 m, Departamento de Moquegua, Per.
Valle de andenes en Puquina, 2900 m, Departamento de Moqguegua, Peru.
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in northern Peru, Cordillera Oriental in Bo-
livia, and the Andes of northern Argentina
probably are the poorest-known regions. De-
spite these limitations of the data and in-
complete knowledge of the taxonomy, it is
reasonable to determine broad distributional
patterns and to interpret these patterns on the
basis of generalized phylogenetic relation-
ships and historical events in the Andes. Fi-
nally, an apology. I have written more about
(and hopefully most accurately) the regions
(northern Andes) and organisms (frogs) with
which I am most familiar.

PATTERNS OF DISTRIBUTION

Each of the six major Andean units is
discussed with respect to 1) historical geol-
ogy, 2) physiography, 3) climate, and 4)
herpetofauna. With the exception of the lat-
ter, the reader is referred to Simpson (this
volume ) for more complete discussions. The
distributional data on the herpetofauna are
summarized in Appendices 15:1-3.

Venezuelan Andes

The highest mountains in Venezuela are
the Mérida, or Venezuelan, Andes. The com-
plex ranges and intermontane valleys that
comprise these mountains have a length of
about 400 km and breadth of about 100 km
(Oppenheim, 1937). The highest elevation is
5002 m on Pico Bolivar: snow line is between
4600 and 4700 m (Jahn, 1934). The Merida
Andes are separated from the Cordillera Ori-
ental by elevations of less than 600 m in the
Depresion de San Cristobal, or Chcuta, at the
Colombian-Venezuelan border. According to
Liddle (1946), the Mérida Andes were dis-
tinct from the main chain of the Andes until
the end of the Eocene; the last orogeny began
in the Oligocene and continues to the present
(Shagan, 1975). According to Schubert
(1974 ), significantly high elevations were at-
tained only late in the Pleistocene. Paramo
habitats, which descend to 2400 m in some
places, comprise only 3500 sq km of area in
the Mérida Andes (Jahn, 1931).

The Cordillera de la Costa had a similar
geological history of uplift as the Meérida
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Andes (Liddle, 1946); but the Cordillera de
la Costa apparently was uplifted little or not
at all in the Quaternary. Although some
workers (e.g., Rivero, 1964) distinguish two
major physiographic regions of the Cordillera
de la Costa (Serrania del Litoral including
the Serrania de Paria, and Serrania del In-
terior including the serranias incorporating
Cerro Turumiquire and Cerro Periquito), 1
have recognized one major unit, the Cordil-
lera de la Costa, and two isolated small
ranges—the Serrania de Paria and Cerro Tu-
rumiquire. The Cordillera de la Costa is sep-
arated from the Mérida Andes by the low
(#3500 m), subhumid Depresion de Bar-
quisimeto. The highest peak in the Cordillera
de la Costa is Pico Naiguata at 2765 m
(Aguerrevere and Zuloaga, 1937): this and
13 other peaks more than 2000 m are in the
littoral section of the cordillera, which rises
abruptly from the Caribbean coast (Fig. 15:
11). The interior section of the Cordillera
de la Costa is broad and has few peaks ex-
ceeding 1000 m. Disjunct to the east is Cerro
Turumiquire (2630 m). The Depresion de
Unare separates the main part of the Cor-
dillera de la Costa from the narrow ranges on
the peninsulas of Araya and Paria, where
only two peaks exceed heights of 800 m
(Davey, 1949). The higher (>850 m)
northern (seaward) slopes of the cordillera
support luxuriant cloud forest, which dis-
integrates into dry forest on most of the lee-
ward slopes. Cloud forest occurs at elevations
above 1500 m on Cerro Turumiquire and as
low as 600 m in the Serrania de Paria.

In addition to the general references cited,
distributional data for the Venezuelan high-
lands were obtained from Donoso-Barros
(1968), Rivero (1963a,b, 1964, 1968, 1972,
1974), Rivero and Mayorga (1973), Test, Sex-
ton and Heatwole (1966), Williams (1974),
and Williams, et al. (1970). Published data
were supplemented by information provided
by Scott J. Maness and by material collected
by me in 1974.

Forty-eigcht amphibians and 32 reptiles oc-
cur principally at elevations of more than
1000 m in the Venezuelan highlands.! Of

'Rivero (1976”7 [1978]) named three additional
species of frogs (Colostethus) from the Meérida
Andes,
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Fic. 15:11. The Venezuelan Andes. A. Mérida Andes; B. Cordillera de la Costa; C. Cerro Turumiquire;

D. Serrania de Pana.

Los Andes venezolanos. A. Los Andes de Mérida. B. Cordillera de la Costa. C. Cerro de Turumiquire.

D. Serrania de Paria.

these, only six are confined to elevations of
more than 2500 m. All six occur in the Mérida
Andes and include four frogs ( Eleutherodac-
tylus boconoensis, E. ginesi, E. lancinii, Atelo-
pus mucubajiensis) and two lizards (Anadia
bitaeniata, A. brevirostris). Only three other
species exceed 2500 m—the salamander, Bo-
litoglossa orestes, and the frog, Centrolenella
buckleyi. in the Mérida Andes, and the frog,
Colostethus mandelorum, on Cerro Turumi-
quire.

Only four species are known from the
Serrania de Paria and seven from Cerro Tu-
rumiquire, each having three and five en-
demic species, respectively.® Of the 46 species
in the Cordillera de la Costa, 34 are endemic.
Thus, in these three areas, specific endemism
is 71-75 percent. Only 18 (56%) of the 32
species in the Mérida Andes are endemic.
Despite the low (600 m) separation of the
Mérida Andes from the Cordillera Oriental
in Colombia, seven species occur in both cor-

*S. ]. Gorzula (pers. comm.) collected six additional
species of frogs (2 Eleutherodactylus, 3 Centrole-
nella, and Flectonotus) in the Serrania de Paria in
1978.

dilleras. Two widespread frogs ( Hyla labialis
and Centrolenella buckleyi) inhabit subpara-
mo and paramo from 2000 to 2700 m in the
Mérida Andes and similar habitats at 2400 to
3000 m (Hyla) and 2100 to 3400 m ( Centro-
lenella) in Colombia. The other species—
Gastrotheca nicefori (1575 m), Anolis nigro-
punctatus (1200 m), Chironius monticola
(1000-1600 m), Leimadophis bimaculatus
(1400-2500 m), and Micrurus mipartitus
(800-2000 m) inhabit cloud forest on both
sides of the Depresion de San Cristébal.
Other species in the Mérida Andes have at-
finities with species in the Colombian Andes.
Atelopus oxyrhynchus and A. mucubajiensis
are members of the Atelopus ignescens group,
which is speciose in Colombia and Ecuador
and occurs in the Sierra Nevada de Santa
Marta (Rivero, 1963b). Hyla platydactyla is
a member of the Hyla bogotensis group con-
taining four species in the main Andean cor-
dillera. One salamander ( Bolitoglossa savaget,
1000-2000 m) and one snake (Micrurus mi-
partitus, 1600-2000 m) occur in the Merida
Andes and the Sierra Nevada de Santa Marta
in northern Colombia.
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The major faunal affinities between the
Mérida Andes and Cordillera de la Costa are
among six snakes—Atractus badius, Chironius
monticola, Dendrophidion percarinatus, Lam-
propeltis triangulum, Leimadophis zweifeli,
and Micrurus mipartitus, all but two of which
have lower distributional limits of less than
1000 m. No frogs or lizards are shared by
the two cordilleras.

Two species of frogs (Colostethus her-
minae and Eleutherodactylus wurichi) are
shared between the Cordillera de la Costa
and Cerro Turumiquire; the Eleutherodacty-
lus also occurs in the Serrania de Paria and
on Trinidad. According to John D. Lynch
(pers. comm.), many of the Eleutherodacty-
lus in the Cordillera de la Costa have affinities
with West Indian species rather than with
those in the Andes of Colombia and Ecuador.
This faunal relationship also appears in the
hylid frog Flectonotus pygmaeus that inhabits
the Cordillera de la Costa and Isla Tobago
north of Trinidad. Two other species are in-
cluded in the genus—F. fitzgeraldi on Trini-
dad and F. fissilis in the highlands of south-
eastern Brasil.

Five inhabitants of cloud forest in the
Venezuelan highlands (2 frogs—Gastrotheca
nicefori, Centrolenella fleischmanni; 3 snakes
—Dendrophidion percarinatus, Lampropeltis
triangulum, Micrurus mipartitus) also occur
in cloud forests in lower Central America.
The hylid frog, Phyllomedusa medinae, be-
longs to a group having a species in lower
Central America ( P. lemur), one on the east-
ern slopes of the Andes in Ecuador (P. buck-
leyi), and an unnamed species on the Pacific
slopes in Colombia (Duellman, 1970).

Two monotypic genera of snakes (Umbri-
vaga mertensi and “Urotheca”™ williamsi) are
endemic to the Cordillera de la Costa. No
species are shared with the Guiana Highlands.

Thus, each of the four regions of the
Venezuelan highlands has endemic species of
amphibians and reptiles; those of the two
small highland areas (Cerro Turumiquire and
Serrania de Paria) seem to have been derived
from the Cordillera de la Costa, which shares
few species with the Mérida Andes (Fig. 15:
12). Thirty-two species occur in the Meérida
Andes, as compared with 103 species in the
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Cordillera Oriental in Colombia; only seven
species are in common. The most speciose
genera in the Venezuelan highlands are Eleu-
therodactylus, Colostethus, Centrolenella,
Anolis, Anadia, and Atractus, all of which are
widespread and diverse in humid lowland
and foothill habitats. Therefore, it seems most
likely that the species of these genera that
are endemic to the highlands were derived
from lowland ancestral stocks. A minor per-
centage of the fauna of the Mérida Andes ap-
parently was derived from highland stocks in
the Cordillera Oriental of Colombia. In the
latter group are Bolitoglossa orestes, B. sa-
vagei, Atelopus mucubajiensis, A. oxyrhyn-
chus, Gastrotheca nicefori, Hyla labialis, Hyla
platydactyla, Centrolenella buckleyi, and An-
olis nigropunctatus. Certainly in contrast to
the Colombian and Ecuadorian ranges of the
Andes, the fauna of the Mérida Andes is
depauperate; this suggests that the Depresion
de San Cristobal has been an effective barrier
to the dispersal of most highland groups.
Furthermore, the recency of elevation of the
Mérida Andes, combined with late Pleisto-
cene glaciation of the small areas now sup-
porting paramo. may be partly responsible
for the few high montane species of amphib-
ians and reptiles.

Sierra Nevada de Santa Marta

An isolated volcanic range, the Sierra
Nevada de Santa Marta, consists of an area
of only about 16,000 sq km. The highest ele-
vations, such as Pico Cristobal Colon at 5775
m, are perpetually covered with snow. The
sierra rises abruptly from the Caribbean
coastal plain and is narrowly separated by
arid lowlands at elevations of less than 500 m
from the northern part of the Cordillera Ori-
ental of the Andes: the northern part of the
cordillera along the Colombian-Venezuelan
border is the Sierra de Perija, which attains
elevations of 3750 m. The first uplift of the
Sierra Nevada de Santa Marta was in the
Miocene, but the final uplift did not occur
until the end of the Pleistocene (Gansser,
1955). According to Carriker (1922), cloud
forest occurs at elevations of 1385 to 2200 m,
but I have observed cloud forest on Cerro
San Lorenzo (= Cerro Kennedy ) at 2700 m.
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Fic. 15:12. Herpetotaunal comparisons of the regions of the Venezulan Andes and adjacent areas. Numbers
in blocks are number of species/number of endemic species; numbers of shared species are within arrows. CC
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Comparaciones faunisticas de la herpetofauna de las regiones de los Andes venezolanos y dreas adyacentes.
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Paramo exists above tree line to the lower
limits of snow at about 4900 m (Carriker,
1922).

The basis for a discussion of the herpeto-
fauna of the Sierra Nevada de Santa Marta is
Ruthven’s (1922) account, supplemented by
my own field work in June 1974. Ruthven’s
taxonomy was modified by Brame and Wake
(1963), Cochran and Goin (1970), Lynch
(1975b, 1978a), Oftedal (1974), and Rivero
(1963b).

Of the 21 species of amphibians and rep-
tiles known from the paramo and cloud forest
on the Sierra Nevada de Santa Marta, 16 are
endemic. Four of the nonendemic species
also occur in the Cordillera Oriental of the
Andes. Of these, one frog, Eleutherodactylus
prolivodiscus, and a teiid lizard, Anadia pul-
chella, occur at elevations of 2100 to 2700 m
in the Cordillera Oriental. The frog Ambly-
phrynus ingeri inhabits cloud forests at 1720
to 1980 m in the Cordillera Oriental and the
Cordillera Central. The snake Micrurus mi-
partitus occurs at elevations of less than 2000
m in the Colombian Andes, Sierra Nevada de
Santa Marta, Mérida Andes, Cordillera de la
Costa, and highlands in lower Central Amer-
ica. The salamander, Bolitoglossa savagei, in-
habiting cloud forest at 1000 to 2100 m in the

Sierra Nevada de Santa Marta also occurs at
2000 m in the Mérida Andes (Brame and
Wake, 1963).

Of the 16 endemic species, three frogs
( Atelopus carrikeri, A. walkeri, Centrolenella
sp. “P”") have relatives in the Cordillera
Oriental and in the Mérida Andes. Two frogs
(Colostethus sp. “A,” Cryptobatrachus bou-
lengeri) have relatives in the Colombian An-
des. The relationships of the enigmatic frog
Geobatrachus walkeri are unknown. The rep-
tiles ( Pseudogonatodes, Anolis, Atractus) and
two frogs that are members of the Eleuthero-
dactylus fitzingeri group (E. carmelitae and
E. insignitus) have many congeners in the
lowlands. The other species of Eleutherodac-
tylus are members of the Eleutherodactylus
unistricatus group and have relationships
with species in the Cordillera de la Costa in
Venezuela (John D. Lynch, pers. comm.).

The apparent absence of tree frogs of the
Hyla bogotensis group and Gastrotheca is
noteworthy: both are represented by numer-
ous species in the cloud forests in the Co-
lombian Andes.

On the basis of the limited information
available, it seems that some of the herpet-
ofauna of the Sierra Nevada de Santa Marta
might have been derived from the Cordillera
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de la Costa in Venezuela, some from the
Mérida Andes, some from the Cordillera Ori-
ental, and some from the surrounding low-
lands (Fig. 15:13). With the exception of
the widespread Micrurus mipartitus, no spe-
cies are shared with the Central American
highlands. Much exploration remains to be
done in the Sierra Nevada de Santa Marta, a
region that probably has many more species
than known at present. Also, the geographi-
cally important but biologically unexplored
Sierra de Perija may hold the key to under-
standing the faunal relationships of the Sierra
Nevada de Santa Marta.

Northern Andes

The northern Andes are comprised of five
major north-south ranges diverging from the
Nudo de Pasto and a series of high intermon-
tane basins in Ecuador; the entire northern
Andes extend for about 1800 km from the
Caribbean lowlands at 10°50’N to the Huan-
cabamba Depression at 4°3(0'S. Central to
the physiography of the northern Andes is the
high massif of the Nudo de Pasto in southern
Colombia and northern Ecuador (Fig. 15:
14). The Nudo de Pasto encompasses a
north-south extent of about 110 km and a
breadth of about 130 km. The nudo is bor-

dered to the northwest by the Rio Patia, to
the northeast by the headwaters of the Rio
Caqueta, and to the south by the Rio Chota.
Much of the nudo is above 3000 m with two
peaks, Volecan Chiles and Volein Cumbal,
reaching 4760 m.

The Andes north of the Nudo de Pasto
form three distinet ranges. The western range,
the Cordillera Occidental extends for about
650 km between the Pacific lowlands and the
valley of the Rio Cauca. The southern border
is the Rio Patia; the dry upper valley of the
river at about 1200 m separates the Cordillera
Occidental from the Nudo de Pasto. The
Cordillera Occidental is narrow (<50 km)
and lacks continuous high ridges; the two
highest peaks are Cerro Tamana (4200 m)
and Pico Frontino (40580 m).

The Cordillera Central extends 750 km
north from the Nudo de Pasto; this range
about 100 km in width is bordered on the
west by the valley of the Rio Cauca and on
the east by the valley of the Rio Magdalena.
Extensive areas are above 3000 m, and four

peaks with permanent snow exceed 5000 m
—Nevado del Huila (5760 m), Nevado del
Quindio (5400 m), Nevado del Ruiz (5400
m ), and Nevado del Tolima (5215 m).

The Cordillera Oriental is narrowly sep-
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Fic. 15:14. The northern Andes. A. Sierra Nevada de Santa Marta; B. Cordillera Occidental de
Colombia: C. Cordillera Central de Colombia: D. Cordillera Oriental de Colombia; E. Nudo de Pasto;
F. Cordillera Occidental de Ecuador; G. Cordillera Oriental de Ecuador; H. Huancabamba Depres-
sion. The inter-Andean Basins lie between the Cordillera Occidental and the Cordillera Oriental in
Ecuador.

Los Andes del norte. Las hoyas interandinas estdn entre la Cordillera Occidental y la Cordillera
Oriental en Ecuador.
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arated from the Nudo de Pasto by the upper
Rio Caqueta Valley at about 1200 m and
extends about 1200 km north-northeastward
to about 10°50’N, where the northern part of
the cordillera closely approximates the dis-
junct Sierra Nevada de Santa Marta. The
Cordillera Oriental reaches a width of 200 km
where the topography is a complex array of
ranges and basins. With the exception of the
northern one-fourth of the cordillera, there
are large areas at elevations above 3000 m;
the highest peak is the Nevado del Cocuy
(5493 m ). Lying to the east of the Cordillera
Oriental is the isolated Serrania de la Maca-
rena which reaches elevations of more than
2000 m.

South of the Nudo de Pasto, the Cordillera
Occidental of Ecuador extends southward for
about 500 km. The Cordillera Occidental is
limited in the north by the dry valley of the
Rio Chota at about 1500 m and in the south
by the dry valley of the Rio Jubones at about
900 m. The elevation of the entire southern
two-thirds of the cordillera exceeds 3000 m.
Many volcanoes in the cordillera exceed 4500
m; the highest is the majestic Volcin Chim-
borazo (6310 m), capped with snow and gla-
ciers and the highest peak in the Andes north
of Per.

The Cordillera Oriental of Ecuador is con-
tinuous with the Nudo de Pasto and extends
southward for about 620 km to the Huanca-
bamba Depression. Unlike the western cor-
dillera, the high elevations of the Cordillera
Oriental are interrupted by the valleys of the
Rio Pastaza, Rio Paute, and Rio Zamora.
The eastern cordillera has many volcanoes,
the highest of which, Volein Cayambe,
reaches 5790 m: three volcanoes over 5000 m
are active—Volcan Cotopaxi, Volcan Sangay,
and Volcan Tungurahua. Whereas the Cor-
dillera Occidental drops precipitously to the
Pacific lowlands, the Cordillera Oriental
slopes much more gradually into the Amazon
Basin. Three disjunct highland areas rise
from the foothills of the Cordillera Oriental
Cerro Sumaco (3900 m), Cordillera de Cu-
tuct (2200 m), and Cordillera del Condor
(2450 m).

Between the eastern and western cordil-
leras in Ecuador are 10 basins (cuencas or

Fic. 15:15. The Inter-Andean Basins of Ecuador.
A. Tulean; B. Ibarra; C, Otavalo; D. Quito; E.
Latacunga; F. Riobamba; G. Alausi; H. Cuenca;
I. Saraguro; J. Loja. Area between 3000 and 5000
m is shaded.

Las hoyas interandinas de Ecuador.
entre 3000 y 5000 m estan sombreadas.

Las dreas

hoyas) that are separated by transverse ridges
(nudos) completely or partially separating
the basins and in most cases connecting the
castern and western cordilleras. The basins
have elevations ranging from 2000 to 3100 m
(Fig. 15:15).
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The northern Andes have received con-
siderable geological study (Burgl, 1961; Herd
and Naeser, 1974; Sauer, 1965, 1971; Shagam,
1975) and intensive palynological investiga-
tion (van der Hammen, et al., 1973; van der
Hammen. 1974). The conclusions of these
workers and Simpson (this volume) indicate
that the northern Andes probably had few
areas over 1000 m above sea level at early
Pliocene time. The major orogeny occurred
at the end of the Pliocene with the uplitt of
the eastern cordilleras taking place before that
of the western cordilleras. The absence of
evidence of glaciation on some high peaks
suggests that their final uplift occurred atter
the last major glaciation. Nonetheless, most
areas above 3700 m were glaciated; climatic
depression was in the magnitude of 6-7°C
with a downward shift of environments of
about 1000 to 1200 m {(van der Hammen,
1974).

The extensive areas above tree line are
humid and cool with annual precipitation of
1000 to 2000 mm and little seasonal fluctua-
tion in temperature, but daily variation of
10°C or more (Cuatrecasas, 1968). These
areas of paramo have grasses (Festuca),
rosette herbs ( Espeletia and Senecio ), cushion
plants ( Distichia), and low bushes ( Baccha-
ris). The western slopes of the Cordillera
Occidental and the eastern slopes of the Cor-
dillera Oriental from the Depresion de San
Cristobal southward support luxuriant cloud
forests. These humid montane forests also
occur locally in the Cordillera Central, espe-
cially in the northern part. Subparamo is
common but localized in the eastern and
western cordilleras. The inter-Andean basins
in Ecuador possibly were subparamo prior to
human modification into cultivated fields and
grazing of livestock.

In addition to the general publications al-
ready cited, T have drawn information from
the works on anurans by Duellman (1972,
1973 ). Duellman and Altig (1978 ), Duellman
and Simmons (1977), Lynch (1975a.b, 1976a.
1979), Lynch and Duellman (1973, 1979).
Myers and Daly (1976a.b), and Peters
(1973). The works Myers (1973, 1974) and
Savage (1960) on colubrid snakes also were
used. Much of the distributional data is
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based on the extensive collections in the Mu-
seum of Natural History at The University
of Kansas and in the National Museum of
Natural History.

Herpetologically, the northern Andes have
the richest fauna in the continent; 415 (57%)
of the 727 Andean species occur in this region.
Of these, 345 species (83%) are endemic to
the northern Andes. The taxonomic disposi-
tion of the 415 species (number of endemics
in parentheses) is caecilians 15 (12), sala-
manders 11 (11), frogs 262 (225),* lizards 54
(40), snakes 73 (57). Seven genera (Am-
phignathodon, Centrolene, Osornophryne,
Phenacosaurus, Pholidobolus, Saphenophis,
Synophis) are endemic to the northern Andes,
and one (Cryptobatrachus) is endemic save
for one species in the Sierra Nevada de Santa
Marta.

Of the 70 species having ranges extending
beyond the limits of the northern Andes, 43
also are present in the adjacent lowlands.
Some of these also occur in the central Andes,
especially species that inhabit rainforest and
cloud forest. Thus, 15 species are shared be-
tween the Cordillera Oriental in Ecuador and
the Cordillera Central in Peru, and 20 are
shared between the former and the Cordillera
Oriental in Perti. Fourteen species on the
Pacific slopes of the Cordillera Occidental in
Colombia and Ecuador, and/or the northern
parts of the Colombian cordilleras are shared
with the highlands in lower Central America;
these include six frogs (Gastrotheca nicefori,
Hemiphractus fasciatus. Centrolenella fleisch-
manni, C. griffithsi, C. prosoblepon, C. val-
erioi) . five lizards ( Anolis antonii, A. chloris,
Basiliscus galeritus, Polychrus gutturosus, Pri-
onodactylus vertebralis), and three snakes
( Dendrophidion percarinatus, Micrurus mi-
partitus, Bothrops schlegeli). With the ex-
ception of Gastrotheca nicefori and Centrole-
nella griffithsi, all of these species range well
below 1000 m. As noted previously, four
species are shared with the Sierra Nevada de

*Not included in these figures or in Appendix 15:2
are Atelopus carauta from 1300 m in the Cordillera
yecidental of Colombia (Ruiz and Hernandez
(1978) or Colostethus abditaurantius from 1450 m
in the Cordillera Central of Colombia (Silverstone,
1975).
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Santa Marta, and seven are shared with the
Mérida Andes.

If only those species that do not occur
below 2500 m are considered, 72 of the 73
species are endemic to the northern Andes.
The exception is the boid snake Tropidophis
taczanowskyi, which inhabits the Cordillera
Oriental in Ecuador and the Cordillera Cen-
tral in Peru.

Within the northern Andes, only two spe-
cies, Centrolenella buckleyi (2100-3400 m
in subparamo and paramo) and Eleuthero-
dactylus w-nigrum (1230-2800 m in cloud
forest and subparamo) occur in all seven re-
gions. Eleutherodactylus vertebralis (2340~
3500 m in subparamo and paramo) occurs in
the three Colombian cordilleras, the Nudo
de Pasto, and the Cordillera Occidental in
Ecuador. Four species of frogs (Eleuthero-
dactylus buckleyi, E. unistrigatus, Atelopus
ienescens, and Gastrotheca riobambae) dis-
tributed mostly above 2500 m occur in four
regions; three snakes (Chironius monticola,
Rhadinaea lateristriga, and Micrurus miparti-
tus) distributed below 2000 m also occur in
four regions. Of the remaining 405 species in
the northern Andes, 155 species occur in two
or three regions, and 250 are endemic to a
given region, with the largest number of en-
demics in the Cordillera Oriental in Ecuador
(74) and the Cordillera Occidental in Ecua-
dor (65), but with the highest percent of
endemism in the Cordillera Central in Co-
lombia (54%).

The highest faunal similarities among the
seven regions in the northern Andes are be-
tween the eastern cordilleras in Colombia and
Ecuador (45 species in common) and the
western cordilleras in Colombia and Ecuador
(33 species in common) (Fig. 15:16). The
low number of species (23) and endemics (1
lizard, Proctoporus laevis) in the Nudo de
Pasto reflects a bias in the analysis; only high
elevations ( >2500 m) were assigned to the
nudo. The herpetofauna of the inter-Andean
basins is composed mostly of species also in-
habiting the adjacent cordilleras. Only three
(2 lizards—Pholidobolus montium.
Proctoporus occulatus; 1 snake—Atractus leh-
manni) are restricted to the basins. The

species

NO. 7

southernmost basin ( Loja) is considered to be
part of the Huancabamba Depression.

Only considering those 73 species that do
not occur below 2500 m. a much different
picture is evident (Fig. 15:17). Endemism in
each region ranges from 20 percent in the
Nudo de Pasto to 100 percent in the Cordil-
lera Occidental in Colombia. Whereas the
eastern cordilleras in Colombia and Ecuador
and the western cordilleras in Colombia and
Ecuador shared the greatest numbers of spe-
cies when the entire fauna was considered, in
an analysis of only the high montane species,
they have no species in common.

The greatest species richness and highest
percentage of endemism in the northern An-
des is amongst the frogs (especially Colo-
stethus, Eleutherodactylus, and Centrole-
nella), which form 60 percent of the entire
Andean herpetofauna, but 65 percent in the
northern Andes and 71 percent in the Cor-
dillera Oriental in Ecuador. Although the
entire fauna in the equatorial cordilleras is
large, local communities are much smaller.
Altitudinal and latitudinal changes in com-
munity composition result in localized faun-
ules in the cloud forest, subparamo, and par-
amo, with generally decreasing numbers of
species at higher altitudes. Equatorial tran-
sects in the Cordillera Occidental and Cor-
dillera Oriental reveal the presence of 62 and
79 species, respectively (Fig. 15:18). On the
eastern slopes there is a dimunition of species
at about 2000 m; this is especially evident
upon examining the altitudinal distribution of
individual species (Fig. 15:19). Analysis of
broad latitudinal distributions of species on
the eastern slopes of the Cordillera Oriental
shows that even at lower elevations (1000~
1500 m) more than one-third of the species
have limited distributions, whereas this per-
centage nearly doubles at elevations above
2500 m (Table 15:1).

High species richness, especially for anu-
rans, in the equatorial cordilleras can be
ascribed to the equable conditions with mod-
erate to cool temperatures and high humidity
relatively constant throughout the vear.
Local endemism, especially in the Cordillera
Oriental in Ecuador, most likely is due to the
discontinuous highlands.
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TapLE 15:1.—Latitudinal Distribution of 79 Species of Amphibians and Reptiles on the Andean Slopes of
Ecuador.

S —— —

Ecuador Ecuador Colombia
Ecuador and and Ecuador

Elevation N Only Colombia Peri Peri
1000-1500 m . 44 17 (38.6%) 15 (34.1%) 6 (13.67) 6 (13.6%)
1500-2500 m . - 43 25 (58.6%) 10 (22.7%) 6 (13.6%) 2 (04.5%)
2500 m 17 11 (64.7%) 6 (35.3%) 0 (00.0%) 0 (00.0%)

Huancabamba Depression

Along the entire length of the main range
of the Andes there is only one pass below tree
line. This is in the complex system of low
ranges and basins collectively referred to as
the Huancabamba Depression in northern
Peri and extreme southern Ecuador. Here,
the northern extremity of the Cordillera Occi-
dental of Perti is breached by the Abra de
Porculla at 2145 m. In the Huancabamba
Depression, the major cordilleras either termi-
nate or fragment into isolated ranges usually
less than 3500 m high and separated by val-
leys mostly between 1000 and 2000 m above
sea level (Fig. 15:20). Several small rivers
drain the Pacific slopes, but east of the con-
tinental divide, all streams eventually flow
into the Rio Maranoén. The interior basins are
dry and support dry forest dominated by
legumes and cacti. Except for the eastern
front ranges, the east slopes are also dry,
whereas the tops of ridges above 3000 m and
the upper western slopes have a low cloud
forest with many bromeliads.

At the Huancabamba Depression there is
a structural deflection of the Andean faults.
There were extensive marine transgressions
through this area in the Cretaceous ( Ham and
Herrera, 1963). The northern Peruvian Andes
were uplifted only moderately prior to the
Pliocene; the present elevations and drainage
patterns were probably attained in the Pleis-
tocene (Steinmann, 1930; Harrington, 1956;
Gansser, 1973).

Few papers have been published dealing
with the fauna of the Huancabamba Depres-
sion, but information on the distribution of
some of the taxa can be found in Barbour and
Noble (1920b), Noble (1921), Vellard
(1959), Duellman and Fritts (1972), Duell-
man (1974), Fritts (1974), Trueb and Duell-
man (1978), and Lynch (1979).

Forty-three species of amphibians and rep-
tiles, exclusive of predominantly lowland taxa,
are known from the Huancabamba Depres-
sion: 29 species, including the monotypic gen-
era Polychroides and Macropholidus, are en-
demic to the region.* The endemics include
10 frogs, 10 snakes, and 9 lizards, six of the
latter are members ot the genus Stenocercus,
most species of which occur southward in
Perti. Five of the frogs are Eleutherodactylus
and two are aquatic Telmatobius.

Six species occur in the depression and in
the Andes to the north, and two species occur
in the Andes to the south and in the depres-
sion. Two species (1 frog—Eleutherodactylus
cajamarcensis; 1 snake—Philodryas simonsii)
occur in the depression and in the Andes to
the north and south; 21 species occur on the
Andean slopes to the north and south but not
in the depression (Fig. 15:21). Those species
in the latter group are primarily inhabitants
of cloud forests and rainforest on the eastern
slopes of the Andes; 10 of the species are
widely distributed at elevations below 1000
m, and only one snake (Tropidophis tacza-
nowskyi) is not known from below 2000 m.

Just as the Huancabamba Depression is a
barrier to north-south dispersal of Andean
species, it is a dispersal route between the
arid Pacific lowlands and the Rio Maranon
Valley. Several predominantly lowland taxa
( Phyllodactylus, Tropidurus, Leptodeira) are
so distributed.

Central Andes

The Central Andes compose the most mas-
sive part of the Andean highlands (Fig. 15:
22). The Cordillera Occidental forms the
backbone of the Andes south of the Huan-

*The recently described colubrid snake, Sibynomor-
phus oneilli, also is endemic (Rossman and Thomas,
1979).
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Fic. 15:16. Herpetofaunal comparisons of the regions of the northern Andes. Numbers in
blocks are numbers of species/number of endemic species; numbers of shared species are
within arrows. CCC = Cordillera Central de Colombia: COcC = Cordillera Occidental de
Colombia; COcE = Cordillera Occidental de Ecuador; COrC = Cordillera Oriental de
Colombia; COrE = Cordillera Oriental de Ecuador; IAB = Inter-Andean Basins: NP = Nudo
de Pasto, One species is in common between CCC and IAB.

Comparaciones faunisticas de la herpetofauna de las regiones de los Andes del norte.
Numeros dentro de blogues representan numero de especies/niumero de especies endémicas;
el namero de especies en conmun estan en las flechas. Una especies es compartida por CCC

iy IAB.




1979

DUELLMAN: HERPETOFAUNA OF ANDES

L

—

COcC

2/2

CCC

18713

COrC

16713

NP
5/l

—— O —

COcE

19/9

—.i &

6

|

e

COrE

30/22
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Fic. 15:18. Species abundance at different elevations along equatorial transects of the Andes in Ecuador:

reptiles are shaded and amphibians are open symbols.
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Fic. 15:19. Altitudinal distribution of amphibians (solid lines) and reptiles (broken lines) along an equa-

torial transect of the Cordillera Oriental in Ecuador.

Distribucion altitudinal de anfibios (en lineas continuas) y reptiles (en lineas discontinuas) a lo largo de

transect ecuatorial en la Cordillera Oriental en Ecuador.

cabamba Depression. Originating at about
6°S Lat., the western Cordillera reaches ele-
vations in excess of 4000 m at 8§°S Lat.; from
that point only one pass exists below 4000 m
for a distance of about 2800 km to 31°S Lat.
The highest mountains in Peri are in the
Cordillera Occidental: the Cordillera Blanca
is nearly 400 km in length and is mostly
above 5000 m. The highest peak is Nevado

Huascaran (6745 m). Although the Cordi-
llera Occidental is a continuous range, for
the purposes of analysis, I have arbitrarily
divided it into northern and southern sections
in Perta; the point of division is at about the
latitude of Lima, inland from which the high
central Nudo de Pasco forms a high connec-
tion between the eastern and western cor-
dilleras.
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Fic. 15:21. Distribution patterns of Andean amphibians and reptiles in the Huancabamba Depression.
Patrones de distribucion de anfibios y reptiles andinos en la Depresion de Huancabamba.

Whereas the western cordillera is a con-
tinuous highland range, the eastern cordil-
leras in Peri and Bolivia are made up of
many high ranges separated by long north-
south valleys, the major rivers of which break
through the cordilleras and drop into the
Amazon Basin. For purposes of analysis, I
recognize the Cordillera Central in northern
Peri (6°-10°S Lat.) bordered to the west by
the Rio Maranon Valley, the east by the Rio
Huallaga Valley, and to the south separated
from the Nudo de Pasco by the Rio Huertas.
Although large areas of the Cordillera Central
are over 4000 m, no peaks have permanent
snow. The northern part of the Cordillera

Oriental extending from 10°S to 12°S Lat.
includes the Nudo de Pasco and cordilleras
south to the Rio Mantaro Valley, which also
forms the eastern border of the region. In
the northern part of the Cordillera Oriental,
extensive areas are above 4000 m, and the
Nevado Hueyta Pailana has permanent snow
above 5000 m.

The southern part of the Cordillera Orien-
tal in Perii begins at the Rio Tambo Valley
and is continuous with the eastern cordilleras
of Bolivia. In Peru the eastern cordillera is
bordered on the west by the Rio Apurimac
Valley and consists of many high ranges ( Cor-

dillera de Vilcabamba, Cordillera de Vilca-




394 MONOGRAPH MUSEUM OF NATURAL HISTORY NO. 7
—o
—a
G
—i2
0 200 400 600 \ .
— e ——— s SN ="
Kilometers %
16—
AREA ABOVE 3000 METERS — :
]l |l i
B2 78 74

Fic. 15:22. The central Andes. A. Cordillera Occidental North; B. Upper Marainén Valley; C. Cordillera
Central;, D. Upper Huallaga Valley; E. Cordillera Oriental North; F. Cordillera Occidental South; G. Man-

taro-Apurimac Valley; H. Cordillera Oriental South; 1. Cordillera Oriental de Bolivia; J. Altiplano.
Los Andes centrales.
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Fic. 15:23. Profile of the Cordillera Oriental in southern Peru.

Perfil de la Cordillera Oriental en el sur del Peri.

nota, and Cordillera de Carabaya) having
many peaks with permanent snow, the high-
est of which is the Nevado Salcantaya (6271
m). Lower front ranges (Cadena de Pau-
cartambo, Cadena de Pantiacolla) do not ex-
ceed 4500 m; the deep valleys separating the
various ranges give a reliet ot 2000 to 3000 m
to the cordillera (Fig. 15:23). The major
rivers dissecting the mountains are the Rio
Apurimac, Rio Urubamba, and Rio Vilcanota.

In Bolivia the eastern cordillera consists of
a single range, the Cordillera Real. In the
northwest and to the southeast there are two
ranges—the Cordillera Central separated by
the Rio Caipe from the outer range, the Cor-
dillera Oriental. The highest peaks are in the
snow-covered Cordillera Real, where four
peaks exceed 6000 m, and the highest is Cerro
Illimani (6460 m). The Cordillera Real drops
precipitously into the Amazon Basin; the

steep slopes dissected by deep ravines are
known as the Yungas.

Rising from the lowlands of the upper
Amazon Basin, several mountain ranges
reaching above 2500 m are isolated from the
main Andean cordillera. These ranges in Peru
are, from north to south, Cerros de Otanahui,
Cordillera Azul, Cerro de la Sal, and Serrania
de Sira.

The major montane valleys separating the
principal cordilleras are those of the Rio
Maranén, and Rio Huallaga flowing north-
ward in northern Perti, and the Rio Mantaro
flowing southeastward in central Peru, and
the Rio Apurimac flowing northwestward in
southern Peri. The Mantaro and Apurimac
converge to form the Rio Ene; thus, these two
valleys are placed together tor the purposes
of analysis.

The initial uplift of the central Andes was
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in the Miocene (Harrington, 1962; Aubodin,
et al.,, 1973) with final major uplift completed
by the end of the Pliocene and some addi-
tional elevation in the Pleistocene (Petersen,
1958: Dollfus, 1960: Rutland, et al., 1965;
Ahlfeld, 1970; James, 1971, 1973; Gansser,
1973). Considerable Pleistocene and Recent
glaciation in the Peruvian cordilleras de-
pressed snow lines as much as 1500 m during
at least two glaciations (Hastenrath, 1967;
Kinzl, 1968; Simpson, this volume); the last
major glaciation in the Cordillera de Vilca-
nota has been dated as 28,000 to 14,000 years
b.p. ( Mercer and Palacios, 1977).

The Cordillera Occidental is arid through-
out its length with low xerophytic vegetation
on the high Pacific slopes and puna on the
high eastern slopes. The eastern and northern
slopes of the easternmost ranges of the eastern
cordilleras support lush cloud forest, the
crests of these outer ranges have subparamo
and/or wet puna habitats. The western and
southern slopes of the outer ranges are dry
with puna and low xerophytic vegetation.
The high ridges of the interior ranges of the
eastern cordilleras are drier than the outer
ranges and have extensive areas of puna. The
deep valleys between the ranges are dry with
low sclerophytic vegetation at higher eleva-
tions and dry scrub forest at lower elevations.
The high montane valleys are extensively
cultivated and also support puna, much of
which is grazed.

The diverse herptofauna of the central
Andes has never been summarized. In addi-
tion to the general works cited previously, the
following works are pertinent to the system-
atics and distribution of amphibians and rep-
tiles of the central Andes: Barbour and Noble
(1920a) on southern Peruvian taxa, Dixon
and Huey (1970), Dixon and Wright (1975),
Fritts (1974), and Uzzell (1969, 1970) on
lizards; Schmidt and Walker (1943) and
Walker (1945) on snakes: Duellman (1976,
1978a—c ), Duellman and Fritts (1972), Duell-
man and Toft (1979), Gallardo (1961), Ma-
cedo (1960), Schmidt (1954), Silverstone
(1975, 1976), and Vellard (1951-1960) on
frogs.

The herpetofauna of the central Andes, as
presently known, consists of 159 species (75,

NO. 7

or 48%, endemic to the regions)—>5 caecilians
(1), 89 frogs (52), 44 lizards (11), 21 snakes
(11). One genus of frogs ( Batrachophrynus)
and one of lizards ( Opipeuter)are endemic to
the region. Several genera are highly speciose
in the central Andes—frogs of the genera
Phrynopus (Lynch, 1975a), Telmatobius
( Macedo, 1960 ), and Gastrotheca (Duellman
and Fritts, 1972); lizards of the genera Eu-
spondylus (Uzzell, 1973) and Stenocercus
(Fritts, 1974). Of the 84 species that occur
in the central Andes and elsewhere, 13 also
inhabit tropical forests east of the Andes;
some of these and some others comprise the
23 species that also occur in humid montane
habitats in the northern Andes. Eight species
also occur on the dry Pacific lowlands, and
one of these inhabits dry forest in the northern
Andes. Eight species (including 2 of 23 noted
above) occur in the central Andes and the
Huancabamba Depression. Only 12 species
are shared between the central Andes and the
southern Andes (including the Altiplano);
one of these also ranges into the cis-Andean
lowlands, two occur on the Pacific lowlands,
and nine are restricted to high ( >2500 m)
elevations in the central Andes and at least
in the northern parts of the southern Andes.

No species of amphibian or reptile occurs
in all nine of the regions within the central
Andes. The most widespread species are the
frogs Pleurodema wmarmorata, Telmatobius
marmoratus, Bufo spinulosus, the lizard Lio-
laemus multiformis, and the snake Tachy-
menis peruviana. These are the only species
that occur in eastern and western cordilleras
and intermontane valleys. The major simi-
larities in the cordilleras are among the east-
ern ranges, which individually share 9 to 14
species, with three species occurring in all
four regions (Fig. 15:24). Only three species
are shared between the northern and southern
parts of the Cordillera Occidental, and no
more than five species are common to any
part of the Cordillera Occidental and any
range in the eastern cordilleras. The similari-
ties of the eastern ranges are principally in
those species that inhabit the cloud torests
between 1000 and 2000 m; the three species
with distributions including all four regions
of the eastern cordilleras are forest dwellers
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Fic. 15:24. Herpetofaunal comparisons of the Andean ranges in the central Andes. Numbers in blocks are
number of species/number of endemic species; numbers of shared species are within arrows. CC = Cordillera
Central: COcN = Cordillera Occidental North: COcS = Cordillera Occidental South; COrB = Cordillera Ori-
ental de Bolivia; COrN = Cordillera Oriental North; COrS = Cordillera Oriental South.

Comparaciones faunisticas de la herpetofauna de las cordilleras andinas de los Andes centrales. Numeros
dentro de bloques representan numero de especies/numero de especies endémicas; numero de especies en comun

estan en las flechas.

—two lizards ( Prionodactylus argulus and P. The species richness in the southern part
manicatus) and one snake (Chironius monti-  of the Cordillera Oriental reflects the complex
cola). The faunal list from the Cordillera  topography and diverse habitats in that region
Central is unrealistic; the area has not been (Fig. 15:25). Elevational changes in one

studied adequately.

inter-Andean valley result in striking differ-
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Fic. 15:25. Transect from the upper Rio Vilcanota
Valley across the Cordillera de Vilcanota (Abra
Huancarane ), Rio Yavare Valley ( Paucartambo), Ca-
dena de Paucartambo (Abra Acanacu), and down
the Rio Cosnipata Valley to the Amazon lowlands.
Each line is the distribution of one species: solid lines
are amphibians and broken lines are reptiles.

Transect desde el valle del alto Rio Vilcanota
(Abra Huancarane), valle del Rio Yavare {Paucar-
tambo), Cadena de Paucartambo {(Abra Acanacu), y
hacia abajo del valle del Rio Cosnipata hasta las
tierray bajas del Amazonas. Cada linea representa la
distribucion de una especie; las lineas continuas rep-
resentan a anfibios y las lineas discontinuas a reptiles.

ences in habitats and changes in species com-
position. For example, in the Rio Urubamba
Valley, three species of lizards of the genus
Proctoporus replace one another along the
length of the valley between the Cordillera
de Vilcabamba and the Cordillera de Vil-
canota. Likewise, in the same valley and
Cordillera de Vilcanota, marsupial frogs have
essentially parapatric distributions—Gastro-
theca marsupiata is on the valley floor, G.
ochoai inhabits bromeliads on the cliffs of
the cordillera, and G. excubitor lives on the
high parts of the cordillera (Duellman and
Fritts, 1972).

The high montane valleys in Perti have a
depauperate herpetofauna with a total of 20
species (7 endemic); otherwise, the species
are shared with the neighboring cordilleras
and to a lesser extent with the other valleys.
The toad Bufo trifolium is the only species
occurring in the Huallaga, Maranon, and
Mantaro-Apurimac valleys, and the frog. Gas-
trotheca peruana occurs in the Huallaga and
Maranon valleys. The most notable endemism
is the monotypic frog genus Batrachophrynus
restricted to Lago Junin and streams in the
upper Rio Mantaro Valley. Five species in
the Mantaro-Apurimac Valley are shared with
the Altiplano in southern Peri and Bolivia: all
of these are widespread highland species.

Southern Andes

Included in the southern Andes are the
cordilleras in Argentina and Chile and the
Altiplano from southern Pern through Bolivia
to Argentina. As noted previously, the Cor-
dillera Occidental in Pert is continuous with
the Andes of Chile and western Bolivia; the
Cordillera Central in Bolivia is continuous
with the Andes of northern Argentina. The
Chilean and Argentinean ranges unite south
of the Altiplano at about 27°S Lat. (Fig.
15:26).

The Altiplano, in its broadest sense, ex-
tends about 1400 km north—south; its greatest
width is about 300 km in Bolivia. Elevations
of this high plateau range from 3400 to 4000
m: drainage is centripetal, forming lakes or
salt basins. Precipitation in the form of rain
or snow is mostly in the summer and de-
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Fic. 15:26. The southern Andes. A. Northem
Chile;: B. Altiplano; C. Northern Argentina; D,
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Los Andes del sur.

creases from about 500 mm annually in the
north to essentially zero in the south. The
vegetation of the northern and eastern parts
of the Altiplano is puna dominated by bunch
grasses, principally Festuca, but also Poa and
Stipa, low (<1 m) shrubs of Adesmia and
Parastrephia ( Troll, 1959; Cabrera, 1965). To
the south and west even bunch grasses be-
come sparse and eventually absent in exten-
sive “salares.”

The Andes of northern Argentina have ex-
tensive areas over 4500 m and some peaks
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exceeding 6000 m, the highest being Cerro
Bonete (6572 m). North- and south-Howing
rivers separate lower eastern front ranges from
the higher major cordillera which descends
westward to the Altiplano. The Andes in
northern Chile from a high main cordillera
with many snow-covered peaks exceeding
6000 m; the highest in the extreme north is
Cerro Parinacota (6330 m), whereas farther
south near the southern end of the Altiplano,
Nevado Ojos del Salado reaches 6880 m. The
Andean precordillera exceeds 4500 m in most
areas and drops precipitously to the narrow,
xeric coastal strip. South of 27°S Lat. the
single Andean cordillera continues for 3000
km to the tip of the continent. Whereas many
peaks in the northern part of the range exceed
6000 m. including Cerro Aconcagua at 6959
m (the highest mountain in the New World),
to the south there are few peaks over 4000 m.
Equally important biologically are the eleva-
tions of passes between the eastern and west-
ern slopes: north of 31°S Lat. there are no
passes below 4000 m. Passes between 2000 and
3000 m exist between 35° and 37°S Lat., south
of which are found the only passes below
2000 m. Of course, passes at higher latitudes
are correspondingly higher biologically. Al-
though the western slopes of the Andes de-
scend rapidly to the Pacific coast or to the
Valle Longitudinal separated from the Pacific
by the Cordillera de la Costa, the eastern
slopes are much more complex with numerous
precordilleran ranges, some of which, such as
the Sierra Grande and Sierra de San Luis, are
completely separated from the principal cor-
dillera. In the south, the Andes descend only
to the Patagonian plateaus at 600 to 1300 m.

The Pacific slopes of the Andes in northern
Chile (south to about 27°S Lat.) are ex-
tremely arid with little vegetation, which in
some places consists of only scattered cacti;
at elevations above 4000 m, puna grasses are
present. In a transition area between the
desert and the austral forests (30°-38°S Lat.)
low, sparse matorral is present on the Pacific
slopes (Simpson, this volume ).

The Andes in northern Argentina have
puna at high elevations and forest at lower
elevations. From north to south (about 28°S
Lat.) there is a change from cloud forest to
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evergreen forest and deciduous broadleaf for-
est. At about 26°S Lat. to 38°S Lat., the
eastern slopes of the Andes are arid with de-
ciduous forest existing in river valleys and
Patagonian scrub infiltrating the lower slopes
to 2000 m ( Roig, 1972); the Patagonian scrub
crosses the continental divide at some low
passes. South of 38°S Lat. on the Pacific
slopes and 36°S Lat. on the eastern slopes are
the austral forests characterized by a diversity
of Nothofagus and in places dominated by
Araucaria or Fitzroya ( Formas, this volume ).
Within this area is the so-called lake region
of the southern Andes where cold streams cas-
cade down from glaciers.

The Andes in southern Chile and Argen-
tina were uplifted nearly to their present
heights by the end of the Miocene (Dott, et
al., 1977). At that time, the initial uplift of
the northern part of the Argentine, Chilean,
and Bolivian Andes and the Altiplano took
place (Petersen, 1958; Rutland, et al., 1965).
The final, major orogeny of the Altiplano and
the principal cordilleras in northern Argen-
tina and Chile was completed by the end of
the Pliocene (Turner, 1972; Yrigoyen, 1972;
James, 1971, 1973), whereas at least some of
the extra-cordilleran ranges in Argentina were
elevated later (Simpson and Vervoorst,
1977), and the coastal cordillera of Chile was
uplifted earlier (Okada, 1971). The southern
Andes were extensively glaciated during the
Pleistocene, with large montane glaciers per-
sisting to the present; at the height of glacia-
tion, all of the Andes south of 30°S Lat. were
entirely glaciated (Patterson and Lanning,
1967; Heusser, 1974).

The herpetofauna of Chile has been re-
viewed thoroughly by Cei (1962) and
Donoso-Barros (1966, 1970). Cei (1979) re-
viewed the amphibians of Argentina, but the
reptiles have not been summarized. The only
significant paper on the Altiplano is Parker’s
(1940). Important works dealing with frogs
are, as follow: genus Telmatobius—Vellard
(1946), Gallardo (1962), Laurent (1970,
1973, 1977), Veloso and Trueb (1976), and
Cei (1977); genus Gastrotheca—Laurent
(1967, 1969a.b, 1976); genus Bufo—Gallardo
(1967), Cei (1968, 1972). Barrio (1965) dis-
cussed the Hyla pulchella complex; Duellman

NO. 7

and Veloso (1977) reviewed Pleurodema, and
Lynch (1978b) summarized data on Alsodes.
The iguanid lizards have been studied by Cei
(1971, 1973, 1974a.b), Cei and Castro
(1973), and Donoso-Barros (1972).

The herpetofauna of the southern Andes
consists of 64 species (30 frogs, 31 lizards, 3
snakes). No genera are endemic to the
southern Andes, but austral endemics such as
Alsodes are shared with the lowland forests;
Diplolaemus and Phymaturus are shared with
Patagonia, and Garthia is shared with the
Pacific coastal deserts. Of the 64 species, 36
are endemic. Of the 28 nonendemic species,
12 also occur in arid habitats east of the
Andes, principally in Patagonia (e.g., the
iguanid lizards Diplolaemus leopardinus, Lio-
laemus bibronii, L. elongatus). Six others oc-
cur in lowland Nothofagus forests (e.g., frogs
such as Alsodes nodosus and Bufo variega-
tus): five occur on the arid Pacific lowlands
(e.g., lizards such as Phyllodactylus gerrhopy-
ous and Tropidurus peruvianus). The faunal
similarities between the central and southern
Andes have already been discussed.

Within the southern Andes, only two spe-
cies, the toad Bufo spinulosus and the snake
Tachymenis peruviana, occur in all five re-
agions. Despite the high Andean divides, the
southern Andes of Chile and those in Argen-
tina share more species (10) than any other
two regions (Fig. 15:27). Most of the en-
demics are frogs of the genera Alsodes and
Telmatobius restricted to separate stream
drainages and highland lizards of the genus
Liolaemus.

The distribution of amphibians and rep-
tiles on either side of the Andes in relation
to passes through the high cordillera suggests
that available structural habitat (or perhaps
food) may limit their distributions instead of
altitude and the associated climatic stresses.
For example, at 33°S Lat. the cordillera is
breached by Puerto Bermejo at 3583 m. In
the immediate vicinity of the pass two lizards,
Liolaemus altissimus and L. fitzgeraldi, reach
elevations of 3500 m and 2800 m, respectively,
and occur on both sides of the Andes (Fig.
15:28). In the same area four other species
of lizards occur only on the eastern slopes
Liolaemus elongatus (up to 2800 m), L. rui-
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Fic. 15:27. Herpetofaunal comparisons of regions in the southern Andes. Numbers in blocks
are numbers of species/number of endemic species; numbers of shared species are within
arrows. AAN = Andes of Argentina north; AAS = Andes of Argentina south; ACN = Andes
of Chile north; ACS = Andes of Chile south; ALT = Altiplano.

Comparaciones faunisticas de la herpetofauna de las regiones de los Andes del sur.
Numeros dentro de bloques representan niumero de especies/numero de especies endémicas;
numero de species en comun estan en las flechas.

bali (2900 m), Phymaturus palluma (3500 other hand, farther south there is continuity
m), and Pristidactylus scapulatus (2900 m).  of habitat through much lower passes. For
Likewise, two species are restricted to the example, Patagonian scrub continues through
western slope—Liolaemus leopardinus ( 3000 Puerto de Buta Malin (37°30'S, 1500 m) onto
m) and L. nigroviridis (3000 m). On the  the western side of the cordillera to Laguna
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Fic. 15:28. Distribution of iguanid lizards on
eastern and western slopes of the Andes in the vicin-
ity of Puerto Bermejo, 33°S Lat.

Distribucion de saurios iguanidos en las laderas
este y oeste de los Andes en la vecindad de Puerto
Bermejo, 33°Lat. S.

de La Laja, where such typical Patagonian
species as Pleurodema bufonina, Liolaemus
kriegi, and Phymaturus palluma occur.

ANALYSIS OF DISTRIBUTION
PATTERNS

Once the major patterns of distribution in
the wvarious physiographic regions of the
Andes have been described and documented,
it is desirable to analyze the total Andean
herpetofauna. The testing of the a priori divi-
sion of the Andes into six major units shows
that the faunal resemblance factors are all less
than 0.1, except between the central Andes
and the Southern Andes ( Table 15:2). Thus,
the recognition ot the central and southern
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Andes as distinct major units is not so realistic
as the distinction of the other units. Although
the Huancabamba Depression has some en-
demics, it shares eight species with the
northern and eight with the central Andes.

A cluster analysis of all 727 species in 27
regions emphasizes the close similarity be-
tween the Cordillera Occidental in southern
Peri and in northern Chile (Fig. 15:29).
This analysis also shows the relatively close
similarity of the eastern and western slopes
of the Andes in southern Argentina and Chile,
the similarity between the Altiplano and the
Mantaro-Apurimac Valley and the similarity
of the Cordillera Occidental in northern Pert
with the upper Maranon and Huallaga val-
leys. Likewise, the distinctness of the Vene-
zuelan highlands, Sierra Nevada de Santa
Marta, and Huancabamba Depression are
evident.

A second analysis involved only those 147
species having distributions above 2500 m
(Fig. 15:30); this analysis eliminated four re-
gions—Serrania de Paria, Cerro Turumiquire,
Cordillera de la Costa, and Sierra Nevada de
Santa Marta. The Meérida Andes and the
Cordillera Occidental in Colombia are distinc-
tive in sharing no taxa with any other region.
The other regions of the northern Andes
cluster together and are weakly linked with
the central and southern Andes and the Huan-
cabamba Depression. The Andes of southern
Chile and southern Argentina each has two
endemic species and no species shared with
any other region; thus, each region is distinct
trom all of the others.

These analyses and knowledge of the
physiography and environments of the Andes
allow a general interpretation of the kinds
and effectiveness of barriers to herpetofaunal

TasrLe 15:2.—Faunal Resemblance of the Herpetofauna in Six Major Andean Regions.
Numbers of species in a given region are in boldface: numbers of species in common to two regions are in

Roman, and the faunal resemblance factors [2C/(N, + N.) = FRF] are in italics.
Sierra

Venezuelan Nevada de  Northerm  Huancabamba Central Southern

Andes  Santa Marta Andes Depression Andes Andes

Venezuelan Andes e 80 ().040 0.025 (.000) 0.008 0.000
Sierra Nevada de Santa Marta ... 2 21 0.018 0.000) ().000) 0.000)
Northern Andes . fi 4 415 0.0035 0.008 ().000)
Huancabamba Depression el 0 () be) 43 0.079 0).000)
Central Andes s () 23 S 159 0.116
Southern Andes L (0 0 0 13 64
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Fic. 15:29. Cluster analysis of 727 species of amphibians and reptiles in 27
physiographic regions of the Andes; analysis is by the unweighted pair-group

method using arithmetic means.

Andlisis de agrupacion de 727 especies de anfibios y reptiles en 27 regiones
fisiogrdficas de los Andes. El andlisis usa el método de grupos de parejas no

compensadas en sus promedios aritméticos.

dispersal in the Andes (Fig. 15:31). The
physiographic barriers in the northern part of
the Andes coincide with those demonstrated
for birds by F. Vuilleumier (1977). The ma-
jor physiographic barriers separate the major
Andean regions—Meérida Andes, Sierra Ne-
vada de Santa Marta, northern Andes and
central Andes—from one another, whereas

minor barriers are within major regions—be-
tween the Mérida Andes and the Cordillera
de la Costa, and between the Cordillera Occi-
dental in Colombia and the rest of the north-
ern Andes. The major ecological barrier is
the drastic change from cloud forest to rela-
tively dry puna, which follows the upper
reaches of the outer ranges of the eastern cor-
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Fic. 15:30. Cluster analysis of 147 species of amphibians and reptiles occurring only above 2500 m in 23
physiographic regions of the Andes; analysis is by the unweighted pair-group method using arithmetic means.

Analisis de agrupacion de 147 especies de anfibios y reptiles que habitan solamente por encima de los
2500 m en 23 regiones fisiogrdficas de los Andes. Meétodo al igual que figura 29.

dillera in the central Andes. Comparatively
broad latitudinal transition zones exist be-
tween the cloud forest and the deciduous for-
ests on the eastern slopes in northern Argen-
tina, and between the Nothofagus ftorests of
the southern Andes and the arid slopes to the
north. Faunal comparisons of these eight ma-
jor ecogeographic regions in the Andes reveal
that the regions separated by major geo-
graphical barriers or ecological differences
have faunal resemblance factors of less than
0.1, whereas those separated by minor physio-
graphic barriers have factors greater than 0.1

(Table 15:3).

It is obvious that species richness is high-
est in those tropical regions supporting both
cloud forest and equable habitats above tree
line—Cordillera Oriental in Ecuador (164
species ), Cordillera Occidental in Ecuador
(137 species), Cordillera Oriental in Colom-
bia (103 species). Between the Equator and
24°S Lat. there is a dramatic decline in spe-
cies richness, most notable in amphibians;
farther south there is little change (Fig.
15:32).

Endemism is as high as 76 percent in the
Sierra Nevada de Santa Marta, whereas the
average percentage of endemic species in any



1979

-20

-4 -

-H[!ﬂ- I(m‘

NUMBER OF SPECIES

80

Fic. 15:31. Diagrammatic map of the Andes
showing barriers to herpetofaunal dispersal. Two solid
lines = major physiographic barriers; single solid lines
= minor physiographic barriers; broken lines = major
ecological barriers; shaded areas = transition zones
between ecologically different regions. A. Cordillera
de la Costa: B. Mérida Andes; C. Sierra Nevada de
Santa Marta: D. Cordillera Occidental de Colombia;
E. Northern Andes; F. Eastern slopes of central
Andes; G. Nonforested central and southern Andes;
H. Forested southern Andes.
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Fic. 15:32. Herpetofaunal species richness at dif-
ferent latitudes in the Andes. Data were accumu-
lated for species within one degree north and south
of the latitude given; only species occurring above
1000 m are included.

Riqueza de especie de la herpetofauna a diferentes
latitudes en los Andes. Informacion fue acumulada
para las especies dentro de un grado al norte y al
sur de la latitud dada; solo las especies que ocurren
por sobre los 1000 m estan incluidas.

Mapa diagramdtico de los Andes mostrando ba-
rreras para la dispersion de la herpetofauna. Dos

lineas continuas = barreras fisigrdficas mayores; una
linea continua = barrera fisiogrdfica menor; lineas
discontinuas = barreras ecoldgicas mayores; dreas
sombreadas = zonas de transicion entre regiones

diferentes ecologicamente.
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TABLE 15:3.
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Faunal Resemblance of the Herpetofauna in Eight Major Eco-geographic Regions of the Andes.

Numbers of species in a given region are in boldface; numbers of species in common to two regions are in

Roman, and the faunal resemblance factors [2C/(N, + N.) = FRF] are in italics.
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one of the 27 regions is 40.9 (Table 15:4).
The apparent absence of endemics in the Cor-
dillera Central of Perti probably is indicative
of the poor sampling of the region, whereas
the low values for the Nudo de Pasto, inter-
Andean valleys in Ecuador, and the Maranon
Valley in Peru are realistic in that most spe-
cies in these regions are shared with adjacent
regions. The presence of many species of a
given genus in one region is indicative of
local speciation and endemism. This is espe-
cially true of frogs of the genera Eleuthero-
dactylus, Colostethus, and Centrolenella in the
northern Andes, where the species per genus
is 3.3 to 3.9 in the eastern cordilleras of Co-
lombia and Ecuador and the Cordillera Occi-
dental in Ecuador; this high number is ap-
proached only by the Cordillera Oriental in
southern Perti (2.8), where there is also great
differentiation of Eleutherodactylus, and the
Altiplano (2.7) where there are six species of
Liolaemus (Table 15:4). However, there is
no direct correlation between the total per-
centage of endemic species and the numbers
of species per genus in that region; for exam-
ple, the genus per species value is 1.6 in the
Sierra Nevada de Santa Marta, where 76
percent of the species are endemic.
Substantial data on altitudinal differences
in species richness and endemism are not

available tor most regions of the Andes. As
already discussed in the account of the north-
ern Andes, a distinet middle elevation fauna
occurs in cloud forest and another element on
the high ridges; species richness is much
higher in the cloud forest, and endemism is
likely to be high in both, certainly higher
than in the adjacent lowlands (see especially

Table 15:4 and Figs. 15:158-19).

EXTRA-ANDEAN FAUNAL
RELATIONSHIPS

Once the Andean herpetofauna has been
defined and circumseribed, it is necessary to
ascertain the relationships of the faunas of
the Andes before attempting to determine the
origin of the Andean herpetotauna. Primarily
this will be done at the generic level. Eighty-
eight genera of amphibians and reptiles occur
at elevations of more than 1000 m in the
Andes. More than half (47) of these genera
are not primarily Andean in their distribution.
Some are represented in the Andes by lowland
species that ascend the highlands to eleva-
tions of more than 1000 m (13 genera) and
others (23 genera) have species restricted to
Andean slopes, although most of the species
occur elsewhere. The Andes are peripheral to
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TapLE 15:4-—Cenera and Species of Amphibians and Reptiles in Each of 27 Regions of the Andes.

b % % Species
Northem Northem Endemic Species per

Region Genera Genera Species Species  Species  Endemic  Genus
Serrama de Paria -~ - . 3 100 4 100 3 75 13
Cerro Turumiquire 5 100 W 100 5 71 1.4
Cordillera de la Costa . 26 100 46 100 34 74 1.8
Mérida Andes ... 16 100 32 100 18 56 2.0
Sierra Nevada de Santa Marta Egiemne | R 100 21 100 16 76 1.6
Cordillera Occidental, Colombia 27 100 66 100 29 44 2.4
Cordillera Central, Colombia S 2 100 78 100 42 54 2.3
Cordillera Central, Pert ... . 12 100 16 100 1] 0 1.3
Cordillera Oriental, Colombia 30 97 103 99 36 35 3.4
Cordillera Oriental, Ecuador v a B Y 43 95 164 98 T4 45 3.9
Cordillera Occidental, Ecuador : 41 93 137 95 65 47 3.3
Nudo de Pasto, Colombia =l D ol 91 23 96 1 4 21
Cordillera Oriental North, Pera ... 30 90 63 92 19 0 21
Cordillera Oriental, Bolivia ez enes LR 56 36 89 13 36 L
Inter-Andean Basins, Ecuador b [ 12 83 29 82 3 14 1.8
Huancabamba Depression 23 83 41 73 29 66 1.9
Cordillera Oriental South, Peru . 98 79 76 84 41 55 2.8
Andes North, Argentina ... .9 33 16 25 10 63 1.8
Cordillera Occidental North, Perti e 1B 30 17 24 0 53 1.7
Mantaro-Apurimac Valleys, Péra . 8 25 12 17 1 33 1.5
Upper Maranon Valley, Perd S i 25 6 17 1 17 1.5
Upper Huallaga Valley, Perti . i TN 20 5 20 2 40 1.0
Adtiplang: oo oo e e A B 16 6 7 44 2.7
Cordillera Occidental South, Perii 9 0 19 1] 5 26 2.1
Andes North, Chile ... ... 10 0 21 0 9 43 2.1
Andes South, Chile 9 0 21 0 10 48 2.3
Andes South, Argentina 9 0 20 0 6 30 g2

the main distributions of 12 other genera,
which do have representatives in the Andes
(Table 15:5). Although these account for 55
percent of the Andean genera, they include
only 144 (20%) of the 727 species. Only six
of these 47 genera have more than five species
in the Andes: Caecilia (12), Anolis (18),
Leptotyphlops (6), Dipsas (11), Leimadophis
(6), and Bothrops (9).

Nineteen genera are endemic to the An-
des; these contain 94 (13%) of the Andean
species. The other 22 genera, containing 491
Andean species, are either widespread in the
Neotropical Region or also occur in extra-
Andean regions (Table 15:6). Two genera
( Bufo and Hyla) are widespread and speciose
in South America (and elsewhere), but are
represented in the Andes by distinct groups
( B. spinulosus, H. bogotensis, and H. larino-
pygion groups ), as well as lowland species on
the slopes. The speciose genus Eleutherodac-
tylus is represented by 154 species in the
Andes, but it occurs widely throughout the
American tropics. Four other genera of frogs

—Atelopus (27 Andean species), Colostethus
(39), Gastrotheca (33), and Centrolenella
(45)—and one of snakes—Atractus (39)—
are primarily Andean, but are widespread in
South America. Likewise, two genera of
iguanid lizards—Liolaemus (24 Andean spe-
cies) and Stenocercus (26)—are speciose in
the Andes, but the former is widespread in
temperate South America, and the latter also
occurs in the Amazon Basin. Of the remain-
ing genera, seven (Bolitoglossa, Rhampho-
phryne, Hemiphractus, Anadia, Prionodacty-
lus, Diaphorolepis, and Lygophis) also occur
in the tropical lowlands and in Central Amer-
ica, whereas Euspondylus is extra-Andean
only in the adjacent tropical lowlands. Three
genera ( Alsodes, Ctenoblepharis, and Tachy-
menis) are extra-Andean only in temperate
South America, along with Pleurodema,
which also occurs widely in dry tropical
regions.

When viewing the distribution patterns of
all 88 genera known from the Andes, we find
the greatest similarities with the Amazon
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TasrLe 15:5.—Patterns of Andean Distributions of Genera that are Principally Extra-Andean.

Lowland Species

Diflerentiated on

Peripheral to Range

on Lower Slopes

Low-moderate Slopes

of Genus

Leptodactylus Caecilia Euparkerella
Phyllobates' Epicrionops Ischnocnema
Gonatodes Dendrobates Flectonotus
Polychrus Osteocephalus Phyllodactylus
Tropidurus Phyllomedusa Basiliscus
Alopoglossus Glossostoma Diplolaemus
Cercosaura Garthia Phymaturus
Neusticurus Lepidoblepharis Tropidophis
Ptychoglossus Pseudogonatodes Lampropeltis
Liotyphlops Anolis Liophis
Clelia Enyalioides Sibon
Leptophis Pristidactylus Sibymomorphus
Micrurus Leptotyphlops

Chironius

Dendrophidion

Dipsas

Leimadophis

Mastigodryas

Oxyrhopus

Philodryas

Rhadinaca

Tantilla

Bothrops

' Most of the species of Phgﬂfﬂhﬂffﬂ recognized by Silverstone (1976) and listed in Appendix 15:2 have been

placed in Dendrobates by Myers et al. (1978).

Basin and Central America, each having 47
and 46 genera, respectively, shared with the
Andes; these are followed by 42 shared with
the Choco, 36 with southeastern Brasil and
35 with the Guiana Shield. Thirty-three gen-
era are common to the Andes, Amazon Basin,
Choco, and Central America, whereas only 20
are shared by those four regions and the
Guiana Shield and southeastern Brasil. The
depauperate generic differentiation in tem-
perate South America is reflected in the tew
number of genera shared by the Andes and
Patagonia (11), the Atacama Desert (9), and
the austral forests (6). Only four genera are
common to all four regions, and only Bufo
occurs in all of the regions delimited.

The occurrence of genera in the Andes
and adjacent areas, such as the Amazon Basin
and Patagonia, is expected. More interesting
are distributions that are disjunct. Six Andean
genera also occur in southeastern Brasil, but
are either absent from the intervening area or
have peculiarities about their distributions.
The frogs (Flectonotus, Euparkerella, and
[schnocnema) each have one species in the
Andes and one in southeastern Brasil: Isch-
nocnema also has one species in the upper

Amazon Basin. Marsupial frogs (Gastrothe-
ca) are represented by 33 species in the
Andes and four in southeastern Brasil, but
the genus is unknown in central South Amer-
ica. Two snakes also are represented in the
two areas. Sibynomorphus has one species in
the Andes, one in the Amazon Basin, two
in the Chaco, and two in southeastern Brasil.?
Tropidophis has one species in the Andes, one
in southeastern Brasil, and 12 in the West
Indies. Other genera that are represented in
two or more of the highland regions ( Andes,
Brasilian highlands, Guiana highlands) also
are widespread in the lowlands, although
some genera, such as Afractus, are speciose
in the highland regions and represented by
tew species in the intervening lowlands.

No strictly highland genus or species is
shared by the Andes and the CGuiana high-
lands. However, two closely related hylid frog
genera are endemic to the regions—Crypto-
batrachus (3 species) in the northern Andes
and Stefania (6 species) in the Guiana high-
lands.

Thus, although the Andean herpetofauna
is comprised of largely endemic species, only

" See tootnote, p. 389,
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19 genera are endemic to the Andes; the 93
species in these genera and 337 Andean spe-
cies in eight other genera that are primarily
Andean account for about 60 percent of the
species in the Andes. The generic relation-
ships of the Andean herpetofauna are primar-
ily with the adjacent lowlands and Central
America and not with the Brasilian and Gui-
ana highlands.

ORIGIN OF THE ANDEAN
HERPETOFAUNA

The poor fossil record of most Andean
groups of amphibians and reptiles precludes
any kind of accurate historical assessment of
phylogenetic relationships and distribution
patterns; see Biez and Gasparini (this vol-
ume) for a summary of the fossil evidence.
Therefore, phylogenetic relationships must be
hypothesized from systematic studies of extant
taxa, and past distributions must be inferred
from existing knowledge of past geological
events and evidence concerning paleocli-
mates. Our knowledge of the geology of the
Andes has been summarized by Simpson (this
volume), who also synthesized the evidence
for Late Cenozoic and Quaternary climatic
changes; these phenomena also have been
treated in detail for tropical South America by
Haffer ( this volume) and for temperate South
America by Baez and Scillato Yané (this
volume). Modern phylogenetic approaches
using cladistics as the basis for vicariance or
dispersal biogeography (Croizat, et al., 1974;
Rosen, 1975: Platnick and Nelson, 1978) are
ideal for analysis of faunal origins and sub-
sequent differentiation, but in most groups of
Andean amphibians and reptiles, the phylo-
genetic relationships have yet to be deter-
mined in any such refined manner.

Two current methods of determining
centers of dispersal (and possibly of origin)
involve generalized tracks (Croizat, et al.,
1974) and areas of congruence (Maiiller,
1973). The former is based on a cladistic ap-
proach and the latter simply on patterns of
distribution. Because of the inadequate
knowledge of the phylogenetic relationships
of many components of the Andean her-
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petofauna, I have chosen to analyze the
herpetofauna first by means of areas of con-
gruence. Subsequent analysis of generalized
tracks of those groups that are well known
phylogenetically provides corroborating evi-
dence. For purposes of analysis I have used
41 genera and species groups that are pri-
marily Andean in their distribution or at
least are highly speciose in the Andes. On
the bases of their distributions and known
(or presumed) phylogenetic relationships,
they have been placed in either a northern
assemblage or a southern assemblage (Table
15:7).

Southern Herpetofaunal Assemblage.—
Two major areas of congruence incorporate
six of the nine groups in this assemblage:
1) Austral Forests—Alsodes, Pleurodema,
Bufo spinulosus group, Tachymenis; 2) Pata-
gonia—Pleurodema, Ctenoblepharis, Liolae-
mus. The other three genera (Batrachophry-
nus. Telmatobius, and Stenocercus) are de-
rived from southern groups (Fig. 15:33).

Studies on iguanid lizards by Cei (1973,
1974a.b), Etheridge (1964, 1966, 1967 ), Paull,
et al. (1976), and Savage (1958) provide sub-
stantial evidence for the recognition of a
temperate South American adaptive radiation
of tropidurine iguanid lizards. Although the
taxonomy of the large iguanid genus Liolae-
mus is still in an alpha state, it is evident that
there is a major diversity of species groups in
Patagonia and the adjacent Andean foothills
and that by comparison with these regions,
the Liolaemus diversity is less in the Austral
forests, Atacama Desert, and the high Andes.
Cei (1974a, pers. comm.) considers Ctenoble-
pharis to be derived from Liolaemus. Steno-
cercus seems to be a highland sister group of
the lowland Ophryoessoides (Fritts, 1974);
these genera apparently are derived trom a
tropidurine stock, perhaps close to Procto-
tretus ( Etheridge, pers. comm.). Tachymenis
is the only genus of snakes widespread in
the cool temperate region and the high
Andes: it seems to be related to Philodryas,
which is most diverse in subtropical South
America.

Lynch (1978b) provided a cladistic analy-
sis of the genera of telmatobiine leptodactylid
frogs; most of the genera are endemic to the
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TapLE 15:6.—Distribution of Andean Genera of Amphibians and Reptiles in Adjacent Extra-Andean Regions
and Neotropical Highlands.

(* = Endemic to Andes; numbers of species are Andean/Total)
South-
Central Amazon Guiana eastern Austral Atacama
Genus Species  America  Chocd  Basin  Highlands Brasil Patagonia Forests Desert
Caecilic: . .. .. . 12/29 + + 4 = = = = =
Epicrionops .- 4/9 = - o =t + o — — =
Bolitoglossa ... ~14/63 + %4 + = _ ¥ _ .
Alsodes e 6/7 — - = — e a BT =
Amblyphrynus® 27 — - = — . _ =] =
Batrachophrynus® 2/2 - — — — . e _ _
Eleutherodactylus . 153/=400 s -+ + + + — = =
Euparkerella .. ... .. 1/2 — = - = -+ = = =
Ischnocnema 1/3 — - + — 4 = — iy
Leptodactylus 2/32 + + + + + e = 2
Phrynopus® - 14/14 — - —_ = = = - =
Pleurodema 4/12 + - .- — gl 4 g 3
Telmatobius® ... 30/30 — — — = 2 £ 2] -5
Geobatrachus® =4l 1/1 - — — = = — = =2
Atelopus ... 27/39 + + 2 + - o K b
Bufo e 20=100 i + + . + + + +
Osornophryne® o 2/2 — — = = = = 2 =
Rhamphophryne 3/6 + — i — il iy _ _
Colostethus . 39/64 + + + 4 JE; = — s
Dendrobates ... 4/20 ae + i + + — — =
Phyllobates 3/20 + + + 4 o e = -~
Amphignathodon® 1/1 — — e = — - - o
Cryptobatrachus® 3/3 - - — == = = = =
Flectonotus . 1/2 - - - < £ — = _
Gastrotheca 33/40 + + - — 4 - = 2
Hemiphractus 4/5 4 = & = = = i -
Hyla . 21/=275 + + =+ + + — —. o=
Osteocephalus 2/6 — — + + A = = e
Phyllomedusa . 4/29 + 5 + = = — - —
Centrolene® 1/1 — =5 = - o) b A 'S
Centrolenella ... 45/64 + 4 + + + - - -
Glossostoma 1/2 R + - = it = = o
Garthia ... 1/2 — - — - _ - +
Gonatodes 3/17 + o + UE 1. s o E3l
Lepidoblepharis . 1/8 + + = e = = AL
Phyllodactylus . 3/60 + = — _ _ - ) 3
Pseudogonatodes ... 1/5 — - + + e = — o
Anolis .. - . . 18/=200 + + + + + — = =
Basiliscus = 1/4 + + — B b A . ==
Ctenoblepharis 5/11 — — — 1 s it — £l
Diplolaemus . 1/3 — — = e = i =t =
Enyalioides ... 2/8 + + + - - — = =
Liolaemus . 24/52 — — - 4 o} + i
Phenacosaurus® = 3/3 -— == = = = i 15 e
Phymaturus 1/2 - - — — — o = -
Polychroides® 1/1 — —_ - = = = u _
Polychrus 2/5 o + 4 + = = = —
Pristidactylus 1/4 — — — = = -+ 4 =
Stenocercus 26/29 - — + =5 o) =t e _
Tropidurus T e 2/20 — —_ 3 + + = = it
Alopoglossus 1/6 — — + 4 - — _ =
Anadia 7/11 - + e — o = - o
Cercosaura ... 1/3 = — + + X - = =
Euspondylus 5/9 — + — o 4 = s =
Macropholidus® 1/1 = = — == = . . e
Neusticurus = 3/8 + — + + s = o =
Opipeuter® s i 1/1 — — - = S = = =

|
|
|
I
|
F

Pholidobolus® 5/5
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TasLE 15.6. ( Concluded).
South-

Central Amazon Guiana eastern Austral Atacama

Genus Species America Choed Basin  Highlands Brasil Patagonia Forests Desert
Prionodactylus 4/5 + + + — — = = =
Proctoporus® 17/17 = — — - = = = £
Ptychoglossus 2/6 + + + — - s — =
Leptotyphlops 6/=95 + + + — + + - 3
Liotyphlops. ... .. 1/11 + — 4 f AE 2 i ik
Tropidophis 1/15 == .- — + - = = =
Atractus _____________ 39/=T0 = o & + + + - - =
Chitonias =~ =~ 1/16 + s i =+ + - = —
Cileli -0 o 1/6 = + = + + - = =
Dendrophidion 4/8 4 + + — - o = _
Diaphorolepis 1/2 - — - — = o i -
Elipgay = 11/31 + + T -4 + et o 3
Lampropeltis 1/12 ot -+ — — —_ - iy il
Leimadophis 6/ =40 + + + + + - = —
Leptophis 1/7 + T - ar + — = =
Liophis . e . 1/25 = . + + + — = .
Mastigodryas 1/11 + + + + . = = -
Oxyrhopus 4/11 + + 4 + + = = +
Philodryas = 3/15 = == + + + + — +
Rhadinaea 3/45 + + + + + = - =
Saphenophis® 5/5 — = = =- M = = —
Sibon 1/9 + - — = - al E ==
Sibynomorphus 1/6 - - + — + - = =
Synophis® 3/3 — — i = i = - i
Tachymenis 4/6 — — — — = - + =
Tantilla 3/50 + i + = = = . )
Umbrivaga® 1/1 — - = — = = = =
“Urotheca™® 1/1 - - = - == s = =
Micrurus 5/46 + + + + ~+ — = e
Bothrops 9/59 - + + + < o E -~

TasLe 15:7.—Hypothetical Centers of Origin of the Principal Genera and Species Groups of the Andean

Herpetofauna.

( Letters and numbers refer to fig. 15:33.)

A. Southern Assemblage

B. Northermn Assemblage

1. From Austral

Alsodes

Forests

FPleurodema (part)
Bufo spinulosus group

Tachymenis

2. From Patagonia

Pleurodema (

part)

Ctenoblepharis

Liolaemus

3. Derived from

Southern Ancestors
Batrachophrynus

Telmatobius
Stenocercus

Amblyphrynus

Phrynopus

Geobatrachus

Atelopus ignescens group
Osornophryne
Rhamphophryne
Amphignathodon
Cryptobatrachus

Gastrotheca (part)

Hemiphractus

Hyla bogotensis group
Hyla labialis group

Hyla larinopygion group
. From Tropical Lowlands

1. Derived from Tropical Lowland Ancestors

Centrolene

Phenacosaurus
Folychroides

Anadia

Macropholidus

Opipeuter
Pholidobolus

Proctoporus

Diaphorolepis
Saphenophis

Synophis

Umbrivaga
“Urotheca”

Eleutherodactylus unistrigatus group
Colostethus
Gastrotheca (part)

Centrolenella

Euspondylus

Prionodactylus

Atractus
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Fic. 15:33. Hypothesized origins and immigra-
tions into Andean region of the historical components
of the herpetofauna. Numbers and letters in arrows
correspond to those in Table 7.

Origenes e inmigraciones hipotéticos de los com-
ponentes historicos de la fauna dentro de la Region
Andina. Los numeros y letras en las flechas cor-

responden a aquellos en la Tabla 7.

NO. 7

Austral forests. He showed that Batracho-
phrynus is a derivative of a sister group con-
taining Caudiverbera and Telmatobufo, both
of which are presently restricted to temperate
southern Chile, but Caudiverbera has an ex-
tensive fossil record extending back to the
lower Eocene of Patagonia. Lynch (1978b)
also demonstrated that Telmatobius and Al-
sodes are sister groups and that these are most
closely related to Eupsophus, a genus re-
stricted to Austral forests. Alsodes also in-
habits Austral forests as well as Andean slopes
in central and southern Argentina and Chile,
whereas Telmatobius is diverse in the high
Andes from Argentina and Chile northward
into Ecuador.

Pleurodema is a primitive leptodactyline
(Lynch, 1971; Heyer, 1975). Duellman and
Veloso (1977) summarized morphological and
karyological evidence showing that Pleuro-
dema can be derived from an Eupsophus-like
stock of telmatobiines. Furthermore, Duell-
man and Veloso's (1977) cladistic analysis
revealed two phyletic lines of Pleurodema,
members of both of which occur in the Andes.

The Bufo spinulosus group with the ap-
parently primitive B. variegatus confined to
cool temperate South America, is primarily
Andean, and extends northward into the
Huancabamba Depression; some populations
occur in the Atacama Desert and in Pata-
gonia. Cei (1972) and Cei, et al. (1972) con-
cluded that the spinulosus group is distinctive
from other groups of Bufo in South America.
On the evidence from biochemical analysis of
parotoid gland secretions, Low (1972) con-
cluded that the spinulosus group is most
closely related to the boreas and alvarius
groups in North America, and Blair (1972)
suggested that the spinulosus group is related
to the North American boreas group and
the Eurasian viridis group. Estes and Reig
(1973) reported Bufo from the late Paleocene
of Brasil, and Blair (1972) concluded that
the genus arose in South America, although
Blair suggested that the spinulosus group ar-
rived in South America from North America,
a route that is entirely inconsistent with pres-
ent knowledge of Central American geologi-
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cal history and the distribution of the toads
in question.

Northern Herpetofaunal Assemblage —
Thirty-two genera and species groups com-
prise this assemblage. Some of these genera
are disjunct from the major area of congru-
ence in the Andes of southern Colombia and
Ecuador, where 22 of the groups occur. The
disjunct groups are in northern Colombia
( Cryptobatrachus, Phenacosaurus, Euspondy-
lus, Proctoporus), Sierra Nevada de Santa
Marta (Geobatrachus), Cordillera de la
Costa (Umbrivaga, “Urotheca”™). Huancabam-
ba Depression (Polychroides, Macropholi-
dus), and southern Perti and Bolivia (Opi-
peuter ).

Within the northern herpetofaunal assem-
blage, two major groups are recognized—1)
genera or species groups- that evolved in the
Andes, and 2) genera that probably or pos-
sibly originated elsewhere and subsequently
invaded the Andes (Table 15:7, Fig. 15:33).
For some genera (Geobatrachus, Atractus,
Diaphorolepis, Saphenophis, Synophis, Um-
brivaga, “Urotheca”), no meaningful state-
ments can be made about their relationships,
so they are omitted from the following dis-
CUSS1011.

Among those groups that apparently
evolved in the Andes, Lynch (1975a) pro-
vided a careful assessment of Phrynopus,
which he showed to be derived from an Eleu-
therodactylus fitzingeri group ancestor; frogs
of that group are primarily lowland in distri-
bution, although some species (notably E.
w-nigrum ) inhabit the Andes. Lynch (1975b)
analyzed the broad-headed eleutherodactyline
frogs and showed that Amblyphrynus was
most closely related to frogs of the Eleuthero-
dactylus sulcatus group in the Amazon Basin;
he suggested that Amblyphrynus might be an
Andean eleutherodactyline prototype. Three
bufonid genera occur in the northern Andes
Atelopus (ignescens group), Osornophryne,
and Rhamphophryne. Although the genus
Atelopus is widespread in the Neotropics, the
thick-skinned, short-legged species of the
ignescens group are confined to the northern
part of the Andes, including the Sierra Ne-
vada de Santa Marta and the Mérida Andes:
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Atelopus apparently is most closely related to
Melanophryniscus in subtropical South Amer-
ica (McDiarmid, 1971). Trueb (1971) of-
tered various alternative hypotheses for the
relationships of Rhamphophryne; the most
plausible one geographically is that Rham-
phophryne is related to, but not derived
from, Atelopus. Ruiz and Hernandez (1976)
demonstrated that Osornophryne is a spe-
cialized derivative of Atelopus.

Within the family Hylidae. Hyla is poorly
represented in the Andes; three groups of
species are Andean—labialis, larinopygion,
and bogotensis groups. Only the latter is rep-
resented beyvond the Andes (one species in
the Chocé and one in Central America).
There is no evidence to suggest that these
groups are more closely related to one another
than any is to various lowland groups. The
other hylid genera in the Andes (Amphig-
nathodon, Gastrotheca, Cryptobatrachus, and
Hemiphractus) are egg-brooders, a habit
shared with Stefania in the Guiana Highlands
and Fritziana and Flectonotus in southeastern
Brasil; the latter also occurs in the Cordillera
de la Costa and Trinidad. These seven genera
share specialized, umbrella-shaped gills in the
developing embryos. Hemiphractus with its
weird morphological modifications seems to
be an early vicariant from the egg-brooding
stock (Trueb, 1974). Cryptobatrachus is an
obvious sister group to Stefania (Rivero,
1970). Although Gastrotheca also ocecurs in
southeastern Brasil, the major center of differ-
entiation is in the northern Andes; Amphig-
nathodon seems to be merely a Gastrotheca
with mandibular teeth.

Although Centrolenella is diverse in Cen-
tral America, southeastern Brasil, and the
Guiana Highlands, it is most speciose on the
Andean slopes. Members of all species groups
of Centrolenella occur in the northern Andes,
as does the only other genus in the family,
the monotypic Centrolene.

Only two iguanid genera are considered to
be northern Andean. The Colombian Phena-
cosaurus is an apparent derivative of Anolis
(Lazell, 1969; Gorman, et al., 1969). Poly-
chroides is viewed as an upland derivative of
Polychrus, although Gorman, et al. (1969)
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found no karyological differences and con-
sidered Polychroides to be indistinguishable
from Polychrus. The other lizards are micro-
teiids; the relationships of these have been
partially analyzed by Presch (1975), who con-
sidered Prionodactylus, Proctoporus, and Opi-
peuter to belong to one lineage, Euspondiylus
and Pholidobolus to a second, and Anadia to
a third that also includes the genera Ecpleo-
pus and Placosoma, which are extra-Andean.

Of the remaining groups in the northern
herpetofaunal assemblage, the microteiid liz-
ard genera Euspondylus and Prionodactylus,
also occur in the lowlands and have related
(perhaps derived) genera in the highlands—
Pholidobolus and Proctoporus, respectively.
The highly speciose dendrobatid genus Colo-
stethus has some species in the lowlands,
many species on the Andean slopes, and a
tew species in the high Andes; Edwards
(1974) concluded from an analysis of Colo-
stethus that most of the high Andean species
were derived from groups on the lower slopes.

The most speciose group in the northern
Andes is the Eleutherodactylus unistrigatus
group. Lynch (1976b) identified the center
of diversity of the group as the Andes of
Colombia and Ecuador, but numerous species
occur in the upper Amazon Basin, on the
slopes of the Cordillera Oriental in Peru, in
the Sierra Nevada de Santa Marta, and the
Mérida Andes. and in the Cordillera de la
Costa. The greatest species richness at any
one site is in the cloud forests and in the
upper Amazon Basin. Those species groups
in the high Andes were derived from diverse
ancestral stocks at lower elevations (Lynch,
pers. comm. ).

Extra-Andean Groups.—Many species in-
habiting the Andes are members ot groups
that have their greatest diversity, and pre-
sumably their centers of origin, in extra-
Andean regions. The outstanding example is
the salamander genus Bolitoglossa, which is
most speciose in Central America and prob-
ably did not enter South America until the
late Pliocene. The Andean species are mem-
bers of diverse groups of Bolitoglossa which
also imclude some lowland and/or Central
American species (Brame and Wake, 1971).
Other groups in this category are Caecilia
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and the Bufo typhonius group, both of which
have species widely distributed in the low-
lands of Central America, the Choco, and
the Amazon Basin, but which have species
endemic to the Andean slopes.

In summary, the Andean herpetofauna
evolved from ancestral stocks from the low-
lands. These are readily assignable to two
major Andean assemblages—northern and
southern. The dispersal of the groups is re-
flected in their diminishing importance in the
faunas of regions more remote from their
centers of dispersal (Table 15:4) and the
peripheral limits of their distributions ( Figs.
15:34-35). It is evident that the central
Andes in Perti are a major area of transition
between the northern and southern assem-
blages.

DISPERSAL AND DIFFERENTIATION

By comparison with the other highland
regions in South America, the Andes are very
yvoung. Although some uplift occurred prior
to the Miocene, the major tectonic events that
resulted in the uplift of the Andes began only
about 20 million vyears ago with major
orogenies occurring toward the end of the
Pliocene and through the Pleistocene—all
within the last 2.5-4.5 million vears. Climatic
fluctuation during the Pleistocene is a final
factor in the complex and geologically recent
series of events that have molded the Andes
and their environments into the features that
we see today. Thus, the early evolution and
dispersal of the herpetofauna must be viewed
with respect to the mid-late Cenozoic events,
whereas much of the dispersal and differen-
tiation is intricately associated with Quater-
nary events.

In the early Tertiary, southern South
America was more equable than at present;
the austral forests of Araucaria, Laurelia, and
Nothofagus occurred northward at least to
30°S Lat. in Chile and across Patagonia in
the Oligocene (Jeannel, 1967). Subsequent
to the Eocene, there was gradual cooling and
drying in southern South America. Associated
with the rain shadows created by the rising
Andes, a semideciduous xerophytic vegeta-
tion, termed the Tertiary-Chaco Paleoflora by
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Fic. 15:34. Northern limits of distribution of genera of the southern herpetofaunal assemblage.

Limites de distribucion norte de los géneros del conjunto herpetologico sureno.
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Fic. 15:35. Southern limits of distribution of genera of the northern herpetofaunal assemblage. Additional
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Amazonian lowlands.

Limites de distribucion sur de los géneros del conjunto herpetologico norteiio.  Especies adicionales de
Atelopus y Eleutherodactylus han entrado a las laderas estes de Peru y Bolivia desde las tierras bajas del
Amuazonuas.,
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Solbrig (1976), developed east and west of
the Andes. Continued climatic desiccation
along the Pacific coast resulted in the elimina-
tion or restriction ot the Tertiary-Chaco Paleo-
flora, leaving disjunct distributions as far
north as southern Ecuador (Jeannel. 1967).
The development of the extreme xeric condi-
tions of the Atacama Desert and the restric-
tion ot chaparral vegetation to central Chile
occurred in the Pleistocene, when the Andean
orogeny thrust the cordilleras to their present
heights, and the cold Humboldt Current as-
sumed its present course. Prior to the present
positioning of the Humboldt Current, more
precipitation would have fallen on the west-
ern slopes of the Andes in Perti and northern
Chile (Simpson, 1975a). Furthermore, cli-
matic fluctuation during the Pleistocene pro-
vided at least intermittent, less xeric condi-
tions along the coast ( Campbell, 1976, 1979).
The lacustrine deposits in the Altiplano prob-
ably are ot Pleistocene age, when the area
had an extensive lake system (Lohmann,
1970).

During the Middle and Late Tertiary, the
northern Andes were being elevated. Differ-
ent ranges had somewhat different histories
with respect to uplift and volcanism, but the
final uplift of all of the tropical ranges oc-
curred in the late Pliocene and Pleistocene
( Ahlteld, 1970; Gansser, 1955: Sauer, 1971:
van der Hammen, et al., 1973). Climatic
change was principally a cooling effect with
continued humid, but probably more equable,
temperatures, with the exception of fluctua-
tion ot temperatures and precipitation corre-
lated with glacial and interglacial stages (van
der Hammen, et al., 1973). The structural de-
pressions between some of the principal cor-
dilleras (e.g., Cauca and Magdalena valleys
and Huancabamba Depression) became more

significant as the cordilleras were elevated
( Simpson, 1975b).

Early workers, such as Chapman (1917)
and Chardon (1938), attempting to explain
the origin, speciation, and distribution of high
Andean biotic components, were hampered by
the then persistent ideas of the antiquity and
immutability of the lowland forests and little
or no knowledge of the Pleistocene climatic
changes in the Andes. B. S. Vuilleumier

(1971 ) summarized existing knowledge about
Pleistocene climatic changes in South Amer-
ica and provided profound interpretations of
the effects of these changes on the Andean
flora and fauna. F. Vuilleumier (1970) exam-
ined the paramo avifauna of the northern
Andes in light of the theory of island biogeog-
raphy put forth by MacArthur and Wilson
(1967 ); his results showed close correlations
with predictions of numbers of species and
endemics with island (= paramo) size and
distance from the presumed source of immi-
gration (see also Mauriello and Roskaski,
1974), but he did not consider Pleistocene
climatic effects to be important to the avi-
fauna. Haffer (1970, 1974) and van der Ham-
men (1972) emphasized that Pleistocene cli-
matic Huctuations have been a primary factor
in the expansion of ranges of the Andean
biota. Simpson (1975b) performed an analy-
sis of distribution of some groups of the
paramo flora and found higher correlations
between areas of glacial paramos, their dis-
tances from source areas, and the number of
species than with the modern paramo param-
eters.

Few systematic and evolutionary studies
on Andean amphibians and reptiles have at-
tempted to explain patterns of speciation and
distribution as the result of Pleistocene cli-
matic changes ( Duellman, 1972, 1974; Fritts,
1974; Montanucci, 1973 ). It is constructive to
examine selected groups of the herpetofauna
in light of Late Tertiary and Quaternary tec-
tonic events and climatic changes.

Northern Pdramos.—The proposed depres-
sion of tree line by about 1000 m at glacial
maxima would have resulted in extensive
areas of paramo where now only relatively
small paramo islands exist (Simpson, 1975b).
F. Vuilleumier's (1970) and Simpson’s
(1975b) results on avian and floral distribu-
tions, respectively, suggest that herpetofaunal
patterns should show positive correlations be-
tween the numbers of species and paramo-
island size and distance from areas of emigra-
tion. One of the basic tenets of MacArthur
and Wilson’s (1967 ) theory of island biogeog-
raphy is that there is dispersal from a source
area and that the number of immigrants that
become established on a given island is pro-
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portional to the size of the island and in-
versely proportional to its distance from the
source area. An important consideration in
this concept is the mode of dispersal—active
( birds, bats, some reptiles, mammals, and in-
sects ), passive aerial (some plants and some
insects), and passive wailing (everything
else). With a few exceptions, amphibians
and reptiles apparently reach oceanic islands
by ratting. However, rafting is not a means of
dispersal between montane islands. There-
fore, the presence of a species of frog or
lizard on presently isolated paramo islands
cannot be explained by direct dispersal; in-
stead they must be considered as relictual
isolates of former more widespread distribu-
tions. Brown (1971) reached the same con-
clusion with respect to North American mon-
tane mammals.

Climatic depression of as much as 1000 m
would have united most of the present para-
mos in the Cordillera Oriental in Colombia
into one extensive paramo; the same is true
tor those in the Cordillera Central of Co-
lombia, the Nudo de Pasto, and the cordilleras
in Ecuador ( Fig. 15:36). There are groups of
species that are endemic to the present para-
mos in the Cordillera Oriental of Colombia.
For example, the Eleutherodactylus elegans
complex of the E. unistrigatus group has three
species (affinis, bogotensis, elegans) in the
paramos in the vicinity of Bogota, one species
(lynchi) farther north in the Paramos de
Guantiva, Rusia, and Vigajual, and another
(nicefori) still tarther north in the Paramo
de Almorzadero. Only two species occur in
sympatry ( bogotensis and elegans in Paramo
de Choachi). All of the species currently live
at elevations above 2800 m. Thus, the distri-
bution of this species complex can be ex-
plained by 1) origin from one stock in the
Cordillera Oriental, 2) widespread dispersal
during time of climatic depression, 3) isola-

TasLE 15:8,.
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tion and speciation during times of climatic
elevation, 4) dispersal and secondary contact
resulting in sympatry at subsequent time of
climatic depression, and 5) present isolation
on paramo islands.

Similar patterns are evident in the micro-
teiid lizards of the genus Pholidobolus, five
species of which inhabit the Andes trom 1800
to 3960 m in Ecuador; with the exception of
two cases of sympatry, their distributions are
confined to particular combinations of cor-
dilleras and/or inter-Andean valleys (Mon-
tanucei, 1973). Likewise, frogs of the Eleu-
therodactylus curtipes complex show allopat-
ric distributions in the high cordilleras in
southern Colombia and Ecuador, as do frogs
of the genus Phrynopus in paramos and sub-
paramos from Colombia to Pera (Lynch,
1975a) and members of the Gastrotheca mar-
supiata group in Peru (Duellman and Fritts,
1972). The two species of high montane toads
( Osornophryne ) are now isolated in separate
paramos in the Cordillera Central of Colom-
bia and the Nudo de Pasto, but climatic de-
pression of 1000 m would have united all of
these paramos (Table 15:8).

Some phyletic lineages occur at high ele-
vations in the Cordilleras in Colombia and
Ecuador as well as in the Mérida Andes
and/or the Sierra Nevada de Santa Marta.
Thus, the 11 species in the Atelopus ignescens
group are distributed principally above 2800
m in the cordilleras of Colombia and Ecuador
(8 species), above 2350 m in the Sierra Ne-
vada de Santa Marta (1 species), and above
2010 m in the Mérida Andes (2 species). As-
suming that this group dispersed trom the
major northern Andean ranges, climatic de-
pression would have had to have been more
than 1000 m in order to allow them to disperse
into the Sierra Nevada de Santa Marta and
the Mérida Andes or at the time of dispersal
the frogs were able to tolerate warmer condi-

Genera and Species Groups Endemic, or Primarily Restricted, to Regions of Major Pleistocene

Paramo-Islands,

( Letters refer to locations in hg. 36.)
~ Cordillera Central (B)

Cordillera Oriental ( A)
Eleutherodactylus bogotensis group
Bolitoglossa adspersa group
Phenacosaurus

Osornophryne

Ehamphophryne
Gastrotheca aureomaculata group

Nudo de Pasto-Ecuador (C)
Eleutherodactylus curtipes group
Eleutherodactylus unistrigatus group
Gastrotheca plumbea group
Pholidobolus
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F1c. 15:36. The northern Andes showing approximate parameters of paramo islands (heavy lines) assuming
a 1000 m climatic depression. Modified from Simpson (1975b). Letters refer to Table 8.

Los Andes del norte mostrando parametros aproximados de las islas de pdramo (lineas gruesas), asumiendo
una depresion climdtica de 1000 m. Modificado de Simpson (1975b). Las letras corresponden a la Tabla 8.
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tions than they do now. The same is true for
two other montane frogs—Huyla labialis ( pres-
ent range: 2000-3000 m) and Centrolenella
buckleyi (2000-3400 m ).

Other groups of amphibians and reptiles
in paramos and subparamos have distribu-
tions that also extend down into cloud forests.
Their presence as isolates in various ranges
in the Andes can be explained by their for-
merly having wider distributions that in-
cluded now uninhabitable lowlands. As the
climates in the intervening lowlands became
less equable, the animals became isolated in
various montane habitats. Examples are frogs
of the genus Cryptobatrachus, lizards of the
genus Anadia, and salamanders of the genus
Bolitoglossa (Fig. 15:37). The enigmatic frog
Geobatrachus in the Sierra Nevada de Santa
Marta presumably is a Pleistocene relict of
some unknown lowland ancestor.

Cloud Forests—The montane rainforests
or cloud forests are fragmented by low val-
leys and by high cordilleras. Presumably at
times of depression of vegetation zones owing
to climatic factors, cloud forest extended
across some of the lower areas now supporting
lowland tropical rainforest or dry forest. Thus,
dispersal routes would have been available
between the Sierra Nevada de Santa Marta,
the Mérida Andes, the Cordillera de la Costa,
and the Cordillera Oriental in Colombia,
thereby permitting dispersal of some cloud
forest groups, such as Bolitoglossa, Eleuthero-
dactylus, Atelopus, and Centrolenella in these
areas. Likewise, dispersal between cloud for-
ests in the Ecuadorian and Peruvian cor-
dilleras would have been possible across the
Huancabamba Depression, where cloud for-
ests exists now only on isolated ridges. Cli-
matic fluctuation apparently was important in
the dispersal and speciation of stream inhabi-
tants such as Colostethus and Centrolenella,
many species of which are isolated in head-
waters of confluent drainages but do not occur
now in the areas of confluence.

Trans-Andean dispersal of cloud forest in-
habitants must have occurred at times of
climatic elevation or when the Andes were
lower, with continuous cloud forest from the
eastern to the western slopes. Numerous spe-
cies of the genera Eleutherodactylus, Atelo-
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pus, Rhamphophryne, Gastrotheca, Hemi-
phractus, Hyla, and Centrolenella have close
relatives on opposite sides of the Andes (Fig.
15:35). One member of the predominately
lowland Eleutherodactylus fitzingeri group
(E. w-nigrum) occurs at elevations of 1230-
2500 m in cloud forests on both slopes of the
three cordilleras in Colombia and on the
Pacific and Amazonian slopes in Ecuador, and
the snake Chironius monticola ranges through
cloud forests from Venezuela to Bolivia (Fig.
15:39). Some of these groups also occur in
the cloud forests in the highlands of Panama.
Each of the following groups—Rhampho-
phryne, Gastrotheca, Hemiphractus, and the
Hyla bogotensis group—has one representa-
tive there and many in the Andean cloud
forests.

Central and Southern Andes.—Although
most taxonomic groups of the herpetofauna in
the southern Andes are restricted to either
the Patagonian or the Pacific slopes, some
groups have related species on both sides—
Alsodes, Telmatobius, and Liolaemus. In the
far south, some Patagonian species follow
present continuous Patagonian scrub through
low Andean passes; thus Patagonian species
such as Pleurodema bufonina, Diplolaemus
leopardinus, Liolaemus kriegi, and Phymatu-
rus palluma occur on the Pacific slopes of
Andean passes. Farther north, mostly differ-
ent species occupy similar ecological niches
on the two slopes, but Liolaemus fitzingeri has
populations isolated on both slopes. This
suggests that in the not too distant past, cli-
matic conditions were elevated sufliciently
that the lizards were able to disperse across
the Andean divide.

The existing, continuous high montane
habitats presently allow dispersal for such
widespread species as Pleurodema marmo-
rata, Liolaemus multiformis, Tachymenis
peruviana and members of the Bufo spinulo-
sus group; all are present on the Altiplano
and in the cordilleras and high inter-Andean
valleys northward at least to central Pert
(Fig. 15:34). The extensive and more con-
tinuous high montane regions in the central
Andes of Perti, Bolivia, and northern Argen-
tina and Chile seem to have afforded few
opportunities for isolation and differentiation
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Fic. 15:37. Distribution of salamanders of the genus Bolitoglossa in the northern Andes.
Distribucion de las salamandras del genero Bolitoglossa en los Andes del norte.
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Fic. 15:38. Distribution of the two primarily Andean species of horned frogs, genus Hemiphractus.
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of high montane species during the Pleisto-
cene. The notable exception is in the eastern
front ranges of the Andes where paramo
islands apparently persisted, expanded, and
contracted resulting in isolated populations
and speciation in frogs ( Phrynopus and Gas-
trotheca) and lizards ( Proctoporus).

Two genera are diverse in the central
Andes and deserve individual consideration.
Lizards of the genus Stenocercus primarily
live in xeric habitats below 3500 m. Fritts
(1974) analyzed the evolutionary relation-
ships of the species and showed that three
phyletic lines evolved in different parts of the
central Andes; he considered that the com-
plexities of the Andean orogenies in the Plio-
Pleistocene and climatic fluctuation in the
Pleistocene were the primary factors in spe-
ciation events in Stenocercus. The important
thing here is that isolation was in valleys, not
on mountain tops. At present, 23 species of
the aquatic frogs, Telmatobius. are recognized
in the central Andes; two others occur in the
southern Andes and five others in the Huan-
cabamba Depression and in Ecuador. On the
Altiplano and in the Peruvian Andes most
species occur at elevations in excess of
3000 m, where they live in cold streams; in
many cases they are found most commonly
in small rivulets near the crests of ridges at
more than 4500 m. Most species are allo-
patric. It seems likely that the dispersal and
subsequent isolation and speciation of these
trogs was associated with climatic Huctuations
and actual glaciation of the high central
Andes in the Pleistocene. The systematic rela-
tionships of the species of Telmatobius pres-
ently are too poorly known to assess fully the
historical biogeography of the group.

The other aquatic high Andean frog, Bat-
rachophrynus, represented by two species in
central Perti, apparently is an ancient relict
of a group having a widespread distribution
southward prior to the uplift of the Andes.

In summary, the patterns of dispersal and
differentiation of the high Andean herpeto-
fauna are intimately associated with the ele-
vation of the Andes in the late Pliocene and
Pleistocene, glacial events during the Pleisto-
cene, and climatic fluctuation during the
Pleistocene. Likewise, these events influenced
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the dispersal and speciation of inhabitants of
the Andean cloud forests. The greatest
amount of isolation of high montane species
took place in the dissected northern Andes
and southward in the front ranges of the
Cordillera Oriental in Peri. Hypothesized
Pleistocene parameters of paramos commonly
encompass the ranges of species or groups of
closely related species now isolated on
smaller paramo islands. Inability of high An-
dean species to disperse across unsuitable
habitats between Pleistocene paramos re-
sulted in major highland areas each having
groups of species independently derived from
lowland stocks, or at least separate centers of
differentiation in these areas (Fig. 15:40).
Thus, the results of F. Vuilleumier (1970) and
Simpson (1975b) relating to avian and floral
montane island biogeography differ from
those dealing with the herpetofauna. Wide-
spread distributions of some high montane
species in the Altiplano and the central Andes
are indicative of post-Pleistocene dispersal
through existing suitable habitats. Tectonic
and glacial events in the central Andes af-
tected the dispersal and isolation of inhabi-
tants of the presently xeriec dry valleys and
aquatic inhabitants of the high cordilleras,
whereas in the southern Andes, these events
resulted in the isolation of populations on
eastern and western Andean slopes.

ANDEAN HERPETOFAUNAL
COMMUNITIES

Community studies of the Andean herpe-
tofauna are limited to a few papers. Péfaur
and Duellman (1977) reported on community
structure of the herptofauna at 10 Andean
sites; their analyses primarily were concerned
with niche breadth and niche overlap with
respect to structural habitat and food. Test,
Sexton, and Heatwole (1966) reported on the
reptiles from the Rancho Grande region in
the Cordillera de Ia Costa in Venezuela; some
inferences about the reptile community can
be gained from their paper. Lynch (1976a,
1979) and Lynch and Duellman (1979) com-
mented on eleutherodactyline frog communi-
ties in Ecuador.
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Communities may be defined in many
ways. Here I am limiting a community to
the herpetological components of a given site
that are geographically sympatric but not
necessarily syntopic. Thus, in a cloud forest
community an arboreal Gastrotheca may be
living some 20 m above a terrestrial Bufo, but
they are considered to be members of the
same community. The actual area encom-
passed at a given site is variable, but experi-
ence has shown that all members included in
a given community can be expected to utilize
at least some of the same resources at some
stage in their life histories.

The following analysis of Andean herpeto-
faunal communities is based on data from 40
communities; most of the data were gathered
by me and my field associates in 1974 and
1975, although some of the data from sites
14 and 16 were collected in 1971 and 1972.
Sites 23 and 24 were studied in 1977, and data
from sites 19-21 were collected by Thomas
H. Fritts in 1970. The analysis is divided into
three categories—cloud forest (CF), paramo
and subparamo in the northern Andes (P),
and communities above tree line in the cen-
tral and southern Andes (S). In the following
list of sites, the category is given in paren-
theses; the numerical sequence refers to the
location of the site in figure 15:41. Boldface
words identify the sites in tables 15:9-14.

1. Paramo de Guantiva, 22 km SSW of
Susacon, Norte de Santander, Colom-
bia, 3000 m (P).

2. Paramo de la Rusia, Boyaca, Colom-
bia, 3340 m (P).

3. Paramo de la Vigajual, Vado Hondo,
Boyaca, Colombia, 2660 m (P).

4. Paramo de Choachi, Cundinamarca,
Colombia, 3320 m (P).

5. Rio Calima, Valle, Colombia. 1230 m
(CF).

6. Paramo de las Hermosas, 7 km NE

of Tenerife, Valle, Ln]nmbn 2850 m
(P).

7. Paramo de Puracé, Cauca, Colombia,
3300 m (P).

8. Nudo de Pasto, 8 km NE of Pasto, Na-
rino, Colombia, 3020 m (P).

9. Nudo de Pasto, 12 km E of Pasto,
Narino, Colombia, 3050 m (P).

NO. 7

o
21” 22 23
_.H i "]2_22 " e 1
28&3] ) *30_32 ey
33 3 4 5
-55* -
30° A ; | 2

-1000 M

1000 KM

Fic. 15:41. Location of 40 herpetofaunal com-
munities in the Andes. See text for sites designated
by numbers.

Localidades para 40 comunidades herpetolégicas
de los Andes. Ver el texto para los sitios designados
por numero.
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11.

13.

14.

15.

16.

3.

30.
31.
32.
33.
34.
35.

36.

. Abra Soraccocha,
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10.3 km W of El Pepino, Putumavo,
Colombia, 1430 m (CF).

Paramo El Angel, 14 km SW of Tul-
can, Carchi, Ecuador, 3350 m (P).

.4 km NE of Dos Rios, Pichincha,

Ecuador, 1140 m (CF).

Quebrada Zapadores, 5 km ENE of
Chiriboga, Pichincha, Ecuador, 2050
m (CF).

Rio Azuela, Napo, Ecuador, 1740 m
(CF).

Rio Salado, Napo, Ecuador, 1410 m
(CF).

Laguna de Papallacta, Napo, Ecuador,
3330 m (P).

Mulal6, Cotopaxi, Ecuador, 2990 m
(P).

Desierto de Palmira, 2.5 km S of Pal-
mira, Ecuador, 3110 m (P).

. Huamachuco, La Libertad, Peri, 3350

m (S).

. Huaraz, Ancash, Perti, 3250 m (S).
. Comas, Junin, Peri, 3220 m (S).
. Abra Tapuna, Ayacucho, Peru, 3710

m (S)

. Abra Malaga, Cuzco, Perti, 4080 m

(S).

. Abra Amparaes, Cuzco, Perti, 3750 m

(S)

. Abra Acanacu, Cuzco. Peri. 3520 m

(S).

. Rio Cosnipata, Cuzco, Perti, 1700 m

(CF).

. Abra Toccloccasa, Avacucho, Per,

3920 m (S).
Apurimac, Peru,

4080 m (S).

. Abra Huancarane, Cuzco, Perti, 3790

m (S).

Santa Rosa, Puno, Pert1, 4010 m (S).
Puno, Puno, Peri, 3850 m (S).

13 km E of Tambillo, L.a Paz, Bolivia.
38580 m (S).

Portazuelo  Chapiquina,
Chile, 4080 m (S).

35 km W of Chala, Cochabamba, Bo-
livia, 4380 m (8S).

Rio Grande, Jujuy, Argentina, 3520 m
(S).

Quebrada del Toro, Sierra de Uspal-
lata, Mendoza, Argentina, 2790 m (S).

Tarapaca,
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37. Lo Valdés, Santiago, Chile, 2250 m
(S).

38. Paso, El Choique, Mendoza, Argen-
tina, 2050 m (S).

39. Laguna La Laja, Bio-Bio, Chile, 1325
m (S).

40. Laguna Blanca, Neuquén, Argentina,
1275 m (S).

In the following discussion of communi-
ties, emphasis is placed on the composition
of the communities and the utilization of
the structural habitat.

CLOUD FOREST COMMUNITIES

Seven communities in cloud forests have a
high preponderance of anurans (68-93:
X = 83.3%). Frogs of the genera Eleuthero-
dactylus (23-47; x = 32.1%) and Centrole-
nella (5-26; X = 17.1%) comprise about half
of the species at any given site, although at
some sites Colostethus make up 13 percent of
the fauna, and at others bufonids comprise
15 percent of the fauna (Table 15:9).

Comparison of the species composition of
the different communities in cloud forests
reveals that even between closely approxi-
mated sites there are large differences in the
component species (Table 15:10). For
example, the highest coefficient (0.44) of
community® is between the sites at the Rio
Azuela (1740 m) and the Rio Salado on the
eastern slopes of Ecuador; these sites are
about 18 km (airline) apart. El Pepino (1430
m) 165 km north of the Rio Azuela has co-
efficients of 0.33 with the Rio Azuela and 0.28
with the Rio Salado. Still lower coefficients
exist among sites on the Pacific slopes and
the lowest coeflicients are between the Ecua-
dorian-Colombian sites and the Rio Cosiii-
pata, some 1750 km to the southeast. These
differences in species composition are to be
expected because of the extremely limited
latitudinal and altitudinal ranges of many

" Calculated by the formula CC = 2C/(N, + N.).
where CC = coefficient of community; C = num-
ber of species in common; N; = number of species
in first community and N. = number of species in
second community.
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TasLE 15:9.—Herpetofaunal Composition of Seven Communities in Andean Cloud Forest.

Group Calima Dos Rios  Zapadores El Pepino  Azuela Salado  Cosnipata
Eleutherodactylus T 6 9 6 10 7 6
Other leptodactylids o 1 : 2
Dendrobabds - e oo = 2 = 4 2 1
Bufonids ___ : 2 1 2 2 4
Hela - : o 1 3 1 4 1 4 4
fther hylids: = o) 1 = & 3 5 3 2
Centrolenids . 5 1 1 1 6 4 4
Gekkonids o _ . 1 5 = - . i
Iguanids: == - —ceeno—n o o 4 2 3 1 1 1
Microteiids .. 3 - 1 I - 2
Shakes .. . _ 3 3 1 1 =

ToOTAL SPECIES - 19 25 19 19 30 24 26

Tasre 15:10.—Comparison of the Herpetofaunas in Seven Communities in Andean Cloud Forest,
( Numbers of species in a given community are in boldface; numbers of species in common to two communities
are in Roman, and the Coeflicients of Community are in italics.)

——

Calima Dos Rios  Zapadores El Pepino  Azuela Salado  Cosnipata
Calina o = 19 4 2 1 1 1
Dos Rios ... 0.18 25 3 y g
Zapndores - o ool 0.11 6.13 19 1 l 1
El Pepino .. : 0.0 @ (.05 19 8 6 |
Azvela 004 0.04 0.33 30 12 1
Salade — - oo 0.04 0.04 0.28 0.44 24 1
Cosnipata 0.04 0.04 0.04 26

— e ——————————

species inhabiting the cloud forests (see
Table 15:1 and Figs. 15:18-19). Thus, even
though the structural habitat is essentially the
same at sites separated by only 400-500 m
elevation or 20-30 km distance (and one or
more ridges and valleys) the species composi-
tion can be expected to be different by more
than 50 percent.

Analysis of structural habitat utilization
in cloud forest communities was restricted to
the anurans, because they comprise the vast
majority of the species in the communities.
Four factors were analyzed—1) distance from
water, 2) vertical distribution, 3) diel ac-
tivity (noctural and diurnal), and 4) snout-
vent length (largest adult male). Multivari-
ate discriminant function analysis of the mean
values of each species results in a three-di-
mensional plot of the component species each
placed in a hypervolume of structural habitat
utilization (Fig. 15:42). The illustration of
the community at the Rio Azuela, used as an
example, shows that the 28 species of frogs
utilize the entire spectrum of the structural
habitat. Most species segregate well on two
or more axes; only one tight cluster exists
(upper left). These are four species of Cen-

trolenella, which differ from one another in
mating call and calling site—two call from
undersides of leaves and two from tops of
leaves.

Paramo Communities

Herpetological communities in the para-
mos of the northern Andes have only 5-8
species, mostly (67-100; x = 86.9%) am-
phibians, with frogs of the genus Eleuthero-
dactylus comprising 14-63 (X = 35.8) per-
cent of the species in a given community. No
more than three species of reptiles (all liz-
ards) are found in any one community ( Table
15:11).

In general, differences between communi-
ties are primarily a function of distance (also
historical connection). As examples, the par-
amos of Guantiva, Rusia, and Vigajual are
within 100 km of one another and differ in
species composition only by the addition of
one frog, Atelopus ebenoides, at Paramo de
Vigajual. However, these three sites and Par-
amo de Choachi, which has at least 50 per-
cent of its species in common with the other
three sites, are the only sites in the Cordillera
Oriental in Colombia: these four sites have
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Fic. 15:42. Three dimensional plot of the multivariate means of 28 species of frogs in a cloud forest com-
munity at the Rio Azuela, Ecuador. Axis 1 is size, increasing from left to right; Axis II is height above ground,
increasing from bottom to top; Axis III is association with water, increasing from front to back. Solid sym-

bols are nocturnal species; open circles are diumal ones.

Distribucion tridimensional de los promedios multivariados de 28 especies de anuros en una comunidad de
selva de neblina en el Rio Azuela, Ecuador. Eje I es tamaio, incrementandose de izquierda a derecha: Eje 11
es altura sobre el suelo, incrementandose de abajo hacia arriba: Eje 111 es asociacion con agua, incrementandose
desde el frente hacia atras. Stmbolos llenos representan especies nocturnas; circulos claros representan especies

diurnas.

TasLE 15:11.—Herpetotaunal Composition of Twelve

e ———

Communities in Northern Andean Paramos.

« = i
Z 3 3
Genus = = 4o =
= = =t =
: _ & o' = @
Bolitoglossa e 1 1 1 1
Eleutherodactylus el 1 1 2
POITRODGY, = o e S | 1 1
Telmatobius I | a _
Colostethus : , 1 1 1 1
Atelopuy e o 3z 1
Osornophryne
Gastrotheca : - __ . y!
Centrolenella ==l A ~
Stenocercus .. . - =
AR e e ] 1 1
Pholidobolus ...
Prionodactylus -
FProctoporus TS AT = :
Torsar Species 6 6 7 5

w o =
z - 2 S [ S o =
¢ I @ = < B 3= £
= e s €2 L (= -]
3 5 3 5 3 3 1 1
; 1 ”
4 1
1 1 =
1 1 1 1 1 1 1 ]
1 : 1
1 1 1 1 1
1 ) | ]
> g 1 1 1
1
. . 2 1
1
: 1 :
i 1 8 5 v f § &

no species in common with sites in the other
cordilleras ( Table 15:12).

In the relatively simple paramo communi-
ties, the differential utilization of resources
was measured with respect to 1) distance
from water, 2) utilization of rock cover, 3)
diel activity, and 4) snout-vent length (larg-

est adult male). The ratio of diurnal to noc-
turnal species varies from 1:3 to 5:3; all of
the reptiles and frogs of the genera Atelopus
and Colostethus are diurnal. Using the Par-
amo de Vigajual as an example, it can be
seen that the seven species in the community
are distributed throughout the spectrum of
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TasrLe 15:12.—Comparison of the Herpetofaunas im Twelve Communities in Northern Andean Paramos.
( Numbers of species in a given community are in boldtace; numbers of species in common to two communi-
ties are in Roman, and the Coethcients of Community are in italics.)

e — - < = T £

g , £ 9 & = &8 &£ » 2 o g

o = = o s (¥ z &3] [=] ¥ P Ay
Guantiva G 6 6 3
Rusia . . 100 6 G 3 I
Migajaal o - - 83 (97 7 3 1 1 -
Choachi .. 0.55 055 .50 5 - - " - 5
HEMIOERS: covieree o B b ) e 0.14 T 3 1 1 2 1
Puracé ... _ = SO . 043 7 1 4 3 1 -
NE Pasto ... —— s = Sl 0.13 0.13 S 3 3 1 1 1
FPastn e s e o, TNl s 0.13 0.53 0.38 S 4 2 1 i |
] T T R e 0.29 043 040 0.53 7 3 2 2
Papallacta ... .. . . . 015 015 014 029 0486 6 2 2
NEIRlG - L . W e e B ST D 0.14 0.14 031 0.33 6 o2
O T3 Do ey et e e e e e s 014 014 031 033 0.83 6

resources; among the four small species of
trogs (left side of Fig. 15:43), two are noc-
turnal and two are diurnal.

CENTRAL AND SOUTHERN
ANDEAN COMMUNITIES

Herpetological communities in the high
central and southern Andes have only 3-7
species; this number increases to 10 in com-
munities at lower elevations in the Patagonian

transition zone in the Andean foothills in
southern Argentina. Of the 21 communities
analyzed (Table 15:13), four are on the east-
ern ridges of the Cordillera Oriental ( Tapuna,
"Malaga, Amaparaes, Acanacu) and have 60—
80 (x = 75.5) percent of the fauna composed
of anurans. Another 12 sites are in the drier
central Andes, Cordillera Occidental, and Alti-
plano, where anurans comprise 33-75 (X =
57.5) percent of the fauna. Five sites are on
the arid slopes of the southern Andes; 0-50

1

N\

Fic. 15:43. Three dimensional plot of the multivariate means of seven species in a piramo community at the
Paramo de Vigajual, Colombia. Axis I and III are the same as in fgure 42; Axis II is association with rock,
increasing from top to bottom. Solid symbols are noctumal species, open ones are diumal; circles are amphib-

ians, squares are reptiles.

Distribucion tridimensional de los promedios multivariados de siete especies en una comunidad de pdaramo
en el Paramo de Vigajual, Colombia. Ejes I y I igual que en la ficura 42; Eje Il es asociacion con rocas,
incrementandose de abajo hacia arriba. Los simbolos lenos representan especies nocturnas, los simbolos claros

diurnas; circulos son anfibios, cuadrados son reptiles.
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TasLE 15:13.—Herpetofaunal Cc:-mpi:-sritiun of ng_nl'},'-tme Communities in the Central and _Siﬂlﬂ'IETTi Andes,

e —— —

e —————
= —

o

g ﬂ = % o 'E % LA g

- Ef 5 & B & & g g 8 4 &

% & & 5 & & 5 w9 g £ O Tei B e vel @ U R =

= 8 5 & =®% B & 6§ 5 B FB B & &8 5 8 & n o & 3

= = DB & < <« B »n &4 & B O O g 2 4 &Fd 4 /m
Atelognathus . _ Lot S R i 1
Phrynopus .. _ .. E I 2 . ”
Pleurodema . _. _ EF 3 1 9% B 2 % o5 9 3 3 T
Telmatobius Sl = A Lo B & @ e ) oW F L M 1 .
Bephy cee 5o SN R U ST AT R T S 1 1 1 1
Gastrotheca r ¥ ¥ 2 3% 1 2 ¥ I 1 1 : =
Homonola . _ _ . _ _ . : g § | IR |
Diplolaemus ________ _ T ' = e o = S e IS |
Liolaemus Z A F ¥ 2 3 3 2 2 2 I & 3 4 I 4
Phymaturus . _ 1 _ 1 1
Pristidactylus . _ _ _ _ _ _ _ _ } 1 1
Stenocercus _____ e e B R e = =
Proctoporus ... SIS 0 [\ [ [ [N SR /
Leptotyphlops ... . 1 : o A
Fhllodrgpas.: = - = 1 = - - Pl M 3
Tachymenis S 1 Rl AT [ | n i =

TorTar Speeces . 4 5 5 5 5 5§ 8B 585 38 5 T 79T 4 5 3 4 &5 4 T 4 W

(x = 21) percent of the fauna is anurans.
Lizards of the genus Liolaemus are conspicu-
ous members of these communities, except in
northern Perit and on most of the humid
eastern ridges in central and southern Per.
Elsewhere in the central and southern Andes,
14 species of Liolaemus are present and ac-
count for 14-75 (X = 37.8) percent of the
species within each community.

Within the central and southern Andes,
comparative species composition of communi-
ties apparently is a function of habitat and
distance of sites from one another (Table
15:14). Some species, such as the frogs Phry-
nopus cophites and Gastrotheca excubitor oc-
cur only in the more humid sites on the east-
ernmost ridges of the Andes, whereas toads
(Bufo) and lizards of the genus Liolaemus
are absent at these sites. Farther south in
Argentina and Chile, the high uninhabitable
backbone of the Andes is an absolute barrier
to amphibians and reptiles; thus, species com-
positions of sites at the same latitude but on
opposite sides of the Andes are very different.
However, in southern Argentina and Chile,
where low passes exist in the Andes, species
composition on the two sides of the Andes is
more alike.

Resource utilization was analyzed in the
same manner as in paramo communities;

again, it is noteworthy that species utilize a
broad spectrum of resources within a given
community. For example, the community at
Santa Rosa on the Altiplano has seven spe-
cies—five frogs, one lizard, and one snake
(Fig. 15:44). All of the amphibians are noc-
turnal, and the reptiles are diurnal. Among
the five frogs, Telmatobius marmoratus is
aquatic; Bufo spinulosus and Pleurodema
marmorata deposit eggs in shallow temporary
pools, whereas Pleurodema cinerea constructs
a foam nest in ponds, and Gastrotheca mar-
supiata broods its eggs in a pouch and sub-
sequently releases its tadpoles into ponds.

At the southernmost site (Laguna Blan-
ca), three species of amphibians are closely
associated with the lake (Fig. 15:45). Of the
seven lizards, Homonota darwinii is noctur-
nal. Two species of lizards (Liolaemus bib-
ronii and L. darwinii) are associated with
bunch grass, and the other four are associated
with rocks. Of these, the herbivorous Phy-
maturus patagonicus seeks shelter in crevices
in extrusive basaltic rocks. The other three
species are similar in their size and habitat
(clumped at right of Fig, 15:45). Of these,
Diplolaemus darwinii is carnivorous, Liolae-
mus elongatus is primarily insectivorous, and
L. kriegi is omnivorous, with more than 50
percent of its diet consisting of plants.



MONOGRAPH MUSEUM OF NATURAL HISTORY NO. 7

432

01 eF0 650 FI'O Le0 FIO er'o ¥ro 900 900 EI'O i ) =  er'0 T T T eoue[g
% ¥ sI'0 S¢0 ~— S0 ¢c'0 S¢0 8Io 8I'0 &G0 S i e TH eyl SeSm S Sty iy
G I ’ —— g0 " T SEEGECR S ERRS T T S = T memE Ssems S ocia o — anboy) 14
I I k G e €0 ¢é'0 S¢0 8I'0 8o cco i Gt e T N = s T SapieAog
z = ‘. e g — — seemanmmeems eeeeee =— S e T opgew Seesile e RS = == =T " Eeqeas)
I I - I = ¥ 180 SL0 SL0 £L0 £L0 L90 &0 &0 LI0 G&0 G860 ~— 660 —  — — epuei) o
3 i & il L 0SS0 980 O0F0 OF0 SL0 SG0 S50 8I'0 S0 5S¢0 - T T T T oED
I I = I € d € 190 00 0S0 090 030 00 SI'0 0G0 030 T 030 T T 77 eumbidey)
1 1 = I ) € £ £ ¥ €G'0 S0 680 G0 E&0 LI'O Ge0 Gco - ¢c0 — T T oquep,
I I H I ¥ (4 £ € L 00'T L90 E£E'0 E&0 L0 AI'O AI'0o Lr'O f£€0 — — T oung
I I N I - ¥ ° £ £ L L 290 EE0 EE0 Lé0 LIO ALI0 LI'0O EE0 — = — ESOY EBjuE§
I I - I B £ € £ ¥ ¥ P S oF'0 OF0 I€0 0G0 050 050 O0F0 T 7T eueledueny
- - B N I [ I I 4 G ¢ < 00 ¢90 090 090 090 090 =24 EpRd S E[2000R10§
i i & ) & I [ I I © c 4 g ] ¢9'0 090 090 0950 090 T T T ESED00[D00],
) & = 5 i I I I I (4 i (4 ¥ 14 8 690 LILO0 Ig0 IE0 - T T noEuRdy
= . & I I 1 I I I I [ £ £ P < 08'0 0z0 0z0 ~——— <~ T seeiedwy
= N = N l I I I I I I I £ € S ¥ < ogo ogo — T T enERRy
) - - B B B N . I I I £ £ (e I I < oFo S SrmeresT. RUNIET.
I I N I ) I ) I © G ¢ & 3 © I I G < T T T seuwio)
o o o = o e = o= = = = = e == = = = =2 A m e R ZEIETIH
I i == 2 E = 5 £ i = i =5 = T a I ¥ s DU—._.:UMEN:H.H

o= o L o —_ T T

i L B8 § & o & 2 & ° & B & & B % g E g B ©

= 2 = B B s B g £ 8 28 & & "= °F (AR

= A B =9 =t & = =g P2 7 ]

o v = = m_u E & M

o

(*sor[ejl ul are AjluUnumnuor) jo

SJUITOPFR0D) B} PuB ‘UBWIOY UL SIB SSPTUNUIWIOD 0M) 0} UOWHod ur sorads Jo sioqumu f9D0BJP[O( Ul 218 AJTUNUILIOD UIAIS ® Ul sardads jo siaqumy])
‘SOpUY WIAIN0G puUE [eNUa)) 21} Ul sanlunWwo)) duo-fjuam], ul seunejojadiay 243 jo uosueduwlo)—'f1:CQ] TGV ],



1979 DUELLMAN: HERPETOFAUNA OF ANDES 433

N\

Fic. 15:44. Three dimensional plot of the multivariate means of seven species in a high Andean community
at Santa Rosa, Peri. Axes and symbols are the same as in Figure 43.

Distribucion tridimensional de los promedios multivariados de siete especies en una comunidad altoandina en
Santa Rosa, Peru. Ejes y simbolos son los mismos que en la figura 43.

N\

Fic. 15:45. Three dimensional plot of the multivariate means of ten species in a Patagonian-Andean com-
munity at Laguna Blanca, Argentina. Axes and symbols are the same as in figure 43.

Distribucién tridimensional de los promedios multivariados de diez especies en una comunidad pataginico-
andina en Laguna Blanca, Argentina. Ejes y simbolos son los mismos que en la figura 43.
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INFLUENCE OF MAN

Human occupation of the Andes has
existed for at least 10,000 years, and densely
populated, heavily cultivated areas have been
in continual, or nearly continual, use for about
8000 years (Engel, 1976). Although it is
impossible to state with any degree of cer-
tainty that human activities have not caused
the extirpation of any species of amphibian
or reptile, it seems as though most human
disturbance in the high Andes may be bene-
ficial to most members of the herpetofauna.
At least at the present time, man is a predator
only on the large frogs Telmatobius culeus
and Batrachophrynus in Andean lakes. On
the other hand, some agricultural practices
are extremely beneficial to amphibians and
reptiles. Irrigation systems, mostly small
channels, provide sites for the development
of tadpoles of Gastrotheca, Bufo, Pleurodema,
Centrolenella, and Telmatobius, as well as
adults of the latter. The clearing of fields of
rocks and placing these in piles or as fences
creates seemingly ideal habitat for some frogs
and especially some lizards of the genera Lio-
laemus, Stenocercus, Pholidobolus, and Proc-
toporus. Fence rows of planted Agave also
provide excellent shelter for Gastrotheca,
Stenocercus, and Pholidobolus. Perhaps the
most detrimental human disturbance in the
high Andes results from overgrazing by sheep.
The indirect effect of overgrazing on popula-
tions of insects that are important food re-
sources for frogs and lizards has yet to be
measured.

Whereas human-herpetofaunal interac-
tions in the high Andes do not seem to be
highly detrimental to amphibians and reptiles,
man’s disturbance of the cloud forest has pro-
found effects on the herpetofauna. The clear-
ing of the forest for agriculture and grazing
not only completely destroys the habitat of
many species in a given area, but the conse-
quent deleterious effects of erosion, silting,
and chemical changes influence streams below
the destroyed areas. Although the clearing
of cloud forests is detrimental or even devas-
tating to most species, some frogs and lizards
reach large populations in cafetales or in
torest-edge habitats.

NO. 7

The high Andean herpetofauna seems to
be reasonably safe from extirpation owing to
human activities, because most of the species
with restricted ranges occur_in areas above
normal human activity, Furthermore, some
of these isolated paramos already have been
set aside as national parks, especially in Co-
lombia and Venezuela. Until the last decade
most of the extensive areas of cloud forest
were subject to little human disturbance. The
steep Andean slopes mostly were accessible
only on foot or with pack animals; settlements
consisted only of small ranchos or tambos one
day’s travel apart. However, in recent years,
many roads are being constructed from the
highlands to the Amazonian and Chocoan
lowlands; following the roads are colonists
who quickly clear the forest. When the road
from Papallacta to Lago Agrio, Ecuador, was
opened in October 1971 it was possible to
drive for many kilometers through pristine
cloud forest. By April 1972 many of the areas
of cloud forest already were gone. Certainly
if the unique and diverse biota of the cloud
forests is to be preserved, several large re-
serves must be set aside in the very near fu-
ture. Although steps have been taken in Pern
with the Parque Mann and preliminary work
in Ecuador with the Proyecto Cayambe-Coca,
these are insufficient, because so many cloud
forest inhabitants have restricted ranges.
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RESUMEN

Los Andes se prolongan por cerca de 8000
km cubriéndo casi 66° de latitud desde el
tropico hasta la region temperada del sur.
Por ende, los climas y ambientes en los Andes
son extremadamente variados, incluyendo
desde selvas de neblina hasta paramos, puna,
selvas secas, selvas australes y otros ambientes
de montana, donde la lluvia raramente cae.
Algunas areas tienen clima estable; otras tien-
en fluctuaciones diarias de hasta 20°C, vy
todavia otras tienen periodos frios y sequias.

Las 727 especies de anfibios y reptiles que
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habitan a elevaciones mayores que 1000 m en
los Andes fueron tabulados de acuerdo a sus
distribuciones altitudinales y a los ambientes
ocupados en 27 regiones fisiogrificas de los
Andes (Apéndices 15:1-3). Estas regiones
fueron agrupadas en seis categorias mayores
para propositos de analisis de los patrones de
distribucion.

Cada una de las cuatro regiones dentro de
los Andes venezolanos tiene especies endém-
icas de anfibios y/o reptiles; aquellos de las
dos pequenas regiones de altura—Cerro Tu-
rumiquire y la Serrania de Paria—parecen
haber derivado de la Cordillera de la Costa.,
la cual comparte pocas especies con los Andes
de Mérida. De las 32 especies en los Andes
de Mérida, solo siete se encuentran el la Cor-
dillera Oriental en Colombia. En la aislada
Sierra Nevada de Santa Marta, 16 de las 21
especies en la selva nublada y paramo son
endemicas. Cuatro de las especies no-endém-
icas también ocurren en la Cordillera Orien-
tal en Colombia, y una es compartida con los
Andes de Mérida.

Los Andes del norte, en Colombia y Ecua-
dor, forman un complejo de montanas que
irradian desde el Nudo de Pasto vy se separan
en Colombia por profundos rios de orienta-
cion sur-norte, mientras que en Ecuador se
separan por una serie de hovas interandinas.
De las 415 especies en los Andes del norte,
345 (88%) son endémicos; los sapos y ranas,
con 262 especies (225 endémicos) son el mas
diverso grupo. Siete géneros de anfibios y
reptiles ( Amphignathodon, Centrolene, Osor-
nophryne, Phenacosaurus, Pholidobolus, Sa-
phenophis, y Synophis) son endémicos en los
Andes del norte, y Cryptobatrachus es endém-
ico—con la excepcion de una especie en la
Sierra Nevada de Santa Marta. Varias (43)
de las 70 especies no-endémicas se comparten
con las tierras bajas adyacentes. Sélo 23 espe-
cies son comunes con los Andes pernanos, y
14 especies con comunes con las tierras altas
de Centroamérica; la mayoria de éstas son
especies con distribucion en baja elevaciones
de las selvas de neblina o en las tierras bajas
con selva tropical. Si inicamente las 73 espe-
cies que no bajan de 2500 m se consideran,
todas menos una son endémicas: la culebra
Tropidophis taczanowskyi es comin con los
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Andes peruanos. Dentro de los Andes del
norte, 250 especies con endémicas en una de
las siete regiones fisiograficas, con el mayor
numero de endemismos en la Cordillera Ori-
ental en Ecuador (74), y en la Cordillera Oc-
cidental en Ecuador (65), pero con el mayor
porcentaje de endemismo (54%) en la Cordi-
llera Central en Colombia. La mayor diversi-
dad v el mas alto porcentaje de endemismo
en los Andes del norte ocurre en los sapos y
ranas (especialmente Colostethus, Eleuthero-
dactylus, y Centrolenella), quienes conforman
al 65 por ciento de la herpetofauna del area.
La herpetofauna de las hoyas interandinas
parece haber derivado principalmente de las
cordilleras adyacentes. La mas alta similari-
dad faunistica dentro de los Andes del norte
ocurre entre las cordilleras del este en Colom-
bia y Ecuador, pero cuando las especies de
sobre 2500 m se consideran unicamente, estas
regiones no tiene especies en comun. En esta
misma linea de andlisis todas las especies
altoandinas de la Cordillera Occidental en
Colombia son endémicas.

La Depresion de Huancabamba es la ma-
yor discontinuidad en la cadena principal de
los Andes; el paso mas bajo (Abra de Por-
culla) tiene 2145 m. Aparte de la predomi-
nante fauna de tierras bajas, 43 especies de
anfibios y reptiles habitan la Depresion de
Huancabamba: de ellos, 29 son endeémicas a
la region, incluyendo los géneros monotipicos
Polychroides y Macropholidus. Seis especies
ocurren en la depresion y en los Andes al
norte; dos ocurren en la depresion y en los
Andes al sur; y dos son comunes a las tres
regiones.

Los Andes centrales en Perti son divididos
(para proposito de analisis) en cinco cadenas
mayores y en tres valles intermontanos, mas
la Cordillera Oriental en Bolivia. La herpeto-
tauna consiste en 159 especies (76 endémi-
cas). Dos géneros (Batrachophrynus y Opi-
peuter) son endemicos, y varios generos
tienen multiple nimero de especies—Phry-
nopus, Telmatobius, Gastrotheca, Euspon-
dylus, Proctoporus, y Stenocercus. Solo 12
especies son comunes con los Andes del sur
(incluyendo el Altiplano), y 15 especies son
comunes con las tierras bajas del este.
Tres especies de anuros ( Pleurodema marmo-
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rata, Telmatobius marmoratus, Bufo spinulo-
sus), una de saurios (Liolaemus multifor-
mis ), v una culebra ( Tachymenis peruviana)
se distribuyen ampliamente y son las tunicas
especies que ocurren en las cordilleras del
este y del oeste. La mas alta tasa de endemis-
mo en los Andes centrales ocurre en la parte
sur de la Cordillera Oriental en Pertl, donde
41 de las 76 especies son endémicas.

Los Andes del sur incluyen las cordilleras
en Argentina y Chile y el Altiplano. Alli la
herpetofauna consiste en 64 especies consti-
tuidas por 30 anuros, 31 saurios y tres cu-
lebras. Ningin género es endémico de los
Andes del sur, pero ciertos endémicos aus-
trales como Alsodes se comparten con las
selvas de tierras bajas, como Diplolaemus y
Phymaturus con la Patagonia, y como Garthia
con el desierto de la costa pacifica. De las 64
especies, 36 son endemicas; de las restantes
28, 12 son comunes con la Patagonia, seis con
las selvas australes, cinco con las tierras bajas
aridas del Pacifico, y 12 con los Andes cen-
trales. La mayoria de los endémicos son anu-
ros de los géneros Alsodes y Telmatobius re-
stringidos a particulares sistemas de drenaje,
y saurios de altura del género Liolaemus.
Solo Bufo spinulosus y Tachymenis peruviana
se distribuyen a lo largo de los Andes del sur.

Un andlisis distribucional de todas las 727
especies, y de las 147 especies distribuidas a
alturas mayores de 2500 m (Figs. 15:29-30)
provee las bases para reconocer ocho regiones
ecogeograficas mayores en los Andes (Fig.
15:31). Estas regiones estin separadas por
barreras fisiograficas o ecologicas.

De los 88 géneros de anfibios y reptiles que
viven a alturas mayores de 1000 m en los
Andes, 19 son endémicos a estas montanas:
estos contienen solo 94 (13%) de las especies
andinas. Cuarenta y siete geéneros son pri-
mariamente no-andinos; estos contienen 144
(20%) de las especies andinas. Los otros 22
generos contienen 491 (67%) de las especies
andinas y son de distribucion amplia en la
region Neotropical o bien ocurren en regiones
extrandinas también. Los Andes comparten
47 géneros con la selva amazonica, 46 con
Centroamérica, 42 con el Choco, 36 con el
sureste brasileno, 35 con el Escudo Guayanes,
11 con la Patagonia, seis con las selvas aus-
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trales, y nueve con el desierto de Atacama.
Las relaciones genéricas de la herpetofauna
andina se establecen primariamente con las
tierras adyacentes y no con las tierras de al-
turas del Brasil o de las Guayanas.

La herpetofauna andina se origind por in-
vasiones separadas desde las tierras bajas. Un
conglomerado faunistico surenio esta compu-
esto de grupos derivados de antiguos inmi-
grantes a la region andina y por inmigrantes
tardios de la Patagonia y selvas australes. El
conglomerado faunistico nortefio consiste en
grupos derivados de antiguos y tardios inmi-
grantes de tierras bajas tropicales. Los mo-
delos de dispersion y especiacion de la her-
petofauna altoandina estan estrechamente
asociados con los movimientos orogénicos del
Plio-pleistoceno y con las fluctuaciones cli-
maticas del Pleistoceno. .

Un analisis de la composicion especifica
de 40 comunidades andinas incluyé siete com-
unidades de selvas nublados, 12 comunidades
de paramos, y 21 comunidades en los Andes
centrales y del sur. Las comunidades de sel-
vas nubladas contienen hasta 30 especies, la
mitad de ellas aproximadamente pertenecen a
Eleutherodactylus y Centrolenella. Los bajos
coeficientes de comunidad reflejan un rango
restringido de la mayoria de los habitantes de
las selvas nubladas. En las comunidades de
paramo, los anfibios conforman cerca 87 por
ciento de 5-8 especies de cada comunidad
( Eleutherodactylus conforma cerca del 36%).
Las diferencias entre comunidades de pa-
ramos son una funcion de la distancia. Las
comunidades en los altos Andes del centro vy
del sur tienen entre 3 y 7 especies, incremen-
tandose hasta 10 en las comunidades de las
laderas patagénicas de los Andes. Los rep-
tiles, especialmente Liolaemus, son domi-
nantes en las comunidades a excepcion del
frente este de los Andes peruanos, donde los
anuros conforman hasta un 88 por ciento de
las especies. La composicion diferencial de
las comunidades parece ser una funcién del
ambiente y distancia entre sitios. Analisis
multivariados de la utilizacion de la estruc-
tura del ambiente muestran que dentro de
las comunidades las especies estin utilizando

un amplio espectro de recursos y que sélo

algunas especies quedan agrupadas, en aque-
llos casos, caracteristicas de comportamiento
o reproduccion tienden a separar a aquellas
especies.

La actividad humana en los altos Andes
aparentemente ha contribuido poco al detri-
mento de la herpetofauna; por el contrario, la
contruccion de canales de irrigacion y el apila-
miento de rocas y cercos ha provisto con im-
portantes ambientes para varios anfibios y
reptiles. El sobre pastoreo puede tener ef-
fectos negativos en los insectos que son im-
portantes como alimento de la herpetofauna.
La explotacion de las selvas nublados en las
laderas andinas ha tenido graves consecuen-
cias sobre la herpetofauna; sélo algunas espe-
cies son capaces de sobrevivir en los claros
resultantes. Se necesitan reservas naturales
para preservar la peculiar fauna de las selvas
de neblina, donde la mayoria de las especies
endémicas altoandinas viven.

LITERATURE CITED

AGUERREVERE, S. E., Zuroaca, G. 1937. Ohserva-
ciones geologicas en la parte central de la Cor-
dillera de la Costa. Bol. Geol. Min. 2—4:3-22.

AuHLreLp, F. 1970, Zur Tektonic des Andien Bo-
livien. Geol. Rundsch. 59:1124-1140,

Ausobpin, J., BorreLro, A. V. Cecioni, G., CHAR-
rIER, R., Cuotin, P., Fruros, J., THieLe, R., Vi-
CENTE, ].-C. 1973. Esquisse paléogéographique
et structurale des Andes Meéridionales. Rev.,
Geogr. Phys. Geol. Dyn. 15:11-72.

Barsour, T., Nosrg, G. K. 1920a. Amphibians and
reptiles from southermn Peru collected by the
Peruvian expedition of 1914-1915 under the
auspices of Yale University and the National
Geographic Society. Proe. U.S. Natl. Mus. 58:
609620,

Barsour, T., NoeLg, G. K. 1920b. Some amphibians
from northwestern Peru, with a revision of the
genera Phyllobates and Telmatobius. Bull. Mus.
Comp. Zool., Harvard Univ. 63:395—427.

Barnio, A. 1965. Las subespecies de Hyla pulchella
Dumeéril y Bibron (Anura: Hylidae). Phvsis 25:
115-128.

Bram, W. F. 1972, Summary, pp. 329-343 in
Bram, W. F. (ed.). Evolution in the genus Bufo.
Univ, Texas Press, Austin, 459 p.

Brame, A, H., Jr.,, Wake, D. B. 1963. The salaman-
ders of South America. Contrib. Sci. Los Angeles
Cty. Mus. (69):1-72.

Brame, A. H.,, Jr, Wakg, D. B. 1971. New species
of salamanders (genus Bolitoglossa) from Co-
lombia, Ecuador, and Panama. Ibid, (219):1-34.



438 MONOGRAPH MUSEUM OF NATURAL HISTORY

Browx, J. H. 1971. Mammals on mountaintops:
Nonequilibrium insular biogeography. Amer. Nat.
105:467—478.

Burncr, H. 1961. Historia geologica de Colombia.
Rev. Acad. Colombiana Cien. Exactas, Fis. Nat.
11:137-191.

Casrera, A. L. 1968, Ecologia vegetal de la puna,
pp. 91-116 in TrorL, C. (ed.). Geo-ecology of
the mountainous regions of the tropical Americas.
Collog. Geog. 9:1-223.

Camreeerr, K. E., Jr. 1976, The late Pleistocene
avifauna of La Carolina, southwestern Ecuador,
pp. 155-168 in Owuson, S. L. (ed.). Collected
papers in avian paleontology honoring the 90th
birthday of Alexander Wetmore. Smithsonian
Contrib. Paleobiol. (27 ):1-211.

CampBeLL, K. E., Jr. 1979, The Pleistocene avi-
fauna of the Talara Tar Seeps, northwestern Peru.
Roy. Ontario Mus. Life Sci. Contrib. (In press)

Carriker, M. A, Jrn. 1922. Description of the Santa
Marta Region, pp. 7-29 in Ruraven, A. G. The
amphibians and reptiles of the Sierra Nevada de
Santa Marta, Colombia. Misc. Publ. Mus. Zool.
Univ. Michigan (8):1-69.

Cer, J. M. 1962. Batracios de Chile. Ed. Univ.
Chile, Santiago, 128 + cviu p.

Cer, J. M. 1968. Remarks on the geographical dis-
tribution and phvletic trends of South American
toads. Pearce-Sellards Ser. Texas Mem. Mus.
(13):1-21.

Cer, J. M. 1971, Consideraciones sobre las relaciones
taxonomicas de Phymaturus patagonicus v Phy-
maturus palluma. Acta Zool, Lilloana 28:37—46.

Cer, J. M. 1972. Bufo of South America, pp. 8§2-92
in BLam, W. F. (ed.). Ewvolution in the genus
Bufo. Univ. Texas Press, Austin, 459 p.

Cer, J. M, 1973. Comentarios sobre algunos géneros
de iguanidos: Diplolaemus, Leiosaurus, Apero-
pristis v Cupriguanus, Physis 32:269-276.

Cer, J. M. 1974a. Two new species of Ctenoble-
pharis ( Reptilia, Iguanidae) from the arid en-
vironments of the Central Argentina (Mendoza
Province ). ]. Herpetol. 8:71-75.

Cer, J. M. 1974b. Revision of the Patagonian igua-
nids of the Liolaemus elongatus complex. Ibid.
8:219-229,

Cer, J. M. 1977. A new species of Telmatobius ( Am-
phibia, Anura, Leptodactylidae) from the north-
ern mountains of San Juan, Argentina, Ihid. 11;
359-361.

Cer, J. M. 1979. Amphibians of Argentina. Monit.
Zool. Italiano Monog. Zool. (In press)

Cer, J. M., Castro, L. P. 1973. Taxonomie and sero-

logical researches on the Phymaturus patagonicus

complex. ]. Herpetol. 7:237-247.

Cer, J. M., Erspamen, V., RosecHing, M. 1972, Bio-
genic amines, pp. 233-243 in Bram, W. F. (ed.).
Evolution in the genus Bufo. Univ. Texas Press,
Austin, 459 p.

Cuaprnman, F. M. 1917. The distribution of bird life
in Colombia. Bull. Amer. Mus. Nat. Hist: 36:
1-730,

NO. 7

Cuanpon, C. E. 1938. Apuntaciones sobre el origen
de la vida de los Andes. Bol. Soc. Venezolana
Cienc. Nat. 5:1-47,

CocHran, D. M., Gomn, C. J. 1970. Frogs of Co-
lombia. U.S. Natl. Mus. Bull. (288):1-655.
CroizaT, L., NeErson, G., Rosex, D. E. 1974. Cen-
ters of origin and related concepts. Syst. Zool.

23:265-287.

Cuartrecasas, |. 1968. Paramo vegetation and its
life forms, pp. 163-186 in Trorr, C. (ed.).
Geo-ecology of the mountainous regions of the
tropical Americas. Collogq. Geog. 9:1-223.

Davey, J. C. 1949. The Venezuelan Andes and the
Coastal and Interior ranges. Part 3. The eastemn
Coastal Range. Min, Mag. 80(3):137-144.

Dixo~, J. R, Huey, R. B. 1970. Systematics of the
lizards of the gekkonid genus Phyllodactylus of
mainland South America. Nat. Hist. Mus. Los
Angeles Cty. Contrib. Sci. (192):1-78.

Dixon, J. R., WricHT, |. W. 1975. A review of the
lizards of the iguanid genus Tropidurus in Peru,
Ibid. (271 ):1-39.

DovLrrus, O. 1960, Presentation de la structure des
Andes centrales peruviennes., Trav. Inst. Francais
Etud. Andines 7:53-64.

Doxoso-Barros, R, 1966. Reptiles de Chile. Ed.
Univ. Chile, Santiago, 458 p.

Donoso-Barros, R. 1968, The lizards of Venezuela
( checklist and key). Caribb. J. Sci. 8:105-122.

Doxoso-Barnos, R, 1970. Catalogo herpetologico
Chileno. Mus. Nac. Hist. Nat. Bol. (Santiago de
Chile) 31:49-124.

Donoso-Barros, R. 1972, Contribucion al conoci-
miento  del género Ctenoblepharis Tschudi v
Phrynosaura Wermer (Sauria: Iguanidae). Bol.
Soc. Biol. Concepcion 44:129-134,

Dorr, R. H., Jr., Winn, R. D., Jr., DEwit, M. L,
Brunx, R. L. 1977. Tectonic and sedimentary
signihcance of Cretaceous Tekerika Beds of Tierra
del Fuego. Nature 266:620-622.

DuerLyan, W. E. 1970. The hylid frogs of Middle
America. Univ. Kansas Mus. Nat. Hist. Monogr,
{ 1.):1=753.

Dueriyvan, W. E. 1972. A review of the Neotropi-
cal frogs of the Hyla bogotensis group. Univ.
Kansas Mus. Nat. Hist. Occas. Pap. (11):1-31.

DueLiyvan, W, E. 1973, Descriptions of new hyvlid
frogs from Colombia and Ecuador. Herpetol-
ogica 29:219-227,

DueLLsyan, W. E. 1974, A systematic review of the
marsupial frogs (Hvlidae: Gastrotheca) of the
Andes of Ecuador. Univ. Kansas Mus. Nat. Hist.
Oceas. Pap. (22):1-27.

Duereatan, W. E. 1976, Centrolenid frogs from
Perii. Ibid. (52):1-11.

DuerLyan, W, E. 1977. Liste der rezenten Am-
phibien und Reptilien: Hvlidae, Centrolenidae,
Pseudidae. Das Tierreich (95):1-225,

DueLLsvan, W. E. 1978a. Two new species of Eleu-
therodactylus  ( Anura:  Leptodactyvlidae ) trom
the Peruvian Andes. Trans. Kansas Acad. Sci.
81:65-71.



1979

DueLiatan, W.'E. 1978b. New species of leptodac-
tvlid frogs of the genus Eleutherodactylus from
the Cosnipata Valley, Perti. Proc. Biol. Soc.
Washington 91:418-430.

Duertman, W. E. 1978c. Three new species of
Eleutherodactylus from Amazonian Peri ( Am-
phibia: Anura: Leptodactylidae). Herpetologica
34:264-270.

DuerLsman, W. E., Actic, R. 1978. New species of
tree frogs (family Hylidae) from Colombia and
Ecuador. Ibid. 34:177-185.

DuveLLyman, W, E., Frarrs, T. H. 1972, A taxonomic
review of the southemm Andean marsupial frogs
(Hylidae: Gastrotheca). Univ. Kansas Mus. Nat.
Hist. Occas. Pap. (9):1-37.

Duerrman, W. E., Simmons, J. E. 1977, A new
species of Eleutherodactylus ( Anura: Leptodac-
tylidae ) from the Cordillera Oriental of Colombia.
Proc. Biol. Soe. Washington 90:60-65.

DuerLryman, W. E., Torr, C. A. 1979, Anurans from
Serrania de Sira, Amazonian Peri: Taxonomy
and biogeography. Herpetologica 35:60-70.

DueLrman, W. E., VELoso M., A. 1977. Phylogeny
of Pleurodema (Anura: Leptodactylidae): A
biogeographic model. Univ. Kansas Mus. Nat.
Hist. Occas. Pap. (64 ):1-46.

Epwarps, S. R. 1974, A phenetic analysis of the
genus Colostethus (Anura:  Dendrobatidae).
Ph.D. Dissert. Univ. Kansas. 419 p.

Epwarps, 5. R. MS. Systematics of the genus Colo-
stethus ( Anura: Dendrobatidae).

Excer, F. A. 1976. An ancient world preserved.
Crown Publ., New York, 314 p.

Estes, R., Reic, O. A. 1973. The early fossil record
of frogs: A review of the evidence, pp. 11-63 in
Viar, J. L. (ed.). Evolutionary biology of the
anurans: Contemporary research on major prob-
lems. Univ. Missouri Press, Columbia, 470 p.

Erneripce, R. 1964. Comparative osteology and
systematic relationships of sceloporine lizards.
Copeia 1964(4):610-631.

Erneripce, R. 1966. The systematic relationships of
West Indian and South American lizards referred
to the iguanid genus Leiocephalus. 1bid. 1966
(1):79-91.

Eraerince, R. 1967, Lizard caudal vertebrae. Ibid.
1967 (4 ) :699-744.

Fritrs, T. H. 1974. A multivariate evolutionary
analysis of the Andean iguanid lizards of the
genus Stenocercus. San Diego Soc. Nat. Hist.
Mem. (7):1-89.

GaLLarpo, J. M. 1961. Three new toads from South
America: Bufo manicorensis, Bufo spinulosus al-
tiperuvianus and Bufo quechua. Breviora (141):
1-8.

Carrarpo, J. M. 1962. Los géneros Telmatobius v
Batrachophrynus ( Amphibia, Leptodactylidae) en
la Argentina. Neotropica 8:45-58.

Garrarpo, J. M. 1967. Bufo gnustae sp. nov. del
grupo de B. ockendeni Boulenger, hallado en la
Provincia de Jujuy, Argentina, Ibid. 13:54-56.

DUELLMAN: HERPETOFAUNA OF ANDES 439

Gansser, A. 1955. Ein Beitrage zur Geologie und
Petrographie der Sierra Nevada de Santa Marta
( Kolumbien, Sudamerka). Schweiz. Mineral.
Petrogr. Mitt. 35:209-279.

Gansser, A. 1973. Facts and theories on the Andes.
J. Geol. Soc. London 129:93-131.

Goruaan, S. W, 1966. Liste der rezenten Amphibien
und Reptilien. Ascaphidae, Leiopelmatidae, Pipi-
dae, Discoglossidae, Pelobatidae, Leptodactylidae,
Rhinophrynidae. Das Tierreich. (85):1-222.

Gorman, G, C., Huey, R. B,, WiLLiams, E. E. 1969.
Cytotaxonomic studies on some unusual iguanid
lizards assigned to the genera Chamaeleolis, Poly-
chrus, Polychroides, and Phenacosaurus, with be-
havioral notes. Breviora (316):1-17.

Harrer, J. 1970. Enstehung und Ausbreitung nord-
Andiner Bergvogel. Zool. Jahrb. Abt. Syst. Oekol.
Geogr. Tiere 97:301-337.

HarrFen, J. 1974. Avian speciation in tropical South
America. Publ. Nuttall Omithol. Club (14):1-
390.

Ha», C. K., HErrera, L. J., Jr. 1963. Role of sub-
andean fault system in tectonics of eastern Peru
and Ecuador, pp. 47-61 in CaLps, O. E., BEEBE,
B. W. (eds.). Backbone of the Americas. Mem.
Amer. Assoc. Pet. Geol. 2:1-320.

HarmincTon, H. J. 1956. Main morphostructural
regions of South America, pp. xii—xviii in JENKS,
W. F. (ed.). Handbook of South American geol-
ogy. Geol. Soc. Amer. Mem. 65:1-378.

Harrincron, H. J. 1962, Paleogeographic develop-
ment of South America. Bull. Amer. Assoc. Pet.
Geol. 46:1773-1814.

HastEnraTtH, S. 1. 1967. Observations on the snow
line in the Peruvian Andes. J. Glaciol. 6:541-550.

Herp, D. G., Naeser, C. W. 1974. Radiometric evi-
dence for pre-Wisconsin glaciation in the northemn
Andes. Geology 2:603-604.

Heusser, C. J. 1974, Vegetation and climate of the
southern Chilean lake district during and since
the last interglacial. Quat. Res. (New York) 4:
290-315.

Hever, W. R. 1975. A preliminary analysis of the
intergeneric relationships of the frog family Lep-
todactylidae. Smithsonian Contrib. Zool. (199):
1-55.

Jau~, A. 1931. Los paramos venezolanos, sus aspec-
tos fisicos v su vegetacion. Soc. Venezolana
Cienc. Nat, Bol, 3:93-127.

Jaun, A. 1934. Las temperaturas medias v extremas
de las zonas altitudinales de Venezuela. Ibid.
14:135-172.

James, D. E. 1971. Plate tectonic model for the evo-
lution of the central Andes. Geol. Soc. Amer.
Bull. 82:3325-3346.

Janmes, D. E. 1973. The evolution of the Andes. Sci.
Amer. 229(2):60-70.

Jeanner, R. 1967. Biogeographie de 1'Amerique
australe, pp. 401460 in DeLamEeERE DEBOUTTE-
viLLE, C., Rarorort, E. (eds.). Biologie de
’Amerique australe, 3. C. N. R. S. Groupe Fran-
cais Argiles C. R. Reun. Etud., Paris, 834 p.



