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RESUMEN 

 

La identificación de áreas de endemismo (AE) es uno de los primeros pasos en los análisis 

biogeográficos. Las AE se consideran unidades biogeográficas definidas por taxones 

codistribuidos e integrados evolutivamente, y su identificación se realiza básicamente a partir 

de la superposición de las áreas de distribución de dos o más taxones. Esto ha llevado a que 

se dificulte su caracterización de las AE o que existan vacíos en la identificación de sus 

propiedades, como lo es su dinámica evolutiva. Por lo tanto, esta investigación tuvo como 

objetivo principal analizar las relaciones biológicas, ecológicas y filogenéticas en las áreas 

de endemismo de mamíferos del Neotrópico. Para tal fin se integraron conceptos y 

herramientas biogeográficas de análisis de AE, modelos de nicho ecológicos y distribuciones 

de especies, en un contexto multitemporal; así como métodos de análisis filogenéticos de 

comunidades y procesos de análisis espacial. Los resultados indican que las AE persisten y 

mantienen su nivel jerárquico biogeográfico a lo largo del tiempo, es decir, las áreas que 

presentan menor tamaño actualmente, se han mantenido así desde el pasado; mientras que 

las áreas actuales de mayor tamaño, fueron las mayores en el pasado. Por otra parte, la 

inclusión de información filogenética y espacial permitió concluir que los factores que han 

afectado la dinámica de las AE (cambios de tamaño y composición) son el número de 

especies endémicas, la diversidad filogenética, la edad de las especies y el número de órdenes 

taxonómicos, como un proxy de la variabilidad biológica de las especies endémicas. Para la 

región Neotropical, la diversidad filogenética (DF) y la latitud afectan las tendencias 

ecológicas de las áreas de endemismo, encontrándose la mayor diversidad filogenética de la 

región Neotropical en latitudes cercanas al ecuador terrestre. Además, este patrón está 

caracterizado por un agrupamiento filogenético, soportado en su mayoría por linajes de 

murciélagos que evolucionaron en el Neotrópico. Para las subregiones y provincias, la 

generalidad es la ausencia de patrones filogenéticos, probablemente porque las áreas de 

endemismo están integradas por linajes múltiples y distantes. Por otra parte, las áreas de 

endemismo han sido y continúan siendo afectadas por los factores climáticos. Así las AE 

actuales que se encuentran en las Zonas de Transición Mexicana y Sudamericana (ZTM y 

ZTS), están afectadas principalmente por la isotermalidad; mientras que en la Zona de 

Integración del Bosque Atlántico (entre dominios Paranaense y Chaqueño), la mayor 
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influencia es ejercida por la precipitación del trimestre más cálido. Para las tres zonas, la 

precipitación del trimestre más cálido es un predictor importante del endemismo; sin 

embargo, la heterogeneidad topográfica y climática condiciona la alta riqueza de 

endemismos, lo cual indica que hay una fuerte influencia de la topografía sobre las áreas de 

distribución de las especies. Las áreas de endemismo son unidades biogeográficas que 

responden a la evolución tectónica de la tierra y sus variaciones climáticas. Las especies 

endémicas se integran temporalmente de manera sincrónica o asincrónica, dependiendo de 

su tiempo de evolución y su dinámica biológica. Las AE, al ser “fotografías” actuales e 

históricas de patrones de integración temporal y espacial de las especies, se modifican (1) al 

expandirse la distribución geográfica de las mismas, (2) al extinguirse, o (3) cuando se 

modifica por la dinámica interna de las poblaciones.  Finalmente, se concluye que las AE 

están afectadas tanto por factores biológicos, ecológicos y filogenéticos, a cualquier nivel 

dentro de la jerarquía biogeográfica. Por lo tanto, las áreas de endemismo persisten en el 

tiempo, pero a la vez son dinámicas y evolucionan con la superficie de la Tierra. 
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ABSTRACT 

 

The identification of areas of endemism (AE) is one of the first steps in the biogeographic 

analyses. The AE are biogeographical units defined by co-distributed and evolutionary 

integrated taxa. The identification of AE is based on the geographical overlap of 

distributional areas of two or more taxa. Then, some difficulties in the characterization and 

description of other properties of the AE have been recognized, such as their evolutionary 

dynamism. Therefore, the main goal of this research was to analyze the biological, ecological 

and phylogenetical relationships into the areas of endemism of Neotropical mammals.  

Regarding this, conceptual and biogeographical tools to analyze AE, ecological niche 

modeling in a multitemporal framework; as well as tools of phylogenetic community ecology 

and spatial analysis process. The results indicated that the AE persist and maintain their 

biogeographical level along the time, it is mean that small current AE, also were small in the 

past; while the big current areas had big sizes in the past. In other way, the inclusion of 

phylogenetical and spatial information to describe AE, allowed to conclude that the number 

of endemic species, the phylogenetical diversity, the evolutionary age of the endemic species, 

and the number of taxonomical orders as a proxy of the functional diversity, have affected 

the dynamism (changes of size and structure) of the AE. For the Neotropical region, the 

phylogenetical diversity and the latitude affect the ecological tendencies of the AE, found a 

core of high number of endemic species in equatorial terrestrial latitudes. Moreover, endemic 

species integrate a phylogenetical cluster, which is supported by bats that evolved in 

Neotropical habitats. For subregions and provinces, the generality of the phylogenetical 

patterns was the absence of phylogenetical clustering; may be due to the AE are integrated 

by several and distant lineages of mammals. On other hand, the AE have been affected by 

climate factors and also it currently occurs. Thus, the current areas of endemism belonging 

to transitional zones, like the Mexican (MTZ) and South American (SATZ) transition zones, 

are mainly affected by the isothermality; while in the Atlantic Forest Integration Zone, the 

precipitation of the warmest quarter was the stronger variable. Only one explicative variable 

was shared by the three transitions zones: the precipitation of the warmest quarter. However, 

the topographic and climatic heterogeneity affect the high richness of endemic species, which 

indicate a stronger influence of the topography on the distributional areas of the endemic 
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species in the three zones. Then, the AE are biogeographical units resulting from the 

evolution of the Earth tectonics and the climate. The endemic species are synchronous or 

asynchronous integrated, depending on their evolutionary age and biological dynamism. 

Because the areas of endemism are historical and current “snapshots” of integrative temporal 

and spatial patterns, their shape and size is modified when one or more species (1) expand 

their distributional area, (3) they appear or disappear, and (3) when the distributional areas 

of the species are modified by population dynamism. Finally, I conclude that the AE are 

affected by biological, ecological and phylogenetical factors, at any biogeographic level. 

Therefore, the areas of endemism persist along the time, but they are dynamic and evolve 

with the Earth surface.  
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INTRODUCCIÓN GENERAL 

 

La biogeografía estudia los patrones de distribución en el tiempo y en el espacio de la biota 

actual y pasada (Wiley 1981, Espinosa et al. 2001). En particular, la biogeografía evolutiva 

propone una incorporación de evidencia de diversas disciplinas como climatología, 

filogenética, geología, biología molecular y paleontología, para descubrir los patrones de 

distribución geográfica y evaluar los cambios históricos que los han formado (Wiens & 

Donoghue 2004, Morrone 2007, Weeks et al. 2016). Algunos de los principales 

cuestionamientos en este enfoque, se han referido a la identificación de áreas de endemismo 

y sus relaciones (Nelson y Platnick 1981, Humphries y Parenti 1986). Los taxones endémicos 

son aquellos que se encuentran restringidos a un área geográfica (Candolle 1820, Anderson 

1994), y el patrón de codistribución de dos o más taxones constituye un área de endemismo 

(Platnick 1991, Anderson 1994, Morrone 1994, Espinosa et al. 2001). 

La identificación de áreas de endemismo (AE) es uno de los primeros pasos en los 

análisis biogeográficos, las cuales están compuestas por taxones coexistentes e integrados 

espacio-temporalmente (Morrone 2007).  En AE se considera el supuesto de la existencia de 

una historia biogeográfica común entre los taxones que las componen (Platnick 1991, 

Espinosa et al. 2001, Szumik et al. 2002). Así, especies aún con medios de dispersión 

diferentes están relacionadas en el espacio y el tiempo (Nelson y Platnick 1981), resultado 

de procesos diferentes al azar (Morrone 1994). La identificación de las AE se realiza 

básicamente a partir de la superposición de las áreas de distribución de dos o más taxones 

(Platnick 1991, Morrone 1994, Szumik et al. 2002), bucando alta congruencia espacial.  De 

esta manera, la alta congruencia espacial representa la respuesta paralela y simultánea de los 

taxones endémicos a factores históricos y actuales, lo cual podría reflejar concordancia 

ecológica y evolutiva entre ellos (Szumik et al. 2002).  

Croizat (1964) propuso que hay tres dimensiones de la biodiversidad: el espacio, el 

tiempo y la forma. Sin embargo, en la identificación de las AE se considera sólo al espacio 

como dimensión central de análisis, dejando a un lado el tiempo de evolución de las especies 

endémicas que las estructuran. Es decir, la identificación de AE esta soportada 

fundamentalmente en la congruencia espacial de las especies endémicas. Lo cual conlleva a 

problemas de tipo metodológico (Hovenkamp 1997), debido a que los valores de congruencia 
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espacial son relativos a la escala del universo de estudio o al método de graficado de las áreas 

de distribución (Roig-Juñent et al. 2002). En algunos casos la congruencia espacial puede ser 

resultado del azar (Nelson y Platnick 1981). Esto ha llevado a que existan dificultades en la 

caracterización de las AE (Domínguez et al. 2006) o se ponga en duda su existencia 

(Hovenkamp 1997).   

 Las AE constituyen hipótesis de homología biogeográfica primaria y son puestas a 

prueba mediante análisis de biogeografía cladística u homología biogeográfica secundaria 

(Morrone 2001, Morrone 2007). Para ello se contrastan las relaciones espaciales entre áreas, 

a partir de cladogramas, además se proponen explicaciones sobre las causas que las 

relacionan y su evolución (Nelson y Platnick 1981, Morrone 2001, Morrone 2007). Sin 

embargo, son pocas las explicaciones sobre la naturaleza de aquellas interconexiones (Nelson 

y Platnick 1981) o la congruencia temporal de los taxones que integran a las AE 

(Cunningham y Collins 1994).  

Algunos factores que influyen en la congruencia espacial de los taxones que 

conforman a las AE son el clima (temperatura y precipitación), los tipos de vegetación y 

ciclos climáticos, entre otros (Crisp 2001, Emerson y Gillespie 2008, Cardillo y Meijaard 

2010). Por lo tanto, las AE podrían ser dinámicas y responderían al ambiente como lo hacen 

las áreas de distribución (Gámez et al. 2014, Aguado y Escalante 2015), de acuerdo con 

reglas que rigen la dinámica ecológica de las comunidades (Murray y Crother 2016). Sin 

embargo, se desconoce las variaciones en la congruencia espacial entre especies endémicas 

y los factores históricos y ecológicos que afectan la dinámica de las áreas de endemismo. 

Además, el conocimiento sobre las tendencias de las áreas de endemismo con respecto al 

tamaño y posición geográfica o la descripción de patrones filogenéticos en las áreas de 

endemismo es escaso. Se suma a ello, los vacíos conceptuales y empíricos sobre la 

integración temporal de las especies endémicas en las áreas de endemismo. La 

profundización en dichos aspectos permite explicar los procesos de integración de las 

especies endémicas en las áreas de endemismo, así como su dinámica (ampliación, 

contracción y extinción de las áreas de endemismo).  

La presente tesis tuvo como objetivo principal analizar las relaciones biológicas, 

ecológicas y filogenéticas en las áreas de endemismo de mamíferos del Neotrópico. Para tal 

fin se usaron herramientas biogeográficas como el Análisis de Endemicidad (Szumik et al. 
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2002), modelos de distribución (Philips et al. 2006), métodos de análisis filogenéticos de 

comunidades (Webb 2000, Webb et al. 2002) y herramientas de análisis espacial. Durante el 

proceso de desarrollo de la tesis se realizaron revisiones de literatura y se han abordado 

diferentes perspectivas de investigación, las cuales se incluyen en tres capítulos.    

Capítulo I. Se presenta una revisión de los conceptos de endemismo y áreas de 

endemismo en el documento “El endemismo: diferenciación del término, métodos y 

aplicaciones” (Noguera-Urbano 2017), además se describe la congruencia espacial, 

considerada la principal dimensión de análisis actual de las AE, se indican los cambios que 

pueden tener las áreas de distribución y se puntualiza la necesidad de incorporar la dimensión 

filogenética para explicar las tendencias ecológicas y evolutivas de las AE. Posteriormente 

se presenta el manuscrito “Dynamism of the areas of endemism in neotropical mammals: 

differential effects of historical and ecological factors” (Noguera-Urbano et al. Enviado), en 

el cual se analiza el efecto de factores como el número de especies endémicas, el número de 

órdenes, la diversidad filogenética, estructura filogenética) y otros factores sobre la dinámica 

de las mismas. La dinámica fue medida como los cambios de tamaño y persistencia a lo largo 

de tres periodos de tiempo: presente, Holoceno Medio y Última Interglaciación.  Los 

resultados indican una relación positiva del tamaño de las áreas de endemismo entre los tres 

periodos, es decir, las áreas que presentan menor tamaño se han mantenido así desde el 

pasado, mientras que las áreas de mayor tamaño, fueron las mayores en el pasado. Esto indica 

que las unidades biogeográficas tienden a persistir en el tiempo, conservando una proporción 

equivalente en cada periodo; y además que los regímenes climáticos y la fisiogeografía de 

las áreas de endemismo presentan barreras substanciales a la dispersión de las especies 

endémicas, relativas al tamaño de cada AE. Los factores que influyeron con mayor 

importancia sobre los cambios del tamaño de las áreas de endemismo fueron: (1) el número 

de especies endémicas, (2) la diversidad filogenética, (3) la edad de las especies y (4) el 

número de órdenes taxonómicos como un proxy de la variabilidad biológica de las especies 

endémicas. Esto indica que AE con mayor diversidad tienden a presentar mayor tamaño; en 

consecuencia, presentan mayores cambios en el tamaño a lo largo del tiempo. Esto 

posiblemente se deba a que las AE con mayor diversidad, están integradas por especies que 

presentan diferentes adaptaciones a la dispersión y a la variabilidad de condiciones 

climáticas, así como también diferentes parámetros poblacionales. Con respecto a la 
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estructura filogenética, la mayoría de las AE están compuestas por múltiples linajes de 

mamíferos que se han integrado asincrónicamente sin definir ningún tipo de patrón 

filogenético. En general, los dos manuscritos de este capítulo indican que las AE de los 

mamíferos neotropicale, cambian en forma y composición de acuerdo con los cambios 

individuales de las áreas de distribución de las especies endémicas, pero como generalidad, 

los patrones de endemismo persisten una vez las especies se han integrado en el espacio 

geográfico. De esta manera se comprueba la hipótesis propuesta: considerando que las áreas 

de endemismo representan patrones históricos, dichos patrones se mantendrán como tal a lo 

largo del tiempo; por ejemplo, durante eventos de glaciaciones e interglaciares.  

Capítulo II. En este capítulo se describen las AE que estructuran a la región 

Neotropical, así como las tendencias macroecológicas de los patrones de endemismo y los 

patrones filogenéticos de las especies de mamíferos endémicos que las componen. Los 

artículos “Boundaries of the Neotropical region based on areas of endemism of mammals 

(Noguera-Urbano y Escalante 2017)” y “Phylogenetical and ecological relationships into the 

Neotropical areas of endemism (Noguera-Urbano y Escalante Enviado)” indican que existen 

múltiples límites de la región Neotropical. Además, el patrón general de superposición de 

AE a nivel de región biogeográfica y la diversidad filogenética (DF) de las especies 

endémicas, tienen una tendencia positiva con la latitud desde la línea ecuatorial hacia el norte 

del Neotrópico y una tendencia negativa desde la línea ecuatorial hacia el sur del Neotrópico. 

Esto corresponde con patrones macroecológicos propuestos para explicar la relación entre la 

riqueza de especies y la latitud, principalmente explicados por las altas tasa de colonización 

de los mamíferos en los trópicos, bajas tasas de extinción, múltiples eventos de dispersión, 

alta estabilidad climática, alta productividad y heterogeneidad espacial (Pianka 1966; 

Antonelli y Sanmartín 2011; Rolland et al. 2014).  Por otra parte, existe agrupamiento 

filogenético de los mamíferos endémicos a nivel de región, lo cual indica hay una integración 

especial y filogenética de ellas. Esto posiblemente causado por procesos tales como 

especiación in situ, conservadurismo de nicho ecológico (Cardillo 2008, 2011) y 

especialización de linajes (Cantalapiedra et al. 2014), ya que las especies endémicas que 

caracterizan a la región Neotropical en este estudio, son principalmente murciélagos que 

evolucionaron en el Neotrópico (Teeling et al. 2005). Los resultados indican que la 

integración de los mamíferos endémicos en la región Neotropical posiblemente se ha 
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realizado de manera asincrónica, ya que algunas especies endémicas se han expandido desde 

los trópicos hacia el norte y sur de la región Neotropical, otras desde América del Norte-

América Central y las Antillas hacia el Neotrópico.  Aunque el endemismo no predice 

totalmente la distribución geográfica ancestral de las especies endémicas, el 76% de las 

especies endémicas evolucionaron en América del Sur. Esto revela que el endemismo basado 

en congruencia espacial representa una integración asincrónica de linajes. Este capítulo 

sugiere que las especies endémicas se encuentran desagrupadas en la filogenia por lo tanto 

su congruencia espacial podría deberse a su respuesta similar a barreras ecológicas y 

fisiográficas comunes. 

Capítulo III. Este capítulo está enfocado en analizar otras dos dimensiones de las 

áreas de endemismo. La primera dimensión que se analiza es la ecológica, para lo cual se 

discute la relación que existe entre las áreas de endemismo y los factores bioclimáticos. La 

segunda dimensión que se analiza es la histórica, al proponer una síntesis sobre la integración 

espacial y temporal de las especies endémicas. Los manuscritos “Environmental factors 

related to biogeographical transition zones of Neotropical mammals’ areas of endemism”, de 

Noguera-Urbano y Ferro (2017) y “Areas of endemism: travelling through space and the 

unexplored dimension” de Noguera-Urbano (2016), indican que las áreas de endemismo son 

unidades biogeográficas que también están afectadas por los factores climáticos. Por 

ejemplo, las áreas de endemismo que se encuentran en las Zonas de Transición Mexicana y 

Sudamericana (ZTM y ZTS), están afectadas por la isotermalidad, la precipitación del 

trimestre más frío, la precipitación del trimestre más cálido y la heterogeneidad topográfica. 

Mientras que aquellas AE que hacen parte de la Zona de Integración del Bosque Atlántico 

(entre dominios Paranaense y Chaqueño), están afectadas por variables como la precipitación 

del trimestre más cálido, el intervalo de temperaturas diurnas y la heterogeneidad topográfica. 

Lo anterior demuestra que las dos grandes zonas de transición están influenciadas por 

condiciones climáticas similares. Para las tres áreas, la estructura espacial es un predictor 

importante del endemismo, lo cual indica que hay una fuerte influencia de procesos 

geológicos que han estructurado el paisaje de las áreas de endemismo en las tres zonas.   La 

dimensión histórica de las AE se describe en el manuscrito “Areas of endemism: travelling 

through space and the unexplored dimensión” (Noguera-Urbano 2016). Dado que las áreas 

de endemismo son unidades biogeográficas que responden a la evolución geológica, 
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históricos y las variaciones del clima, las especies se integran temporalmente de manera 

sincrónica o asincrónica, dependiendo de su tiempo de evolución y la dinámica de sus áreas 

de distribución. Las áreas de endemismo pueden considerarse ‘fotografías’ actuales e 

históricas de patrones de integración temporal y espacial de las especies, las cuales se 

modifican al expandirse la distribución geográfica de una o más especies que la constituyen, 

pero también si esas especies se extinguen, o cuando las áreas de distribución se modifican 

por la dinámica interna de sus poblaciones. Es decir, las AE son afectadas tanto por factores 

ecológicos, como biológicos y filogenéticos de las especies endémicas, lo cual supone que 

las áreas de endemismo son dinámicas y evolucionan a lo largo del tiempo. 

Las conclusiones que se obtuvieron durante el desarrollo de la presente tesis pueden 

permitir trazar nuevas líneas de investigación y cuestionamientos para el avance del 

conocimiento acerca de las áreas de endemismo y sus especies endémicas.  
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CAPÍTULO I. CONGRUENCIA ESPACIAL DE LAS 

ESPECIES ENDÉMICAS 

 

I.I   El endemismo: diferenciación del término, métodos y 

aplicaciones. 

I.II Dynamism of the areas of endemism in neotropical mammals: 

differential effects of historical and ecological factors (Enviado 

Journal of Biogeography). 
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RESUMEN. El endemismo es un concepto comúnmente usado para 
identifi car a taxones nativos O gl1lpos bi.ológicos con area de distri
bución restringida. Sin embargo, el endemismo tiene diferentes in
terpretaciones de acuerdo a la aproximación usada para los análisis 
biogeográficos (ecológ ico o histÓli co). Los múltiples usos del ende
m ismo lUUl lIe.vado a proponer otros conceptos relac ionados con las 
áreas geográficas ocupadas por los taxones endémicos (área endémica. 
área de endcmismo. centro de endemislllo ). En algunos casos los re
sultados de las técni cas y protocolos usados para evaluar e l endemis-
111 0 son malinterprellldos, ya que en la literatum los tres tenninos son 
usados como sinónim os. En este orden d.e ideas, esta revisión discute 
e l concepto de endemismo y su aplicación el1múlLiples campos del co
nocimiento. Además, se comparan y di scuten las técnicas y protocolos 
usados para evaluar el endemisl11o. Se concl uye que es necesario el uso 
de un conceptu unificado del endemismo, lo cual podría facilitar su in
terpretación tanto en e<:o logia como en conservación y biogeografía . 
Palabras clan: B iogeografia. Conservación, d istribución restringida, 
endCmico, Ecología. 

¿Q UÉ ES EL ENDEMISMO? 

La importancia del endemismo radi ca en la necesidad 
de conocer y proteger los atribulOs biológicos e historia 
evolutiva que representan los taxones endémicos y sus 
patrones biogeográficos . El endcmi smo toma un va lor 
ecológico c histórico, si se cons:idera que dcfin e zonas 
geogrilfi cas donde hay laxones in tegrados espacio-tem-

Noguera-U rbano, IL A. (20 17) Endemism: diITercntiation or the con
cepl, methods and applicalions', Acra Zoológica M exic(lllo (11. s.). 
33( 1). 89- 107 

ABSTRACT. Endemism is él concept commonly used lo identiJy na
tive t..1xa or biological groups with restricted range. HQwever, lhe eu
demism has dillerent mterprela tion!i according to the approach lIsed 
in lhe biogeographic analysis (ecolog ical Or hi storica l). 111e multiples 
i n lerprel~lions of endem isl11 llave led lo propose olher concepls re la led 
with lhe geographical areas occupied by the endemic la;'\a (endemic 
area, area of endemislll, cenler 01' cndcmism ). In some cases, the re
sults of the technics and protocols used to evaluate the endemisIU are 
misinterpreted because in tile literature enrlemic area. area of ende

mism and center of endemism are used a S ~"Y núnyms. In lru s order 
of ideas. trus review discusses tile concept of endemism, and its ap
plication in multiples knowledge fíelds. 'll le lt."CIUlics and prutocols lo 
evaluate the endernism are di scusscd and compared. It is concluded 
that it is necessélry to use a unified concep! of endemistll_ which could 
facilitate Ihe interpretation of Ihe endemism in ecology, conservation 
and biogeography . 
Kcy wo rds : Biogeography, Conservation, Eco logy, endemic, restricl
ed range. 

poralmcnte (Ne lson & PlaUlick 198 1; Stattcrsfi eld el al. 
1998; Morrone 2009) . 

La palabra "endemico'· proviene de l griego ··endem;os 
~ nativo". Fue transferido por Candolle (1 820) desde la 
medicina a la botánica para indicar ta\:ones nativos que 
se di stri buyen en un lugar l' no en otro (Anderson 1994; 
Hobohm & Tucker 20 14) . Aunque los variados usos y 
aplicaciones del endemismo han ocasionado confusiones 
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cn su interpretación (Anderson 1994), las definiciones 
coinciden en que el '~endemi smo '~ es una implicación de 
restricción geográfica. 

Es evidente que para aplicar el término "endemismo" 
se necesita relacionar un área geográfi ca de restricción , ya 
que el endemi smo es dependiente de la escala geográfica 
del área en la que se distribuya el taxón (Cracraft 1985). 
Por ejemplo, el área de distribución del jaguar (Panthera 
onca [Linnaeus 1758]) se extiende desde México hasta 
e l norte de Argentina (Caso el a/. 2008). por lo tanto es
ta especie se puede considerar endém ica del Neotrópico 
(Fig. 1). En otro caso el mapache pigmeo (Procyon pyg
mael/S Merriam 190 1), restringido a la Isla de COlumel 
en México, es endémico para esa isla (Cuarón el al. 2008) 
(Fig . 1). En comparación con el jaguar, el mapache pig
meo presenta una distribución reducida a sólo una parte 
del Neotrópico. Por lo tanto. cada una de las especies es 
endémica dentro del área geografi ca con la que se relacio
na su distribución , Neotrópico e Isla de COlumel, respec
tivamente . 

ENFOQUES EN LA APLICACIÓN DEL 
CONCEPTO 

Los múltiplcs usos y aplicaciones del "cndemismo" tie
nen como base la definición de Candolle (1820), al tomar 

a la uni cidad geográfica para cualificar a un taxón como 
endémico. Las variantes del concepto son propuestas pa
ra la fonmalilación de la relación entre la evolución de 
un taxón y su área de distribución , o la necesidad de un 
cri terio práctico para definir objetos y/o áreas prioritarias 
de conservación. Por lo tanto, mantener e l sentido que le 
dio Candoll c (1820) al endcmi smo deberia primar en las 
aplicaciones biogeográficas para todo tipo de organismos. 
y cuando sea posible. se deberían emplear lmidades geo
gráficas naturales (ecosistemas, cuencas, provincias bio
geográficas. regiones biogeograficas, etc.) en los analisis 
relacionados con el endemismo. Con e llo se lograria usar 
un mi smo contexto teórico del endemislllo y sc aclararía 
la combinación del '"endemismo" con otros tenninos . 

En algunos casos el endemi smo ha sido interpretado 
con base en la rarela de poblaciones o comunidades (Ma
jar 1988), esto debido al conocimiento incompleto de las 
areas de di stribución (Kruekeberg & Rabinowitl 1985). 
La aplicación del concepto ha cambiado para ser aplica
do a taxones (especies. géneros, familias, etc.), debido al 
progresivo aumento de los sitios de co lecta y el desa rrollo 
de hipótesis sobre areas de distribución. Desde hace unos 
años el endemismo se re laciona con taxones restringidos 
a una sola area geográfica o que presentan área de di stri
bución reducida (Polunin 1960: Anderson 1994: Peterson 
& Watson 1998). Pcse a cllo, una de las cri ticas en los 
procedimientos para la definición de los taxones endémi-

87°)O'W ~1"O'W 

(b) 

México 

~7'JO'W S7"O'W 

Figunl J . Endemismo a diferentes escalas y diferentes limites geográficos. (a) Distribución geográfica de l jaguar (POl/fIJera ol/ca) y (b) 
mapache pigmeo (Procyoll pygmaells). Cada una de las especies es endémica al area geográfica de referencia, el jaguar al Neotrópico y 
el mapache pigmeo a la Isla de Cozumd. En cada area geográfica que se tome como referencia hay uno o mas taxolles que pueden ser 

considerados endémicos. 
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cos fue la ausencia de un criterio práctico (Stattersfie ld e/ 

al. 1998; Bruchmann & Hobohm 20 14). En este contexto, 
se han propuesto múltiples enfoques para detenninar el 
criterio de restricción y/o relacionar el endemismo con la 
evolución de los taxoncs. 

El endemismo en ecología y conservación ha sido usa
do como di stribución restringida (reslrie/ed-range) y para 
definir a las especies endémicas sc ha empleado un tama
ño de área geográfica como limite práctico (Stattersfield 
e/ al. 1998). Por ejemplo, una especie con un área de di s
tribución menor a 100.584 km' (250 millas en cualquier 
dirección) (Hall & Moreau 1962); 50.000 km' (área de 
distribución sin aumentos desde el año 1,800) (Terborgh 
& Winter 1983; Stattersfield e/ al. 1998) o 10,000 km ' 
(Kier & Barthlott 200 !: Bruchmarm & Hobohm 2014) 
tendrá una distribución restringida (Terborgh & Winter 
1983: Stattersfield e/ al. 1998) (Fig. 2) . De la aplicación 
del endemismo bajo el criterio de distribución restringida 
resultan: por ejemplo, lugares de conservación conocidos 

o 
o 
o 

Ul 
o 
o 
<rl 
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como Áreas de Aves Endém;cas (Endemic Birds Areas; 
EBA) . Las Áreas de Aves Endémicas son zonas en las cua
les dos o más especies cohabitan y presentan areas de dis
tribución menores a 50,000 km ' (Stattcrsfield e l al. 1998). 
Por otra parte la flexibilidad del criterio de restricción ha 
llevado a que los límites administrati vos de un paí s ti otras 
áreas puedan ser usados para defi nir taxones endémicos 
(Ceballos el al. 1998: González·Garcia & Gómcz dc Silva 
2003). En el caso de plantas mexicanas. se ha propuesto 
que especies con áreas de di stribución menores; simi lares 
o levemente mayores a los limites geopolíticos de Méxi
co, sean consideradas endémicas (Rzedo",ski 199 1). El 
endemismo basado en restricción a un pais toma un gran 
valor para los análisis de riqueza de especies y su conser
vación. De ello resultan otras interpretaciones para defi nir 
especies endémicas . Por ejemplo, en México se conside
ran 157 especies de mam iferos como endémicas (28%, 
total: 564 especies) (Sánchez-Cordero e/ al. 20 14) y en 
Colombia 42 especies (8.6%, tota l: 500 especies) (Solari 

Restringidas 

[=:J SCOIOIl IYS ucayalellsis 

mo Sagllinus nig/'ic.:vllis 

[:zJ IJ)f1(:horhina marinkellei 

~ Ca//iceblls lucifer 

o 
o 
o 

Figura 2. Mapas de distribuc ión de cuatro especies de mamiferos considerados como espec ies restringidas por tener un arca mellor a 50,000 
km2, De acuerdo con este criterio, las cuatro especies pueden ser consideradas endémicas. El primate C(llIiceblls lucifer 111011135. 1914 cumple 

con los criterios de endcmismo de área restringida y restricción dentro de los límites administrativos de un país (Colombia): por lo tan to, es 
endémico de la Amazonía colombiana y endémico de Colombia, 
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el al. 20 13). Ambos casos representan especies endémi
cas usando el criteri o de restricción dentro del país. No 
obstante, en Méx.ico se consideró una clas ificación de los 
mamíferos endémicos restringidos)' ampliamente distri
buidos. Los mamíferos endémicos restringidos presenta
ban áreas menores a 50,000 km' y los confinados dentro 
de México fu eron considerados endémicos ampliamente 
distribuidos (Ceballos el al. 1998) . 

VARIANTES DEL ENDE MISMO 

Una interpretación adicional del e ndemismo fue propues
ta por González-Garcia & Gómez de Silva Garza (2003), 
quienes consideran que las especies endémicas pueden ser 
categorizadas en cuasiendémi cas y semiendémicas . Las 
especi es cuasiendémi cas "son aqu ellas que penetran lige
ramente a algún país vecino debi.do a la cont inu idad de 
los hábitat o s istemas orográficos''' . Por otra parte, las es
pecies semiendémicas se defi.nen como -<las especies que 
son endémicas a un país O a una región durante una época 
del año" (González-Garcia & Gómez de Silva 2003). Las 
anteriores variaciones del -<endem ismo" coinciden con la 
propuesta de la Unión Internacional para la Conservación 
de la Naturaleza, con base en la restricción y nativo de 
una isla pequeña. de un país o de un continente (UrCN 
20 12). 

Por otra parte se ha intentado relacionar el endemismo 
con la historia de los taxones y su distribución. Se ha pro
puesto el paleoendemismo para definir a los taxones rul
tiguos)' restringidos a un área geográfica (Prentice 1976; 
Maja r 1988), los cuales inicialmente tuvieron amplias 
áreas de distribución (Malik 20 15). Son taxones sistemá
ti camente aislados, tales como géneros representados por 
una única especie. Sus áreas de distribución representan 
remanentes de áreas de distribución ampl ias. pero que se 
han reducido por ejemplo a causa de variaciones climá
ticas. Desde la perspectiva fil ogenética los t¡c"ones pa
leoendémicos son ta.xones que divergieron muy temprano 
y tienen distribuciones que se superponen con fonnacio
nes geológicas antiguas (Fen ei ra & Boldrini 20 11 ). 

En otro lugar está el neoendemi slllo para los taxones 
recientes y restringidos (prentice 1976). Son taxones ex
tremadamente dive rgentes, con sus disttibuciones que se 
tras lapan con formaciones geológicas recientes (Ferreira 
& Boldrini 20 11 ) . Se considera que este tipo de taxones 
podrían estar listos para expandir sus áreas de di stribución 
y también sus genes (Kruckeberg & Rabinowitz 1985), 
debido a que en plantas resultan de procesos de hibrida-

ción con la consecuente poliploidía . Lo cual les confiere 
adaptación di vergentc a diferentes condiciones ambi enta
les (Malik 20 15) 

La desventaja en la apli cación de los ténninos paleoen
demismo y neoendemismo es que estos son relati vos a las 
edades de los taxones dentro del g rupo de comparación. 
Por ejemplo, según Noguera-Urbano & Escalrulte (20 15) 
en los Andes del Norte hay cinco especies de mamiferos 
endémicos (Thomosomys Ollrells [Tomes 1860J. Cunicu
IlIs loczonowskii [Stolzmann 1865], Didelphis pernigra 
J .A. Allen 1900, Mormosops impovidlls Tschudi 1845 y 
Monode/phis odllslo [TIlO l11as 1897]). Los cuales están 
estrechamente relacionados a la evolución de los Andes. 
Al comparar las edades de las cinco especies, la zarigüeya 
M Impovidus (2.5 Ma) (Jan sa el al. 20 13) con la menor 
edad seria neoendémica, mientras que la zarigüeya de co
la cOlta M odllsla (20.5 Ma.) (Vile la el al. 20 15) con la 
mayor edad podría ser considerada paleoendémica (Fig . 
3) . Sin embargo, al hace r la comparación entre dos de las 
cinco especies. el ratón T ourel/s (3 .1 Mal (Parada el al. 
20 15) sería neoendémiea y la paca C. loczanowskii (3 .8 
Ma) (Upham & Palterson 20 12) seria paleoendémica. 

En botánica se propuso una clas ificación que relacio
na el endemismo con la edad de los taxones. inferida a 
pa rtir del conjunto de cromosomas (Contandriopoulos 
1962 ; Maj ar 1988) . En di cha clasificación se asumc que 
las pl an tas endémicas con baja pl oidia (conjunto de cro
mosomas), posiblemente divergieron más tempranamente 
que los que presentan alta ploidia (Favarger & Contan
driopoulos 196 1; Bruchmann & Hobohm 20 14). Favarger 
y Contandriopoulos (196 1) propusieron que los paleoen
demicos y patroendemi smos son los grupos antiguos, 
mientras que los apoendémi cos y esquizoendémicos SOI1 
los j óvenes o reci entes . La poliploidia puede provocar 
la fO.n11ación de nuevas especies_ así el patroendemismo 
defin e a las pl rultas diploides cuyos progenitores son po
liploides que presentan distribución amplia (Fig. 4) . El 
apoendemismo defme a plantas poliploides derivadas de 
diplodes ampliamente distribu idos (Fig . 4) Y esquizoen
demismo para las plantas cuyo número de cromosomas se 
ha conservado (ploidial (Fig. 4) (Contruldriopoulos 1962; 
Majar 1988) 

Aunque la evolución cromosómi ca es UJJa estrategia 
evolutiva muy importantc en plantas y otros glllpOS, se 
poco claro cómo la ploidía apOlt a en la definición de en
demismo (B ruehmann & Hobohm 20 14) . Por ejemplo las 
especies de plantas AlIi"m dirphionll /11 Brullo & al.. A. 
colamorophilon Pllitos & Tzanoukadis, Asperula el/boca, 
Campanula consfantin i Beauverd & Topa li ~ C. cymaea 
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Figura 3. Aplicació n de l neoendemismo (11) y paleoendemismo (P) a dos espec ies de mamíferos andinos. (a) Mapas de di stribución de las dos 
especies. (h) Tiempo aproximado de divergencia de las dos especies. H = Holoceno, Modificado de Noguera~Urbano 2016. 

(a) 
Especie 

patroendémica 

Especie 
esqui zoendéll1 ica 

(h) 

Especie 
esqu izoendémica 

F",~j'~ 
Apoendémica 

Figura 4. Esquemas que representan los tipos decndemismo de acuerdo con la evolución cromosómÍca de plantas. (a) Especie po liploide 
ampliamente distribuida . (b) Especie diploide ampliamente distribu ida , Los rectángulos y cuadros representan áreas de distribución hipotéticas. 

los cuales cambian de tamaño por un evento de vicarianza (triángulos). n= número de cromosomas. 

Phi tos, Chaerophyllllm ellboellm Halácsy e HypericlIm 
f ragile Heldr. & Sart son consideradas endémi cas de (a 
las Islas del oeste del Egeo (Trigas & latrou 2006) . A la 

vez A. calamarophilon, Aspe/'1lla el/boea, Campanilla 
conslontini y C. cymaea están clasificadas como esqui
zoendémi cas (Trigas & latrou 2006). 
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Al momento la clasificación del endemismo con base 
en los cromosomas ha sido superada por clasificaciones 
basadas en el ti empo y el lugar de divergencia. Dc ello 
resulta que se haya re lacionado e l concepto de endemis
mo con el sitio de evolución de las especies (van Steenis 
1964; Merckx el al. 2015) . Se considera el "endemismo 
céntrico" para definir a las especies endémicas que han 
tenido una evolución in si/u (Fig. 5) (Merckx e/ al. 2015) 
Y el "endemismo excéntrico -- es usado para las especies 
que han migrado de sus sitios de divergencia (Merckx el 
al. 20 15) (Fig. 5). En un sentido práctico de los anteriores 
conceptos, Merck el al. (2015) definieron como endémi
cas a aquellas especies con poblaciones restringidas a su 
área de muestreo (Parques Kinabalu y Crocker Range en 
Malasia) y re lacionaron el sitio de dispersión tomando 
como base de comparación el piso altitudinal que ocupan 
la especie endémica y su congénere cercana (Merckx el 
al. 2015) . Los autores concluyeron que las especies en
démicas en estudio, pueden evolu cionar en el sitio actual 
de desarrollo o a partir de áreas vecinas (Merckx el al. 
20 15). 

Una propuesta que ha sido levemeute discutida es la 
de apbcar el endemismo según el concepto de especie de 
referencia (González-García & Gómez de Silva 2003): 
por ejemplo el "endemismo biológ ico" toma en cuenta el 
concepto biológico de especie (Dobzhansky 1935: Mayr 
1942), en el cual es posible recollocer subespecies endé
micas: y el --endem ismo fdogenético l

' se basa en el con-

Especie endém ica centrica 

Especic endémI ca c}¡céntriea 

Figunl 5. Representación esquemática del endemismo céntrico y 
excéntrico. El triángulo represent<l un área geográfica, mientras que 

los rectángulos indican lus áreas de distribuc.ión de dos especies. 
En la especie endémica excéntrica las flechas indican la movilidad 
de la distribución desde el ti empo de divergencia (Tiempo 1) hasta 
el Tiempo 3. cuando la especie se acerca parcialmenle a su sitio de 

divergencia . 

cepto filogenético (Cracraft 1989). Con la aplicación del 
concepto filogenético de especie muchas subpoblaciones 
consideradas como subespecies con el concepto bioló
g ico de especies, pasan a ser especies. Por lo tanto, con 
el endemismo fi.logenético. sólo se reconocen especies 
endémicas (González-Garcia & Gómez de Silva 2003). 
Considero que la definición de los taxones con base en 
linajes, gnlpos monofiléticos, etc . contribuyen a la cuan
tificación del endemismo. no obstante, la diferenciación 
de los dos tipos de endemismo aporta poco a la base con
ceptual del endemismo. la cua l sigue siendo la restricción 
geográfica a un área. Por otra parte_ para las especies ex
tintas la infonnación filogenética puede ser incompleta o 
ausente. Así el endemismo filogenético de González-Gar
cia y Gómez de Silva (2003 ) se vuelve impráctico. Si se 
toma el endemi sl110 para considerar subespec.ies, como es 
el caso de taxones fósiles, cl único criterio empicado es la 
restricción a un area geográfica detcnninada. Por ejemplo 
el ciervo siciliano CervlIs elaphus siciliae es una subes
pecie endémica de Sicilia, registrada a partir de depósitos 
del Pleistoceno medio en Sicilia (Mangana 2005). 

La necesidad de integrar múltiples dimensiones de la 
diversidad biológica en la interpretación del endemismo, 
ha ll evado a que se interprete el temlÍno dentro de un con
texto filogen ético. En este sentido Fa ith el al. (2004) pro
pusieron el endemi smo filogenético (EF) con base en la 
diversidad filogenética (DF). para representar la hi storia 
evolutiva sillgulannente representada por un conjunto de 
t",,,ones en un área geográfica (Faith el al. 2004) . Aun
que Faith el al. (2004) fueron ambiguos en su definici ón, 
Rosauer el al. (2009) incluyen a la restricción geográfi
ca como detenninante del endemismo filogenético, una 
medida filogenética de endemislllo absoluto. Una ventaja 
del endemismo filogenético es que pennite incluir direc
tamente datos filogenéticos para la interpretación de pa
trones espaciales del endemi sl11o. 

ÁREA ENDÉMICA, ÁREA DE ENDEMISMO y 
CENTRO DE ENDEMISMO 

La apli cación del endemismo ha llevado a crear otros tér
minos relacionados: el área endémica. el centro de cnde
mismo y el área de endemismo. [nicialmente la presencia 
de un taxón endémico pennitió caracterizar a una zona 
geográfica como área endémica (Polunin 1960; Nelson 
& Platnick 198 1: Rosen 1988: Axelius 1991: Paren ti & 
Ebach 2009). Polunin (1960) (p . 205 ) afirma quc "un área 
endémica es el área de una especie 1I otro taxón que, en 
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su distribución, se limita a cierta. región natural o hábi
tat únicos por causas históricas ylo ecológicas". En este 
contexto un taxón endémico presentaba un área endémi
ca. así que cualquier taxón nativo y restringido podía ser 
endémico a alguna área (Anderson 1994). El endemismo 
es relativo al área geográfica que se tome para la compa
ración (Cracraft 1985), así que un "área endémica" podía 
ser un concepto equivalente al área de distribución (Polu
"in 1960). 

La puesta en práctica del endemismo en estudios eco
lógicos y conservación , ha reque rido generaJ iza r e l área 
endémica para describir zonas habitadas por varias espe
cies endémicas restringidas. De modo que la superposi
ción, recurrencia o concentración de áreas de distribución 
de especies endémicas definen a un patrón de endemis
mo . Por ejemp lo un área de aves endémicas será aque
lla área ocupada por varias especies con distribuciones 
restringidas (menores a 50,000 km') (Stattersfield el al. 
1998). Desde esta perspectiva el área endémica revisada 
por Polunin (I960) toma otro sentido en conservación, al 
representar un patrón de endemisI!110 confonnado por va
rias especies restringidas y que se codistribuycn sólo en 
esa arca. 

Por otra parte, un arca de endclrnismo es una zona geo
gráfica definida por la congruenc.ia espacial de las áreas 
de distribución geográfica de dos o más especies (Plat
nick 1991: Espinosa el al. 2001: Noguera-Urbano 2016). 
La congruencia espacial es explieada por procesos dife
rentes al azar (Morrone 1994) v mpresenta la integración 
de los taxones en el espacio y tiempo en estratos tem
porales (Fig . 6) (Noguera-Urbano 20 16). Tanto las áreas 
endémicas de Stattersfield el al. ('1998) como las áreas de 
endem ismo representan patrones de cndemismo defuüdos 
por limites geográficos, sin embargo las áreas de ende
mismo pueden presentar cualquier tamafía en SlI área. De 
acuerdo a lo anterior se podrían tomar algunos conceptos 
como equivalentes. Es decir, si el endemismo de Candolle 
( 1820) en e l contexto histórico define el "área endémica' 
como aquella área donde se encuentra un taxón endémico. 
e l "área endémica" (Polunin 1960) estaria representando 
una unidad geográfica similar a la de Candolle. Para ge
neralizar el uso de los tém1inos y evitar malas interpre
taciones sobre el endcmismo, considero que se debería 
homologar los conceptos de Candolle (1820) y PolunÍll 
( 1960) para área endémica. mientras que se podría gene
ralizar el uso de "áreas de cnden,ismo" para definir los 
patrones de endemismo. 

Otra manera de representar el endcmislllo son los cen
tros de endemi smo (Crisp el al. 2()0 1: Linder 200 la) . Los 

33(1120(7 

(a) 

EG 

(b) 
u v el 

Figunl 6. Modelo simplificado de un área de enuemismo. (a ) Vista 
actual de las áreas de distribución integradHs en el espacio-tiempo. (b) 
Como se verían las distribuciones separándolas con respecto a la edad 
de los taxones endémicos. Se indica el espacio geográfico (EG) C011 

el cual se referencia el área de endemismo, tm centro de congmencia 
(Ce), especies endémicas (n. v, w, x. y, z) y dos cenocrones o 

estratos temporales ce 1, e2). Modificado a partir de: Noguera-Urbano 
(2016), 

centros de endemismo son sitios con alta concentración 
de especies que presentan áreas de distribución restringi
da (Williams el al. 1996: Crisp el a/. 2001 ; Linder 200 1 b) . 
El supuesto de los centros de endemismo es que las áreas 
de distlibución de los taxones restringidos se superponen 
unas sobre otras y que los patrones de endcmismo que 
confonnan se traslapan unos sobre otros en la naturaleza 
(Crisp el a/. 2001). Sin embargo, se ha propuesto que es 
dificil comprobar que los taxones sean endémicos a los 
centros de endemismo. o que las distribuciones de las es
pecies tengan congruencia espacial (Linder 200 la). 

Desde mi plmto de vista, los tres ténninos relaciona
dos con endemismo: área endémica (según Stattersfield 
el al. 1998). centro de endemi smo y área de endemismo. 
toman en cuenta que las áreas de distribución de los orga
nismos proveen infonnación sobre la relación compleja 
entre los ambientes fisicos y los atributos biológicos de 
los organismos. Sin embargo. emplean criterios diferentes 
para delimitar el endemismo. Las áreas endémicas y los 
centros de endemismo se basan en la restricción a un área 
de tanlaño y limites arbitrarios. mientras que las áreas de 
endemismo se basan en la superposición de las áreas de 
distribución geográfica. 
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Con respecto a la integración evolutiva de los taxones, 
Linder (200 la) ha mencionado que en los centros de en
demismo los taxones presentan historias múltiples y que 
las áreas de endcm ismo contienen biota con hjstoria (mi
ca. En mi opinión , en las áreas endémicas según Statter
sfield et al. (1998), los centros de endemismo y las áreas 
de endemi smo. los taxones se encuentran integrados en el 
espacio, pero tienen múltiples historias . Pero en algunos 
casos los taxones pueden conformar subgmpos y tener 
historias compartidas en el tiempo . Por ejemplo en el área 
de endemismo Andina la integración de los taxones endé
micos ha ocurrido en diferentes tiempos en la evolución 
de América del Sur. pero todos han sido afectados por el 
levantamiento de los andes y la olrOgenia de la zona (Fig . 
6) (Noguera-Urbano 20 16) 

Se considera que las áreas de endemismo y los centros 
de endem ismo pueden ser representados vaJof<Uldo tanto 
la concentración de las áreas de distribución de las es
pecies endémicas (continuidad del patrón de endem ismo) 
como sus límites geográficos (Cracraft 1985: Anderson 
1994; Crisp el al. 2001' Noguera-Urbano 2016). En una 
perspectiva integradora de los dos conceptos "centros y 
áreas de endemismo", se podría considerar que las areas 
de endemi smo al tener un centro de congmencia con va
lores máximos de endemismo (Fig. 6) (Noguera-Urbano 
20 16), podrian contener centros de el1demismo. En un 
área de endem islllo los centros de endemismo estarían 
conformados por la alta congruencia de las especies en
démicas. Además, las áreas de endemismo pueden estar 
superpuestas confonnando difen;!ntes estratos de inte
gración temporal, estratos temporales (Fig . 6), Y estarían 
representando historias multiples w mo los centros de en
demismo . 

MÉTODOS DE CUANTIFICACIÓN DEL 
ENDEMISMO y PATRONES JBASADOS EN 
RESTRICCIÓN 

Una vez definidas las especies distribuidas en algún arca 
geográfica, es posible aplicar diferentes tipos de des
criptores para cuantificar el endc:mislllo (Apéndice r) e 
identificar áreas de endemismo (Apéndice 11 ). La cuanti
ficación del endemismo se relaciona con la estimación de 
la riqueza de taxones endém icos por unidad de área (pais. 
provincias_ celdas) con el objetivo de hacer comparacio
nes. conocer la distribución del endem ismo en un area 
geográfica, eval uar la correlación del número de especies 
endém icas con la riqueza de especies o dirigir esfuerzos 

de conservación. Por otra parte, la identificación de áreas 
de endemismo se dirige a conocer y describir patrones 
evoluti vos con base en las distribuciones de las especies, 
en ellas se toma como argumento teórico que la tiena y 
la biota evolucionaron juntos. Con los métodos de iden
tificación de áreas de endemismo se busca proponer hi
pótesis biogeográficas que puedrul ser interpretadas para 
explicar la integración espacio-temporal de las especies 
cndcmicas. 

En los métodos usados para cuantificar el endemismo 
se aplica el endemismo como ~:distribución restringida"' 
(Apénd ice 1) . Estos métodos son sencillos en su aplica
ción. pero pueden ser poco útiles en la comparación entre 
regiones de diferente tamruio (Majar 1988). Por ejemp lo 
la estimación de la Riqueza de endemismo y Proporción 
de endemismo son medidas directas del numero de espe
cies endémicas dentro de un área o con relación a un área 
respectivamente (Apéndice 1) . Ambas métricas brindan 
poca información sobre el área de distribución de las es
pecies )' no toman en cuenta el tamaño de las unidades de 
comparación (Kier & Barthlott 2001). 

Otros métodos como el indice de Byko\V (Majar 1988: 
Hobohm & Tucker 20 14), la densidad de endemismo 
(Hobohm & Tucker 20 14) y la relación área-endemismo 
(Majar 1988: Harte & Kinzig 1997; Hobohm & Tucker 
20 14) son empleados para evaluar la concentración de en 
demismos entre unidades geográficas (continentes, paises, 
celdas, etc.) . Los tres Índices incluyen en sus ecuaciones 
el trullañO de las áreas de distribución y el área geográfica 
analizada (Apéndice 1), no obstante, su interpretación se 
debe realizar con cuidado, ya que e l supuesto básico es 
que las especies están bien muestreadas en el área de estu
dio (Kier & Barthlott 2001). En el caso de la densidad de 
endemismo y la relación area-endemismo su aplicación 
se vue lve poco práctica, cuando las árcas en comparación 
tienen trullaños diferentes (Hobohm & Tucker 20 14). 

La selección de ta\":ones endémicos COI] criterios arbi
trarios y basados en un valor absoluto del endemismo, son 
factores condicionantes aJ momento de estudiar y compa
rar s itios de interés. Así que se desarrollaron .i.ndices para 
la evaluación de la distribución espacial del endemismo 
y la identificación de s iti os de alta concentración de en
demismos (Apéndice I). los cuales son representados en 
mapas de endemismo. Los patrones de concentración de 
especies endém icas fueron denominados como áreas de 
rareza (Williams et al. 1996) o centros de endemi smo 
(Crisp etal. 2001: Linder 2001a), los cuales son concep
tos equivalentes, si se roma en cuenta que representan 
concentraciones de sitios con los mayores valores de en-



20 
 

  

ActaZoológicaMexicana ¡NUEVASER'E, 

demismo (Williams el al. 1996: Crisp e/ al. 200 1; LÜlder 
200 Ib) . 

Para la identificación de centros de endemismo fueron 
desarrollados los indices de Endemi smo Ponderado (WE) 
y Endemi smo Ponderado COITegido (CWE), que tomrul 
como unidad de comparación celdas de una gradilla 
(Apéndice 1) . El CWE es una modificación del WE, con 
el cual se busca disminuir la correlación entre la rique
za de especies y el endemismo (Crisp el al. 200 1: Linder 
200 Ib) . El CWE facilita la identificac ión de centros de 
endemismo pobres en especies (Crisp el al. 200 1), pero 
en siti os con bajo muestreo de especies ampl iamente dis
tri buidas el indice puede resul tar infl ado (Slatyer el al. 
2007) 

Otra modificac ión al WE, denominada Ri queza de en
demi smo (Cs), ti,e propuesta por Kier & Barthlott (200 1) 
con el objeti vo de general izar el indice para cua lquier tipo 
de UGO (gradillas. corotipos, biomas, ecoregiones, etc.). 
En este indice se considera que cada especie contribuye al 
inventario general del área, se incl uye el trun año del área 
de distribución y su valor complementario dentro del área 
estudiada como facto res de la fo nnula (Apéndi ce 1). Los 
tres métodos coinciden en descartar el uso de un cri terio a 
prio ri para identificar a las especies endémicas (Williams 
el al. 1996: Lovett el al. 2000) . 

En búsqueda de aumentar el peso de las especies en
démicas en los índices. se ha propuesto el uso de ventmlas 
(v.g . 3x3 celdas) para estimar el endemismo. Sobre las 
ventanas de rulálisis se calcul a el indice WE y su valo r se 
relativiza con la riqueza de especics por ventana (Slatyer 
el al. 2007). Laffan, Lubarsky & Rosauer (20 10) propu
sieron otros cambios a los indices WE y CWE. Algunos 
indices del endemismo se encuentran disponibles en el 
progrrun a Biodiverse (Laffrul el 01. 20 10), incluyendo los 
WE y CWE nonnal izados con el número de celdas que 
componen el área de estudio (Apéndice 1) . Otras aplica
ciones incluyen la identifi cación de endcmismo con el 
LI SO de ventanas para diferentes nj veles taxonómicos (or
den, frunilia, género) en el llamado Endemi smo Completo 
con Parti ción Jerárquica (Laffan el al. 20 13) (Apéndi ce 
l), bajo el supuesto que cada nivel taxonómico contribuye 
al endemismo de un taxón. 

A partir del concepto de endemismo filogenético de 
Rosauer el al, (2009). se hrul propuesto indices que inte
gran la di versidad fil ogenetica y los indices WE y CWE, 
por cjcmplo el ind icc de Endemi smo Filogenético (EF) 
(Apéndi ce 1) . El EF representa la cantidad de divers idad 
ti logcnética de un ta,ón o ciado restringido a un área geo
gráfi ca con base cn dos criterios (Rosauer el al. 2009): a) 

33(1) 2017 

mide la variación del endemi smo a través de cada unidad 
(celdas) dentro del á rea de estudio: v b) integra todos los 
niveles fi logenéticos representados en la fil ogenia usados 
en el análisis. Los dos criterios hacen que e l EF pueda ser 
medido para cualquier área de interés, a diferentes escalas 
y además que dependa poco de los ni veles ta,<onómicos 
de los taxones analizados . Cerca de otras 12 modifica
ciones se han desarrollado al EF para incorporar las co
rrecciones realizadas a los indices W E y CW E (Laffan el 
al. 20 10) , Dos ejemplos de indiccs usados para dcscri bi r 
el EF son los Rareza Filogenética Corregida-Ponderada 
yel Endemismo Filogcnd ico Pondcrado Corrcgido (va
riante central) . El primer indi ce incluye la abundancia 
de los laxones, buscando dar mayor peso a las especies 
raras . Mientras que el segundo considera g rupos de ce l
das (ventanas) para estimar la restri cción de la DP. Otras 
modificaciones al EF ingresan como factor la simulación 
de pérdida de ciados en la fi logCllÍa. con la intensión de 
evaluar el efecto de la disminución de taxones superiores 
sobre la PD y por lo tanto el endemismo . Las rulte riores 
varirultes de la DP se encuentran (runbién implementadas 
en el progrruna Biodiverse (Laffrul el al. 20 10). 

MÉTODOS DE IDENTIFI CACiÓN DE ÁREAS DE 
ENDEMISMO 

En biogeografia evolutiva se toma al endemismo como 
restri cción a un área sin importar el tamaño. Las áreas de 
elldemismo se identifican a partir de la evaluación de la 
congruencia espacial de las áreas dc distribución dc las 
especies, para retener a aquellas á reas sopOltadas por las 
especies con alta congruencia espacial. Sin embargo. la 
descripción de patrones de endemismo ha sido cont rover
sial por la ausencia de un valo r cuanti ficable de la con
gruencia espacial (H enderson 199 1). Esto ha llevado a 
pensar que el uso de la congruencia espaciaJ como criterio 
para la identificación de las áreas de endemi smo, puede 
ser poco útil cuando se trata de especies endémi cas sin 
congruencia espacial que habitan islas (Harold & Mooi 
1994) 

En biogeografía evolutiva de acuerdo con la inter
pretación de la congruencia espacial y la puesta a prueba 
de su validez, se han desarrollado aproximadamente 11 
métodos para la identificación de patrones de endcmismo 
"áreas de endemi smo" (Apéndice 11): (a) los que gcnera
lizan las presencias a un idades geográfi ca operativas (cel
das, ecosistemas o tipos de vcgetac ión. etc.) y luego las 
comparan para identificar g rupos, mcdidos a p.,t ir de la 
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alta congruencia espacial de los taxones: (b) los que toman 
como di stribuciones a las localidades de presencia y por 
lo tanto la congruencia se mide a ese ,livel; y (c) aquellos 
métodos que buscan probar la significancia matemática 
de la congruencia espacial~ a partir de la evaluación de la 
no aleatoriedad de las áreas de endemismo. 

En el primer grupo se encuentran el Análisis de Parsi
monia de Endemi smos (PAE) (Rosen & Smith 1988), el 
Análisis de Parsimonia de Endemismos para celdas (PAE) 
(MolTone 1994) yel Análisis de Endemicidad o Criterio 
de Optimización (AE) (Szumik el al. 2002: Szumik & 
Goloboff2004) . La identificación de áreas de endemismo 
en el PAE puede incluir localidades, provincias, celdas y 
otros UGOs, mientras que en el AE las distribuciones son 
representadas solo por localidades o el uso de matrices de 
taxones por celdas. 

Se ha mencionado que los métodos que jerarqui zan 
UGOs desestiman la representación de los sistemas na
turales (Szumik el al. 2002: Casagranda el al. 2009), así 
que la diferencia entre el PAE y el AE, se fundam enta en 
esa filosofia. Con el PAE se identifican sistemas jerarqui
zados de areas de eodemismo, mientras que con el AE se 
obtienen áreas de endemismo superpuestas. En cuanto a 
la aplicación metodológica, el PAE ha sido criticado por 
la inclusión indirecta del componente espacial. Por esta 
razón en el AE se comparan celdas y se obtiene un indice 
de endem ismo para cada especie y área de endem ismo, 
esto involucra el componente espacial dentro de la eva
luación del endemismo (Szumik et al. 2002; Casagranda 
el al. 2009) . 

El segundo grupo está integrado por el Método de 
Análisis de Redes (NAM) (Dos Santos el al. 2008) y la 
Interpolación Geográfica del Endemismo (GlE) (Olivei 
ra el al. 2015) . En el NAM se evalúa la congruencia a 
nivel de localjdades (Dos Santos el al. 2008), haciendo 
implícito cl componente espacial para identificar areas 
de endemi smo. Sin embargo. los patrones con poca con
gruencia detectadas en el NAM han sido criticados por 
considerar que cumplen vagamente con el criteJio de area 
de endemismo (alta congruencia espacia l) (Casagranda 
el al. 2009). La comparación de las distribuciones en e l 
NAM, se realiza considerando la conexión entre localida
des y la posterior identificación de patrones con análisis 
de redes. El análisis de redes pernlite incluir a las especies 
y sus relaciones espaciales (Dos Santos el al. 2008), esto 
lo diferencia del PAE y el AE que son dependientes de 
celdas de grillas. 

El GlE es una adaptación de la interpolación espacial 
Kernel para la representación del endemismo (Oliveira 

el al. 20 15). Este método define áreas circulares de in
fluencia alrededor de los puntos dc presencia, las cuales 
son usadas para evaluar su traslape con una función de 
densidad Kernel y representar el endemismo como un 
continuo en el espacio geográfico . Las selecciones de los 
radios para comparar las distribuciones son definidos por 
el usuario (Oliveira el 01. 20 15). por lo tanto, la di stribu
ción de los valores de endemismo podría depender del 
radio que se tom e. 

En cuanto a la implementación de los métodos, el PAE 
puede ser ej ecutado en programas que tengan parsimonia 
como método filogenético, el AE ha sido desarrollado en 
el programa NDMNNDM (Goloboff 20 14) y NAM se 
encuentra en el paquete SyNet de l programa R (Dos Srul
tos el al. 2008: Dos Santos 20 11 ). Mientras que el GTE 
se encuentra como extensión de un programa comercial 
de Si stemas de información geográfica (Olive ira el al. 
20 15). 

En el tercer grupo se encuentran el reconocimiento de 
áreas de endemismo de Harold & Mooi (1994). el crite
rio de optimización para evaluar métodos de endemismo 
(Linder 200 I a) , el Análisis de Ca-presencia significante 
de (axones (Sigcot) (Mast& Nyffeler 2003 ), el Análisis de 
Endemismo de Áreas Anidadas (NA EA) (Deo & DeSalle 
2006) y Sigcot con PAE (Giokas & Sfenthourakis 2008). 
Harold & Mooi (1994) criticaron e l uso de la congmen
cia espacial como único criterio para identificar áreas de 
endemismo y propusieron la inclusión de información 
fil ogenética para la identificación de áreas de endemis
mo (criterio de congruencia espacial y filogenética). El 
protocolo es teórico y hasta el momento se encuentra sin 
implementar. 

El Sigcot penuite filtrar los taxones antes de aplicar 
cualquier método para la identificación de las áreas de 
endemi smo . Se fundamenta en la evaluación de la con
gmeneia espacial . eonmodelos nulos. Para ello se aleato
riza las distribuciones y se mide la congruencia entre las 
di stribuciones generadas. Si la congruencia observada se 
encuentra con frecuencia alta en las comparaciones de las 
di stribuciones generadas, entonces la congmencia podría 
ser explicada por el azar (Mast & Nyffeler 2003). En el 
criterio de Sigcot (Linder 200 1a) y Sigcot con PAE se 
busca poner a pmeba las áreas de endemismo y la con
gruencia espacial. y se ejecutan antes o después de identi
ficar las áreas de eJldemismo. En el Sigcot (Linder 200 la) 
se desarrolló el indice de congmencia (CON. Apéndice 
11) e l cual pondera el tamallO del área de distribución con 
el tamaño del área de endemismo. Este índice mide el 
ajuste de la distribución de las especies endémica al área 
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de endemismo. El Sigcot con PAE, sigue los plincipios 
básicos del Sigcot pero en lugar de ejecutar los modelos 
nulos sobre la matriz completa, la comparación se hace 
con los taxones en cada área de endemismo (Giokas & 
SfcndlOurakis 2008) 

El NAEA es una adaptación del análisis de ciados ani
dados (Dca & DeSalle 2006). cmplcado en filogeografia 
para el estudio de tlujo de genes l' poblaciones (Templeton 
1998). Una de las ventajas del NAEA, es la evaluación de 
la significancia de la congmencia espacial para identificar 
las áreas de endemismo (Deo & DeSalle 2006). La des
ventaja general para este y otros metodos que generali zan 
las distribuciones a celdas, es )a dependencia del resulta
do al tamaño de celda, especies endém icas con un tamaño 
de celda particular podrian no serlo COI1 otro tamallo de 
celda (Morrone & Escalante 2002) . Con respecto a la im
plementación del NAEA. este método se puede ejecutar 
en el programa original para e l análisis filogeográfico de 
ciados anidados (Deo & DeSalle 2006). 

PROBLEMAS ASOCIADOS A LA 
CUANTlFIICACIÓN DEL ENDEMISMO y A LA 
DESCRIPCiÓN DE PATRONES DE ENDEMISMO 

Los resultados de los cálculos de los indices para el aná
lisis del endemismo pueden ser afectados por variaciones 
en las variables de las fórmulas (riqueza de especies. ta
maño del área de estudio, tamaño de celdas, sesgos de 
muestreo. etc.) . En el caso de los métodos de cuantifica
ción del endemismo_ la evaluación de la concentración 
del endcmi smo o la identificación de áreas de endemi smo 
que son dependientes de celdas. el efecto del tamaño l' di
visiones de la gradilla pueden ocultar los patrones (Linder 
200 la: Morrone & Escalante 2002). Para el PAE. NDM, 
entre otros. la modificación del tamaño de celdas altera la 
generalización de las distribuciones a las celdas. asi que 
un taxón que es endémico a una escala_ podría no serlo en 
otra (Morrone & Escalante 2002). 

La extensión del área de estudio puede condicionar 
la ubicación de los centros de endemismo o la identifi
cación de las áreas de endemismo. Si se incluyen áreas 
de distribución incompletas, los índices de cuantificación 
del endemismo cambian, debido al efecto que tiene el 
número de celdas sobre la pOllderación del cndemi smo 
(Lovett el al. 2000). En los métodos de identificación de 
áreas de endemismo este punto ha sido poco explorado, 
no obstante. se podria esperar que se identifiquen á reas de 
endemismo falsas al encontrar congntencia espacial alta 

3311) 2017 

entre un arca de distribución completa y e l fragmento de 
otra (Fig. 7) . 

En los indices que consideran ventanas o radios para 
estimar la densidad durante la ponderación, se ha men
cionado que el movimiento y tamaño de las ventanas in
crementan los valores de endemismo (Laffan el al. 2013). 
Esto sc relaciona con cl uso de la riqueza para corregir 
el indice de endemismo, donde la riqueza alrededor de 
la celda objetivo puede se r variable. Por ejemplo. usar 
una ventana de cuatro celdas podría involucrar conteos 
incompl etos, en comparación con una ven tana de nueve 
o más celdas. En el caso del GIE, modificaciones en el 
tamaño del radio de análisis , ocasiona cambios en la den
sidad del endemismo . 

La dependencia de todos los métodos al conjunto de 
taxones analizados es alta. la adición o sustracción de 
especies afecta la evaluación del endemismo (Linder 
200 1 b) . Los indices de riqueza de endemismo, relación 
endemi smo-riqueza total y densidad. sc vuelven incom
parables si existen vacíos en infonnación sobre la riqueza 
total l' distribuciones de los taxones . Por ej emplo. si se 
comparan las riquezas de mamíferos endémicos en el pre
sente y su representatividad en el Cuaternario (Cuadro 1), 
se observa que los valores más altos de endemismo se en
cuentran en e l presente. Esta es una conclusión poco acer
tada, considerando que el conocimiento sobre la riqueza 
de mamiferos endém icos del Cuatel1131io y otros periodos 
es incompleto. Por lo tanto, se considera que los patrones 
de endemismo son h.ipótesis que deben ser probadas con 
nuevos datos (Harold & Mooi 1994). analizadas con di
ferentes enfoques metodológicos y generalizadas a. partir 
de comparaciones con otros patrones (Morronc 1994). El 
desarrollo de protocolos para la evaluación del endemis-
1110 y los patrones que confonna aún es un campo en de
sarrollo. 

PERSPECTIVAS 

La mayoria de índices iniciaron con la descripción de pa
trones espaciales del endemismo, pero se ha progresado 
en el desarrollo de indices como el endemismo filogené
tico, con el objeto de darle peso a la historia evolutiva de 
los taxones. Sin embargo, se considera que la inclusión 
de tas dimensiones espacio-tiempo y fonna podria ser un 
nuevo enfoque para el análisis de los patrones de ende
mismo (Noguera-Urbano 2016). 

En general e l tém'¡no endémico se refiere a la exclu
sividad de un taxón a un área geográfica. Por ejemplo e l 
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Áreas de distribución 

Figura 7. Mapas de distribuc ión de tres especies de mamíferos. (a) Áreas de distribución 
completas de las tres especies, Al/aufa pigm Lawrence, 1933 y Clyptofis lIIayellsis 

(Merriam 190 1) pueden ser consideradas que soportan a la Península de Yucatán como área 
de endemismo. (b) La di stribución de Cnrollia soweJ¡¡ Baker, Solari & HotTmann, 2002 

está incompleta en el mapa, durante un análisis de endemismo que incluya la panorámica 
presentada las tres especies podria soportar a la Pe¡únsula de Yucatan como área de 

endenúsmo. En este caso C. sowel/i es un falso endemismo de la Península, resultado de 
incluir una distribución incompleta. 
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Cuudro 1. Aplicación del endemismo tomando en cuenta la restricción de mamíferos a un país. Se presentan el número de taxones endémicos 
de México en el presen te y las cifras suponiendo que los mismos laxones fueron endém.icos en el pasado (Cuatemario tardío ). Endémico es E y 

riqueza es S. 

Unidad Orden familias Género Especie Referencia 

Actual Rlqucza total # 13 

Riqueza E # O 

E/S % O 

E/A (SpE/km') O 

Holoccno tard ío Riqueza total # 12 

Rique'.m E # O 
E/S % O 

E/A (SpE/km') O 

roedor Neoloma e/necea (Ord 18 15) es considerado en
démico, porque está restringido al norte del Pacifi co de 
Amé ri ca de! Norte (Zabel & Anthony 2003). Sin embar
go, los registros fós iles del Pleistoceno indican que la es
pccie se encontraba en México (Ferrusqu ía-Villafranca el 

al. 2010). Este caso refl eja el sentido vari able de la apli 
cación del endemi smo. al ser tomado como rest ricción 
geográfica. Las especies que en la actualidad son consi
deradas endémicas, pudieron tener mayores o menore-s 
distribuciones en el pasado o estar restringidas en zonas 
geográficas diferentes a las actuales. La identificación de 
patrones de endemi smo requiere un conocimiento acep
table de las distribuciones de los taxones. En el análisis 
de provincialismo de mamíferos pleistocénicos en Méxi
co (FemJsquia-Villafranca el al. 20 10). los autores inte
graron la infonnaci ón de mamí feros extintos y existentes 
para identificar patrones. A partir de ello se propusieron 
ocho corredores que pennitie ron el fluj o de mamíferos a 
lo largo y dentro del territo rio mexicano. Esto demuestra 
que los patrones biogeográficos pueden ser recuperados 
usando distribuciones multitemporales integradas. En la 
actualidad son pocos los análisis que incluyen fósiles para 
estudiar patrones de endemismo. este puede ser un nue vo 
camino a expl orar. 

Generalmente en los indices de endem ismo fil ogcné
tico se estima la histo ria evolutiva de los taxones sobre 
una o más celdas y luego se comparan entre conjuntos dc 
celdas. En cste proceso sc dcja un lado el análi sis de la 
histo ria independiente de cada taxón endémico. La com
posición de los taxones en los patrones de endemismo es 
un punto que empieza a ser explorado. Por ejemplo, para 
las á reas de cndem ismo se sabe que su estructu ra puede 
scr asincrónica con respecto a la edad de cada taxón (No-

46 

O 

O 

O 

44 

O 
O 

O 

202 544 Ceballos, 2014 

II 170 Ceballos.2014 

6 31 Este estudio 

6* 10-6 9* lO-! Este estudio 

(46 279 Arroyo-Cabrales el al. 2002~ 

Cebull as el al. 20 10: 
Femlsquía-Villatr anca el al. 20 ID 

4 23 Este estudio 

3* 10-1 8 Este estudio 

4* 10-6 1 * IO-j Este estudio 

guera-Urbano, 20 16) . Se piensa que en las áreas de ende
mismo pueden ocurri r múltiples t iempos de integración, 
dependiendo de la evolución de los taxones endémicos 
en cada área de endemismo. Por lo tanto, es necesaria su 
evaluación integral para dejar de percibi r al endemismo 
como restr icción, e interpretarlo dentro del contexio evo
(utivo (unicidad). Además. hace fa lta explorar e incorpo
rar en los índices la fo rma de los taxones representada en 
atributos biológicos. La inclusión de mayor info rmación 
bio lógica podría mejorar la interpretación del endemismo 
en las tres dimensiones (espacio- tiempo-fonna). 

CONCLUSIONES 

En ecología y cansen /ación el endemi smo se interpreta 
con relación a un área geográfica de referencia y dentro 
un marco temporal detenninado. Mient ras que en bio
geografia evolutiva se considera al endemismo como res
tricción a un área natural sin importar el tamaño. ademas 
pemlite identifi car patrones que han perdurado a través 
de l t iempo. 

Tradicionalmente en ecología el endemismo bajo cri
terios prácti cos es re lacionado con la restricci ón de una 
especie a un area detenninada a prio ri o los limites geopo
líticos. Esto pennite hacer comparaciones entre áreas o 
priorizar sitios donde el endemi smo toma alto valor. 
Mientras que en la perspectiva evolutiva generalmente se 
t1SaJl limites naturales para definir taxones endémi cos y la 
congmencia espacial como crite rio prácti co para la deter
minación de ta'\ones endémicos. 

Las areas cndémicas. areas dc endcmi smo y centros 
de endcmismo representan unidades geográfi cas deri va-
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dos de la aplicación de diferentes criterios de endem ismo. 
En el primero se usa como criterio "distribución restrin
gida". mientras que la presencia de dos o más especies 
que pueden tener o no congruencia espacial soportan el 
área endémica. En las áreas de endemisl110 los taxones 
endémicos son aquellos que habitan áreas de cualquier 
tamaño, pero que tienen alta congruencia espacial con al 
menos otro taxón. En los centros de endemi smo los taxo
nes endémicos son identificados con base en el criterio de 
distlibución restringida, y el endemi smo es relativizado 
en el espacio geográfico de acuerdo al tamaño de área de 
distribución de cada especie endémica. 

Todo lo anterior demuestra la necesidad de un con
cepto unificado del endemisl11o, es decir. se podría gene
ralizar la aplicación de la definición de Candolle (1820) 
para referirse a taxones nativos y de distribución única; 
apLicable a árca de endemi sl11o. Y si se toma en cuenta 
que las áreas endémicas y los centros de endemisl110 se 
basan cn áreas dc distribución restringida, entonces los 
dos tipos de unidades geográficas se podrían llamar áreas 
con especies restringidas y centros de distribuciones res
tringidas respectivamente . 

La identlficación de las áreas endémicas, áreas de en
demismo y centros de endemisl110 están direct:"U11ente re
lacionadas con la estimación y delimitación de las áreas 
de distribución o con la definición del á rca de cstudio. Por 
ejemplo. la comparación de áreas de distribución parciales 
podria resultar en la identificación de áreas de endemismo 
falsas. Por otra parte, la escala espacial puede tener efecto 
sobre la caracterización de los patrones . Por ejemplo. en 
los métodos dependientes de gri lIas. los indices de encle
mismo y la fanna de los patrones de endemismo puede 
variar con el cambio en el tama/io de celda. Por "jemplo 
celdas gra/ldes podrian homogenizar e l endcmismo den
tro del área de estud io, mientras que celdas chicas podrian 
desagregar el patrón. 

Finalmente. la poca inclusión de información de 
taxones extintos en los anál isis biogeográficos de areas 
de di stribución, puede ocasionar sesgos o pérdida de los 
patrones de endemismo (Wagner & Marcot 20 13). Aun
que cUa/ldo los patrones son robustos y la calidad de las 
distribuciones es aceptable, las distribuciones de especies 
actuales penniten hacer inferencias sobre procesos evo
lutivos en múltiples marcos temporales (Martillez-Meyer 
e/ al. 2004: Wagner & Marcot 2013). Por lo tanto, la in
clusión de distribuciones de taxones e"iintos obtenidas 
de registros fósiles podría mejorar la identificación e in
terpretación de patrones biogeográficos propuestos para 
describir el endem isl11o. 
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APÉNDICE J 

Métodos ecológicos empleados paJoa la evaluación del lndice de endemismo 

Nombre 

Riqueza de 
endemismo 

Proporción de 
endcmismo 

Índice de Bykow 

Densidad de 
endemismo 

Relación 
árca-cndenüsll1o 

Endcmismo 
ponderado 

Endcmisl110 
ponderado 
corregido 

Riqueza de 
endcmisl110 

Siglas 

? 

E/S 

E/A 

EAR 

Cálculo 

¿Endémicas 

# Taxones endémicos! riqueza total 
de especies E/S=(ElOOyS 

i = lellenl; donde cf: porcentaje de 
cndenusmo en la región de estudio 
COIl base a la riqueza totaL "'en" se 
obtlene de-> log en=O.373 log a 
- J .043~ donde a : áren km\ en: % 
endc¡nismo esperado 

# Endémicos/ área 

logE = z logA + logc: E = cAz ; E= 
# especies endémicas de un área, A= 
tamaii.o del área. Z y c= constantes 
empiricas 

RSRo WE=¿( I/Ci); donde Ci: 
RSR o WE n;mmo de UGO en las cuales se 

encuentra el taxón i . 

CWE 

es 

eWE=¿(I/ei)lS; donde Cí: número 
de UGO en las cuales el ta.'\ón i 
se encuentra. Se: número tOlal de 
espel:ies t:1l \.jw.h.l cdua 

e, = Cl:Jj/Gi)/A : donde es: riqueza 
de endemismo; 11 : número de 
especies en cada unidad de Illuestreo~ 

li: tamarlo de la área de distribución 
dentro de la unidad de muestreo (# 
celdas); Gi: tamallo de la área de 
distribución fuera de la unidad de 
muestreo: A: tamaño total del área 

Interpretación 

Clitelio: Disuibuci6n restringida. 
Valor absoluto de endemismo. 

Criterio: Distribución restringida. 
Valor absoluto de endemislllo. 

Criterio: DiSl1ibuci6n rL'Stringida.. 
Valor absol uto de endemismo. 

Clitel;o: Distlibución restringida. 
Valor absoluto de endemismo. 

Criterio: Distribución restringida. 
Valor absoluto de cndcmisJ11 o. 

Distribución del endemislllo en 
un espacio geogrático compuesto 
por celdas u otras unidades de 
comparación. 

Distribución dcl endcmismo en 
un espacio gcográfico compuesto 
por celdas 1I otras unidades de 
f.:U lll}Jcum;iúll. 

Distribución del endell1ismo en 
un espacio geográfico compuesto 
por celdas LI otras unidades de 
comparación. 

Resu ltado 

Número de e~1Jecies 
endémicas. 

Proporción o porcentaje de 
endemislllos. 

O<i< 1. Si el índice " i" es 
cercano a l , enlonces el 
área tiene el endemismo 
esperado para el área. 

Valores que indican 
concentración de 
cndemisJJlos. 

Valor que indica la relación 
entre área y riq ueza de 
endcmismos. 

Mapas compuestos por 
celdas. Valores altos del 
111dice indica centros de 
endemislllo; un taxón en 
una sola celda tendrá valor 
de 1 para esa celda. 

Mapas compuestos por 
celdas. Promedio del 
cndcmismo por celda o 
porcentaje de especies 
Tes1.rulgiuus i:I Llll grupu ue 

celdas. 

Mapas compuestos por 
celdas. Mayor riqueza de 
endemismo mayor valor del 
índice. 

Autor 

Sin definir 

Sin deíinir 

Major 1988; HoboluTI & 
TLlcker 2014 

Sin detinir 

Majar 1988; Harte & 
Kinzig 1997 

W ilIiams et aL 1996; 
L inder 2001 b 

L inder 2001 b: Crisp et a l. 
2001 

Kier & Barth.lott 200 I 
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Nombre Siglas Cálculo T ntcrpretacióll 

EF= L LelRe: Le: longitud del brazo 
Endcmismo EF con relación a una filogenia; Rc: área 

Diversidad filogenética de linajes o 
filogenético 

de: disLribución para cada ciado 
taxones endémicos. 

EW=PE/S, !ór' ponderado con la 
Endemismo EW riqueza total o con un grupo de 

Riqueza de taxones endémicos con 
completo 

celdas (venlana), 
respecto al 8r1!3 total en estudio, 

Endcmismo 
completo e011 WEP Múlt iples fonllulas. 

Endemismo med ido dentro de niveles 
jerárquicos en la filogenia. 

pru1jcióIl jerárquica 

Resultado 

Mupa<; compuestos por 
celdas. Valor dc I expresa 
el va lor maXIl110 del 
endemismo lüogenético. 

Mapas compuestos por 
celdas. Los valores indican 
el promedio del endemislllo 
por celda o porcentaje de 
especies restringidas a lm 
gnlpO de celdas. 

MaVas compuestos (X)r 
celdas. Los valores altos 
indican mayor cndemisll10 
de múltiples taxones. 

Autor 

ROSlluer el al. 2009 

L.Han el al. 2010 

LalTan el al. 2013 
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APÉNDICEII 

Métodos biogeográficos evolutivos empleados para la evaluación del endemismo 

Metodo Siglas 
Unidad de 

Criterio Resultado Autor 
comparación 

Análisis de 
Arcas o localidades Grupos de áreas o 

Parsimonia de PAE Conteo de especies Roscn & Smilh 1988 
Endcmicidad 

de distribución localidades 

Análisis de 
Parsimonia de PAE Celdas de gradi lla Conteo de especies Grupos de celdas MOITone 1994, 20 14 
Endemicidad 

Criterio para el 
Áreas de distribución Relación entre áreas el!! 

reconocimiento de 
y LiJogenias distribución 

Grupos de árcas Harold & Mooi 1994 
áreas de cndcmismo 

Criteno de t ndice de congmencia de al Grupos de celdas 
optimización para 

Celdas de gradi ll a 
menos dos especies (con) y asociadas con 

Linder200la 
eval uar metodos de congruencia de sus áreas de parsimonia o 
endemislllo distribución (CON) similitud 

Anál isis de 
Celdas de gradilla Grupos de celdas Szumik el al. 2002: 

endenücidad AE o localidades de Índice de endemicidad sopOltadas por al Szumik & Golobotl' 
o criterio de 
optimización 

presencia menos dos especies. 2004 

Co-Presencia Evaluación de la sigllificancia Grupos de celdas 
Masl & Nyffeler 

STGni~canle de Sigcol Celdas de gradi lla de la congruencia espacial y su significancia 
ta.xones LlSi:U1do modelos nulos estadístÍca. 

2003 

Evaluación de la significancia 

Combinac ión de 
de la congruencia espacial Grupus de celdas 

Giokas & 
Sigcol y PAE 

Celdas de gradilla usando modelos nulos y y Su signifíci:lllcia 
Sfenthourakis 2008 

agmpamientos resultado de 1m estadística 
PAE 

Cladograma de PAE, 
Grupos de celdas 

Análisis de red de árboles de Valores de distancia dentro 
endemisIllo de áreas NAEA tendido mínimo, de grupos de celdas (DC) y el 

o áreas con 
Deo & DeSalle 2006 

significancia 
anidadas áreas de dislIibución, anidamiento de grupos (DN) 

estadística 
celdas de lma gradi lla 

Identificación y remoción 
de especies intennedias Grupos de 

Método de análisis 
NAM 

Localidades de para segregar lllúdadcs de localidades y Dos Santos ct aL 
de redes presencia copresencia, usando "'medidas ulúdades de 2008 

de in terconexión" y coeficientes copresencia 
de agmparnienlo 

Interpolación 
Índice de Kernel para 

Localidades de representar el grado de Mapas de intensidad 
geográfica de GTE 

presencia superposición de las del Índice de KemeL 
Oliveira el al. 20 \5 

endemislllO 
distribuciones de las especies 
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Abridged title: DYNAMISM OF AREAS OF ENDEMISM (Enviado Journal of 

Biogeography) 
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Aim: To describe the changes or dynamism of the potential spatial congruence in the areas 

of endemism of Neotropical mammals in three geological timespans (Current, Mid 

Holocene and Last Interglacial), and to assess if historical and ecological factors could be 

associated with these changes. 

Location: Neotropical region. 

Methods: Using Maxent, we modelled current potential distributions for 74 endemic 

species that support 18 Neotropical areas of endemism of mammals, and we selected the 

most accurate models. Niches were transferred back to 6 ka (Mid–Holocene, MH) and 120-

140 ka (Last interglacial, LIG) to retrieve their ancient potential geographic distribution. 

We quantified the size of the areas of endemism (area occupied by at least two species), 

and calculated their geographical dinamysm (i.e. stability, contraction and expansion of the 

areas of endemism) over the three periods. Then, we tested the effect of some ecological 

and historical factors on the dynamism of the areas of endemism, using a Canonical 

Correspondence Analysis (CCA). We also evaluated whether the endemic species exhibited 

significant phylogenetic structure in each area of endemism.  

Results: Our analysis reveled that the size of the potential areas of endemism changed over 

time. The CCA showed a strong influence of historical and ecological factors on the 

dynamism of the areas of endemism, explaining 70% of the variation. The most important 

explanatory variables were the number of taxonomic orders, with a positive trend in a set of 

11 areas of endemism, and phylogenetic diversity (PD), which showed a positive trend in a 

set of ten areas of endemism. The nearest taxa index (NTI) showed that two areas of 

endemism have phylogenetic clustering: the Magellanic forest province and the Southern 

Puna province. 
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Main conclusions: The individual response of the species to climatic variation probably 

modifies the areas of endemism over ecological time; however, the results support the 

hypothesis that most of them are true historical units that have persisted throughout MH 

and LIG. It is possible that the PD and the number of orders represent the diversty of 

lineages with multiple biological traits (size, form, dispersion form) that may be important 

determinants of dynamism of the areas of endemism.  

KEYWORDS 

Climatic change, evolutionary biogeography, endemism, species distribution modelling, 

sympatry, South America. 
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INTRODUCTION 

An important aim of evolutionary biogeography is to identify areas of endemism to explain 

the evolutionary history of endemic taxa and their geographic areas (Morrone & Crisci, 

1995; Nelson & Platnick, 1981).  Areas of endemism are historical units (Morrone, 1994, 

2009; Nelson & Platnick, 1981; Parenti & Ebach, 2009), defined as a geographic zone 

where there is spatial congruence of the distributional areas of two or more endemic species 

(Espinosa, Aguilar, & Escalante, 2001; Morrone, 1994; Platnick, 1991). Spatial congruence 

is a result of the interactions between historical and ecological processes that define the 

boundaries of species’ geographic distributions (Morrone & Crisci, 1995; Noguera-Urbano, 

2016; Szumik, Cuezzo, Goloboff, & Chalup, 2002).  Accordingly, the congruence of 

distributional areas in an area of endemism represents common history, similar 

evolutionary processes, and probably ecological similarities between two or more species.  

It has been proposed that an area of endemism represents a biotic component 

(Gámez, Escalante, Espinosa, Eguiarte, & Morrone, 2014; Morrone, 2014a). Crother and 

Murray (2011) and Noguera-Urbano (2016) mention that areas of endemism are individual 

entities defined by many features. First, they are identified by the presence of their 

congruent endemic taxa (Morrone, 1994; Platnick, 1991), which explain their historical and 

ecological dynamics (e.g., Escalante, Rodríguez-Tapia, Linaje, Morrone, & Noguera-

Urbano, 2014). Second, areas of endemism are characterized by their boundaries, which 

can represent snapshots in time and may change over time and space (e.g., Gámez et al., 

2014). Thus, areas of endemism are more than simple sums of species, they represent 

historical and ecological entities related to historical and ecological processes (Anderson, 

1994; Murray & Crother, 2016; Pinilla-Buitrago et al., 2018) because they are bound 

temporally by speciation, increase or contraction of the distributional areas, geologic 
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vicariance, dispersal and extinction (Anderson, 1994; Crother & Murray 2011; Murray & 

Crother, 2016). Therefore, areas of endemism may even disappear due to the extinction of 

one or more endemic species (Anderson, 1994). The modification and even the 

disappearance of the areas of endemism can occur on short time scales too due to 

population dynamics; some populations of the endemic species persist, while others 

migrate and others go extinct, modifying their distributional areas (Murray & Crother, 

2016). Thus, areas of endemism exist and change on ecological time scales as a function of 

metapopulational processes (Murray & Crother, 2016).  

 Areas of endemism persist as interactors, they arise or extinguish from the 

processes, alterations and biological dynamics of their congruent endemic taxa and their 

geographical and ecological space (Anderson, 1994; Murray & Crother, 2016, Noguera-

Urbano 2016). Studies about the changes in areas of endemism have shown that some 

endemic species and areas of endemism in Mexico persist through time (Gámez et al., 

2014; Pinilla-Buitrago et al., 2018). The endemic species compose multitemporal strata in 

areas of endemism because of their asynchronous and synchronous divergence times 

(Noguera-Urbano, 2016).  Moreover, the number and composition of areas of endemism in 

Mexico change due to climatic variations (Aguado-Bautista & Escalante, 2015; Gámez et 

al., 2014; Pinilla-Buitrago et al., 2018).  

Analyses that have been previously employed to test for the persistance of areas of 

endemism (Gámez et al., 2014; Aguado-Bautista and Escalante, 2015) have not been fully 

applied to other portions of the Neotropical region. Furthermore, these authors focused in 

the identification of areas of endemism in the past, current and future, to compare and 

describe their persistence, leaving aside explanations about the general evolution of areas of 

endemism. Therefore, the dynamics and temporal persistence of areas of endemism have 
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been based on the evaluation of spatial congruence changes over time, and the factors 

which explain the integration of the endemic species have been only slightly explored.   

 Current and paleontological occurrence data are incomplete or remain 

inadequate for most species (Lomolino, 2004; Whittaker et al. 2005). Ecological niche 

modelling (ENM) relates complete or incomplete occurrence data to abiotic factors to 

estimate areas with suitable environmental conditions for the species (Pearson, Raxworthy, 

Nakamura, & Townsend, 2007; Shcheglovitova & Anderson, 2013). Thus, ENM can be 

used to identify zones that have similar environmental conditions to where the species 

currently maintain populations, and therefore estimate their potential distribution (Guisan & 

Thuiller, 2005; Pearson et al., 2007; Peterson et al., 2011). Moreover, ecological niche 

models can be transferred onto modelled past climates to postdict hypothetical past 

distributional areas (Hijmans & Graham, 2006; Martínez‐Meyer, Peterson & Hargrove, 

2004). As such, the transfer assumes that the occurrence data–climate association does not 

change radically over evolutionary time periods (Peterson, 2011; Peterson, Soberón, & 

Sánchez-Cordero, 1999).  

Using ENM and their transference onto several climate scenarios (past and current) 

have lead to the analysis of changes in areas of endemism over time, and as a consequence, 

to the integration of historical and ecological biogeography (Gámez et al., 2014). Noguera-

Urbano and Escalante (2015) used areas of endemism defined by Neotropical mammals to 

analyze and describe their temporal dynamics. They identified 101 areas of endemism (Ae) 

based on 454 Neotropical species of mammals, using the Endemicity Analysis (EA, 

Szumik et al., 2002; Szumik & Goloboff, 2004), with special focus on the description of the 

areas at regional and local scales. They concluded that the identified areas of endemism of 

Neotropical mammals agree with previous biogeographical units (e.g. Morrone 2014b; 
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Sclater & Sclater 1899; Wallace 1876). The Neotropical areas of endemism identified by 

Noguera-Urbano and Escalante (2015) have potential to be used as empirical samples to 

analyze their temporal dynamics. Taking into account the Neotropical areas of endemism of 

Noguera-Urbano and Escalante (2015), some endemic species were selected to apply ENM 

and predict current (C) and past at Mid–Holocene (MH) and Last interglacial (LIG) 

potential distributional areas. Past conditions are represented by simulations of the MH (ca. 

6,000 years ago), and the LIG (ca. 120,000 - 140,000 years ago), which had profound 

changes and were generally warmer or cooler than today respectively (Otto-Bliesner, 

Marshall, Overpeck, Miller & Hu, 2006; Steig, 1999), so they may be used to model the 

potential distributional areas of endemic mammals and explain dynamics of the spatial 

congruence in the areas of endemism. 

Hence, considering that the spatial congruence of the distributional areas of two or 

more species define an area of endemism, and that their congruent endemic taxa and their 

geographical or ecological space is affected by multiple historical and ecological factors, 

we hypothesize that (1) if areas of endemism are historical units, they have persisted over 

time, or (2) if the distributional areas of the endemic species can be affected by climatic 

variations, areas of endemism change on short time scales (Murray & Crother, 2016). 

Therefore, the main goal of this study was to describe the changes or dynamism of the 

potential spatial congruence in the areas of endemism of Neotropical mammals in three 

geological time spans (Current, Mid Holocene, Last Interglaciation), and to assess if 

historical and ecological predictors could be associated with these changes. The predictors 

selected were the number of endemic species and the number of taxonomical orders as 

proxies of biological predictors; the size of the area of endemism as a proxy of 

geographical factors; and two indices of phylogenetic diversity (Phylogenetic diversity, 
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Faith, 1992; and the nearest taxa index NTI; Webb, 2000) as proxies of historical 

predictors.  

 

MATERIALS AND METHODS 

Areas of endemism and endemic species 

We used the areas of endemism of Neotropical mammals described by Noguera-Urbano 

and Escalante (2015). These authors identified 210 areas of endemism, but we selected only 

18 of them which have all data available for the entire analyses. We compiled the 

phylogenetic and geographic information available that also had high quality and certainty 

in the online databases and literature for the endemic species. The occurrence data (i.e., 

presence only) of the endemic species were obtained from diverse data sources including: 

(1) Global Biodiversity Information Facility (GBIF) database available online 

(https://www.gbif.org/); (2) “SpeciesLink” (CRIA) database available online 

(http://www.splink.org.br/); (3) books about Neotropical mammals (Gardner, 2008; Patton, 

Pardinas & D’Elía, 2016); and (4) systematic surveys in scientific articles (e.g. individual 

species accounts, lists of species and notes on geographic distributions). Only occurrence 

data identified at the species level and with longitude-latitude data were retrieved from 

online databases. Records with the same collector name, collector number, or reported in 

both online databases and books were considered as duplicates, which was used once in the 

final selection based on its location quality (prioritizing records with no data conflicts and 

with the lowest uncertainty). All occurrence data were verified geographically and 

taxonomically following the suggestions of Chapman (2005). To avoid issues associated 

with geographic sampling bias and spatial autocorrelation, occurrence data were thinned 
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with a 10 km radius rule using the R package spThin (Aiello-Lammens, Boria, 

Radosavljevic, Vilela & Anderson, 2015). 

Ecological niche modelling (ENM) 

The bioclimatic variables with spatial resolution of 30 arc-seconds (~1 km) were used as 

predictors. As current climatic conditions (C), we used 19 global bioclimatic layers 

(temperature and precipitation information) downloaded from the WorldClim database 

(Hijmans, Cameron, Parra, Jones, & Jarvis, 2005). Past conditions were characterized using 

paleoclimate simulations for the Last Interglacial (LIG, ca. 120,000 - 140,000 years ago) 

and the Mid Holocene (MH, ca. 6000 years ago). LIG is represented by climate data 

derived from the coupled ocean–atmosphere–land–sea–ice general circulation model 

ENCAR Community Climate System Model (CCSM; Otto-Bliesner et al., 2006), while the 

MH is represented by downscaled climate data from simulations with Global Climate 

Models (GCMs) based on the CMIP5 model. Both past scenarios were downloaded from 

WorldClim (available at http://www.worldclim.org/past).  

Species distribution models (SDM) were built using Maxent (Phillips & Dudik, 

2008, Phillips, Anderson, & Schapire, 2006) as implemented by the ‘dismo’ package 

(Hijmans et al., 2017; R version 3.3.2; R Core Team 2016) using random seed. Logistic 

output format was used to describe the probability of presence (Phillips & Dudík, 2008), 

which is a continuous habitat suitability range between 0 (unsuitable) and 1 (the most 

suitable). SDM were calculated, tuned and evaluated following the procedure described in 

Appendix S1. We made the transfer of a single ecological niche model per species tuned 

onto current climate and they were transferred back to MH (6 ka) and LIG (120-140 ka). 

The parameters, variables and results of the metrics of evaluation of the SDM are described 

in Appendix S2 (Supporting Information).   
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Potential areas of endemism (current and past)  

We summed binary maps of the endemic species to obtain dynamic structure for each area 

of endemism for the three periods (C, MH, LIG; Gámez et al., 2014). We selected only the 

pixels where two or more species coincided. The size of each potential area of endemism 

was calculated for the three periods considering the spatial resolution of the bioclimatic 

variables (1 pixel ~1 km). Because we were interested in analyzing the dynamism of the 

potential areas of endemism, we represented the tendencies of the sizes in barplots. Then, 

we evaluated the relationships among the current size and the past sizes of the potential 

areas of endemism, applying a Kendall's rank correlation (tau; p-value <0.5) to the log-

transformed sizes of the potential areas of endemism.     

 Later, the potential areas of endemism of different periods were summed to obtain 

hypothetical multitemporal areas of endemism (HAE). We obtained seven different 

possible values based on the current period: Gain current (G-C); Loss (L-MH); Conserved 

(C+MH); Loss (L-LIG); Conserved (C+LIG); Loss (L-MH+LIG); and Conserved 

(C+HM+LIG). For example, if a C potential area of endemism is added to its equivalent in 

the MH, the resulting HAE correspondes to C+MH, which represents potential persistence 

of the area of endemism in both periods. We calculated the percentage of change in the 

sizes of areas of endemism relative to the current, and they were represented in a barplot to 

describe the dynamism of the areas of endemism. 

Spatial dynamism of the areas of endemism and associated historical and ecological 

factors 

We used two set of variables: one describing the dynamism (change) in the size of the areas 

of endemism (GC, L-MH, C+MH, L-LIG, C+LIG, L-MH+LIG and C+HM+LIG), 

quantified in number of pixels by the pixel size (~ 1km2). The other set was used to 
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describe the historical and ecological factors that can modify the areas of endemism: (1) 

number of endemic species of the current areas of endemism (C-sps); (2) size of the area 

composed by the maximum number of species into the current areas of endemism (C-Size-

MaxSp); (3) number of species in the MH areas of endemism (MH-sp); (4) size of the area 

composed by the maximum number of species into the MH areas of endemism (MH-

SizeMaxSp); (5) number of species in the LIG areas of endemism (LIG-sp); (6) size of the 

area composed by the maximum number of species into the LIG areas of endemism (LIG-

SizeMaxSp); (7) number of orders in the current areas of endemism (Order-C); (8) Faith’s 

index of phylogenetic diversity (Faith, 1992) of the current areas of endemism (PD); (9) 

minimal age of the endemic species in the current area of endemism (MinAge); and (10) 

maximal age of the endemic species in the current area of endemism (MaxAge). We 

evaluated normality of the two sets of variables using density plots. Some variables were 

not normal; therefore, we applied the square root transformation to the full set of variables 

(Sokal & Rohlf, 1981). Then, we tested the relationship between a linear combination of 

the dynamism of the size and a linear combination of historical and ecological factors using 

a Canonical Correlation Analysis (CCoAr; 999 permutations; Hotelling, 1936; Legendre & 

Legendre, 1998).  

 Canonical Correspondence Analysis (CCA) integrates ordination and multiple 

regression techniques (Legendre & Legendre, 1998). CCA explains variation in a set of 

variables by detecting a linear combination in a second set of environmental variables (ter 

Braak, 1986), without considering a priori knowledge about potential predictor variables 

(Boren, Engle, Palmer, Masters & Criner, 1999). We evaluated the relationship between 

dynamism in the areas of endemism and size of the current areas of endemism, due to the 

variation of the historical and ecological factors using a CCA (Borcard, Gillet & Legendre, 
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2011; Legendre & Legendre, 1998; ter Braak, 1986), and calculated a forward selection of 

explanatory variables (p-value<0.5). Previously, we tested the multicollinearity (VIF<10; 

Zuur, Leno & Elphick, 2010) in both set of variables. The descriptors of size had low 

collinearity, but C-sps (r=1) and LIG-sp (r=0.98; second set) were excluded because they 

are correlated with MH-sp. Finally, we explored the tendencies of the phylogenetic 

structure of the endemic species in the areas of endemism to evaluate phylogenetic 

associations among their endemic mammals, estimating the nearest taxon index (NTI; 

Webb, 2000). NTI considers the branch length separating each species from its nearest 

relative (Swenson, 2014; Webb, Ackerly, McPeek & Donoghue, 2002) and reflects 

structure at the tips of the phylogeny (Webb et al., 2002; Cardillo, 2011). Positive values of 

NTI (p-value <0.05) indicate increase of clustering and become negative (p-value >0.95) 

with overdispersion (Cardillo, 2011;  Swenson, 2014; Webb, 2000; Webb et al., 2002). PD 

and NTI (null model: taxa labels; runs: 999) were performed in the Picante library (Kembel 

et al., 2010) for R (R Core Team, 2016), using the entire phylogeny of mammals by Fritz, 

Bininda-Emonds, & Purvis (2009).  All statistics and geographic analyses were performed 

in QGIS (QGIS Development Team, 2016.) and R Cran (R Core Team, 2016) using basic 

functions, the Dismo (Hijmans et al., 2016), Picante (Kembel et al., 2010), rgdal (Bivand, 

Keitt & Rowlingson, 2016) and vegan (Oksanen et al., 2016) packages.  

 

RESULTS 

Areas of endemism, endemic species and ecological niche modelling 

We obtained distributional records from 116 endemic species of mammals, 42 of which 

were rejected because of the bad performance of their ENM (jackknife test p-value>0.05; 

or ROC Partial p>0.05). The list of species, records, number of replicates, variables, and 
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parameters used to build ENMs, as well the results of modelling performance, are given in 

Appendix S2 (Supporting Information). After the evaluation process, we retained 74 

endemic species that supported 18 areas of endemism (Table1, Appendix S3: Figures S1–

S18) representing eight orders (Carnivora=1 species; Cetartiodactyla=1; Chiroptera=8; 

Didelphimorphia=4; Lagomorpha=1; Paucituberculata=1; Primates=7; Rodentia=51). Most 

endemic especies were bats and rodents. We obtained 222 maps that represent the potential 

areas of endemism in the current and past (MH, LIG) scenarios and 18 maps that represent 

the hypothetical dynamism of the areas of endemism (Appendix S4 Figures S1–S18).  

Potential areas of endemism (current and past)  

We found that the size of the potential areas of endemism changed over time (Fig. 1; 

Appendix S4 Figures S1–S18), with the smallest areas of endemism from the present and 

the MH. Additionally, there was a significant positive relationship among the sizes of the 

current and past areas of endemism (C/MH, tau=0.6, T= 125, p-value= 0.0001048; C/LIG, 

tau=0.4, T= 110, p-value= 0.01087; MH/LIG, tau=0.5, T= 116, p-value= 0.002244; Fig. 2).  

The dynamism of the hypothetical areas of endemism showed that nine of them had a major 

loss of area from the LIG to present (Fig. 1); while the remaing areas (nine) showed their 

main loss of area from the HM to present (Fig. 3). The persistence of conserved areas was 

variable among the areas of endemism (Media=50%), ranging from 0.14% (Madeira and 

Rondônia provinces) to 90% (Southern Puna province; Fig. 3). The Madeira and Rondônia 

provinces lost the majority of their areas (382%), but gained 58%; the mean gain was 

14.8%.  The complete sets of factors included are in Appendix S5 (Supporting 

Information). 

Spatial dynamism of the areas of endemism and historical and ecological factors 

associated 
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The canonical correlations were high on the first two axes (CanAxis1=0.99; 

CanAxis2=0.98; RDA R2=0.64; RDA R2=0.56), and showed that there were positive 

tendencies in the relationship between the dynamism of the areas of endemism and the 

historical and ecological factors (permutational probability = 0.001). The correlations 

between each of the variables and their respective canonical variates showed that the 

minimal age of the areas of endemism and the number of species in the MH were positively 

correlated with three types of changes in the size of the areas of endemism: loss of area 

since the MH and LIG, area conserved since the MH and the size of the current area (Fig. 

4). Additionally, the area occupied by the maximum number of species in the three periods 

and the phylogenetic diversity were positively correlated with the size of area conserved 

since the HM and LIG and the area conserved since the LIG. Individually, minimal age of 

the endemic species in the current area of endemism was negatively correlated with the 

number of orders in the current areas of endemism. These results are congruent with a 

general positive relationship, except for the negative correlation of maximal age of the 

endemic species in the current area of endemism.  

 The CCA showed a strong influence of historical and ecological factors on the 

dynamism of the areas of endemism (Total inertia=4.151), explaining 70% of the variation 

(Table 2). The first two canonical axis were significant (CCA1 pseudo-F= 11.82, p-value= 

0.002; CCA2 pseudo-F= 6.71; p-value=0.01), and they explained 73% of the variation 

(Table 2). There were three well-defined groups of areas of endemism; one of them linked 

to high Order-C, PD and MH-sp and included the Magellanic forest province, Parana 

dominion and Northern Mexican transition zone). The second group was linked to MH-

SizeMaxSp and LIG-SizeMaxSp and contained the Southern Puna province, Northwestern 

Chacoan subregion, Madeira and Rondônia provinces. Finally, the third was related to 
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MaxAge and included Central Chilean subregion, North Andes, Western Brazilian 

subregion, Western Mexican transition zone, Pacific Lowlands and Balsas Basin provinces 

and Northern Mexico (Fig. 5a); indicating distinctiveness of the areas of endemism due to 

their size, age and number of species. The remaining areas of endemism were distributed 

among undefined factors (Fig. 5a).  

The most important explanatory variables in the CCA were two: the number of 

orders and phylogenetic diversity. The number of orders (Order-C, pseudo-F= 3.89, p-

value= 0.02; Fig. 5b) had a positive tendency in a set of 11 areas of endemism 

(Northwestern Chacoan subregion, Central Chilean subregion and Maule province, Puna 

province, Atacama Desert, Puna and Yungas provinces, Madeira and Rondônia provinces, 

Magellanic forest province, Parana dominion, Pacific Lowlands and Balsas Basin 

provinces, Northern Mexican transition zone, Central Mexico, Western Mexican transition 

zone). Phylogenetic diversity (PD; pseudo-F= 3.36, p-value= 0.02; Fig. 5) had a positive 

tendency in a set of ten areas of endemism (Atacama, Desert, Puna and Yungas provinces, 

Central Chilean subregion, Southern Puna province, Magellanic forest province, 

Northwestern Chacoan subregion, Parana dominion, Western Brazilian subregion, Northern 

Mesoamerican dominion, Western Mexican transition zone and Mexican transition zone; 

Fig. 5b; Table 3). A stronger relationship beetwen PD and number of orders and loss of 

area since the MH was detected (Fig. 5b). In addition, NTI showed two areas of endemism 

with phylogenetic clustering: the Magellanic forest province (Magellanic forest province; 

NTIcalculated= -0.27; p-value=0.428) and the Southern Puna province (Southern Puna 

province; NTIcalculated= -3.08; p-value=0.006; Table 4). The other areas of endemism did not 

show any phylogenetic pattern.  
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DISCUSSION 

The projection of the current ENM onto past climate indicated that the shape and 

composition of the areas of endemism are affected by changes to climatic regimes. The 

observed dynamism of the areas of endemism is a consequence of the modifications of the 

distributional areas, since climatic regimes influence the species' distributions and 

population dynamics (Walther et al., 2002). It has been suggested that communities of 

mammals vary in species composition over time (Pleistocene and Holocene), but they 

remain organized into similar biogeographic patterns (faunal provinces, Graham et al., 

1996). Our results support the observations made by Anderson (1994) that the number of 

endemic species and shape of areas of endemism may change due to the expansion and 

contraction of the distributional area of one or more endemic species. In other cases, the 

area of endemism may disappear due to the extinction of one or more endemic species. 

Therefore, the variation in size of areas of endemism suggests that the contractions and 

expansions of the distributional areas have played a predominant role in their structure 

(Murray & Crother, 2016).  

During MH and LIG, landscapes and climates were different from the present day. 

MH climatic conditions in tropical South America were considerably warmer and probably 

wetter than today (De Vivo & Carmignotto, 2004), causing reduction, expansion and 

fragmentation of distributional areas of some Neotropical mammals. For example, some 

species of rodents that had a wider distribution in open habitats and which survived in 

savanna are currently present as disjunct populations that inhabit the northern and central 

South American savannas (Nuñez, Grosjean, & Cartajena, 2001). Another case is the rodent 

Scapteromys aquaticus Thomas 1920, which at present inhabits drainage basins in the 

Chaco province, but their past distribution included the fluvial beds between the Guerrero 
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and Río Salado in the central Buenos Aires Province (Tonni, Cione, & Figini, 1999). On 

the other hand, four areas endemism of Neotropical region (Madeira and Rondônia 

provinces, Northwestern Chacoan subregion, Southern Puna province, Puna province) and 

two areas of the Andean region (Magellanic forest province, Central Chilean subregion) 

expanded their size in the LIG, and therefore their endemic mammals expanded their 

distributional areas. This result partially agrees with the expansion of tropical forest in 

South America during the LIG (Leite et al., 2016).   

We found that the size of the current areas of endemism is positively correlated with 

the size of the areas of endemism in the past (Fig. 2). This tendency may indicate that the 

climatic regimes and physical geography have periods of stability, that contribute to 

maintaining the size of the areas of endemism at several biogeographical scales. However, 

small distributional areas indicate habitat specificity (Purvis, Gittleman, Cowlishaw & 

Mace, 2000) that affect the ability of the endemic species to disperse over environmental 

heterogeneous areas. Consequently, small areas of endemism have remained small, while 

the currently large areas of endemism were large too in the past. Even when each species 

seems to be differentially influenced by climatic variations (Gilman, Urban, Tewksbury, 

Gilchrist & Holt, 2010; Graham et al., 1996), the endemic species appear to be affected as a 

group in each area of endemism. As has been suggested (Pinilla-Buitrago et al., 2018), our 

results demonstrated that areas of endemism persist over time, but their persistence varies 

substantially from area to area (Fig. 3) because climatic regimes induce modifications in the 

species distributional areas (Gaston, 2003). Changes in distribution are often asymmetrical 

among lineages, with some species spreading faster than others (Walther et al., 2002), 

affecting the species composition of the areas of endemism (Aguado-Bautista & Escalante, 

2015; Gámez et al., 2014).  
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The relationship between dynamism of the areas of endemism and historical and 

ecological factors does not appear to be a simple one. The younger areas of endemism with 

lower number of species have lost less area since the MH, and are smaller in the present 

(Fig. 4); while the older ones, with a higher number of species in the MH, showed an 

increase in the two variables. Willis (1922) proposed a positive relationship between 

evolutionary age and the size of distributional areas of the species to explain the temporal 

dynamics of the distributional areas. The existence of a correlation between age and size in 

the areas of endemism suggests that they maintain a signal that at least partly reflects the 

transformation of the distributional areas of the endemic species. One explanation is that in 

the case of Neotropical mammals, younger species tend to have small areas of endemism 

with minor changes in the size because of their habitat specificity (Purvis et al., 2000). By 

contrast, older species that have defined to large areas of endemism for a long time may be 

able to overcome geographical and ecological barriers, thus extending and contracting their 

distributional area in a cycle as suggested by Ricklefs & Cox (1972). 

The positive relationship among maximum number of species, phylogenetic 

diversity and the size of area conserved since the past (LIG and HM, Fig.4), could indicate 

that the number of endemic species constrains the changes in the size of the areas of 

endemism. Thus, larger areas of endemism resulted from the integration of a large number 

of endemic species, and consequently, they are more susceptible to decrease in the size by 

the effects of the climatic changes than smaller ones. Groups of areas of endemism do not 

show any clear geographical organization in relation to the explanatory variables in the 

CCA (Fig. 5). However, the distinctiveness of the areas of endemism due to their size, age 

and number of species, could indicate that each one is affected by different factors, no 

matter its geographical position.  
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The PD and the number of orders affect the size of the areas of endemism.  This is 

consistent with the dependence of the size of the areas of endemism on the number of 

species that comprise them (Fig. 4). Our results suggest that the species composition, the 

age of the endemic species condensed in the PD and the number of orders have a strong 

signal in the assemblages of the endemic species. For example, the PD of the Parana 

dominion shows a strong relationship with the number of species and the number of orders 

(Fig. 5), while the Central Chilean subregion and Maule province show the lowest values in 

number of orders and species. This pattern can be attributed to a general relationship 

between PD and number of species (Swenson, 2014). Orders, families and genera suggest 

common ancestry and therefore phylogenetic relationships, which are supported by intrinsic 

traits inherited by each species (Davidson et al., 2012). Therefore, the relationship among 

the size of the areas of endemism and the number of orders may reflect the contrasting traits 

among endemic species groups, different adaptations to dispersal and climatic conditions. 

Moreover, the range in the number of orders in the areas of endemism (1 to 3 orders) offers 

evidence that the endemic species have several evolutionary histories as suggested by 

Noguera-Urbano (2016), who mentioned that some areas of endemism are integrated by 

endemic species that speciated in different time spans.  

Cracraft (1985) suggested that the species that integrate areas of endemism possess 

distant phylogenetic relationships; this idea applies to most of the areas of endemism here 

analyzed, because 16 of them are not covered by any phylogenetic pattern. Two areas of 

endemism were an exception to that idea, however. First, we have a strong pattern 

describing the Southern Puna province supported by 12 rodent species (Abrocoma cinerea, 

Akodon albiventer, Akodon lutescens, Andinomys edax, Auliscomys sublimis, Calomys 

boliviae, Ctenomys opimus, Eligmodontia puerulus, Octodontomys gliroides, Oxymycterus 
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paramensis, Phyllotis osilae and Rhipidomys austrinus), which have evolved in the tropics 

of South America (Schenk, Rowe & Steppan, 2013). Second, there is a weak pattern 

describing the Magellanic forest province, because it is supported by only three species, 

two of which are bats (Lasiurus varius and Myotis chiloensis), while the other species is a 

rodent (Abrothrix longipilis). This shows that the phylogenetic pattern of the Magellanic 

forest province is supported by bats. The ages of the clades and their relationship with other 

sister groups determine the phylogenetic structure of the assemblages (Cardillo, 2011; 

Procheş, Wilson & Cowling, 2006; Rabosky, 2009). Moreover, some similar biological 

traits related to species’ habitat use, mobility or diet are associated with the phylogenetic 

structure of species (Barnagaud et al., 2014). Therefore, the phylogenetic clustering showed 

by the Magellanic forest province and the Southern Puna province indicate that their 

endemic species are highly related and share some biological traits.  

Concluding remarks 

Similar responses by each of the endemic species to climatic variations could promote the 

apareance of areas of endemism over ecological time. However, our results support the first 

hypothesis that the areas of endemism are historical units which have persisted since the 

LIG and MH. Our analyses could not distinguish whether current species distribution 

models reflect the past distribution of the endemic species or not; however, fossil evidence 

support the idea that biogeographic patterns persist over time (Graham et al., 1996). Further 

evidence is needed from other biological groups to determine the proposed dynamism of 

areas of endemism here described and to generalize the relationships among dynamism and 

historical-ecological factors. In addition to the interest in historical and ecological drivers 

of areas of endemism in Neotropical region given their status as biodiversity hotspots, our 

analyses offer potential insights into the persistence and dynamism of the areas of 
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endemism in a general context. It is possible that populations of the endemic species 

persist, migrate and other go extinct, modifying the areas of endemism over time; as a 

consequence, areas of endemism may be governed by population dynamics (Murray & 

Crother, 2016). This supports our second hypothesis, that spatial congruence of the 

endemic species can be affected by climatic variations, and although they change on short 

time scales (i.e. ecological time scale), areas of endemism are biogeographical units that 

have evolved because of the evolution of their endemic species (geological time scale). 

Changes in mammal areas of endemism were tested against the direct effects of climate. 

However, other factors like biological interactions, geographic dispersion and population 

dynamism could also have played an important role. Thus, future analyses could give some 

insights on the potential relationships among endemic species and their requirements, in 

addition to individual ENMs. It is possible that the PD and the number of orders represents 

biological differences among endemic species that may be important determinants of 

dynamism of the areas of endemism, although this needs to be tested, given the absence of 

functional variables in our analysis. The absence of phylogenetic patterns in most of them 

indicate that the endemic species compose multitemporal strata and multiple histories of 

integration (lineages) in the areas of endemism (Noguera-Urbano, 2016). 
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Figures 
 
Figure 1. Variation of the size of the potential areas of endemism (Ae) in three temporal 

sceneries of climatic variation in order by size. Northern Mesoamerican dominion (Ae10); 

Pacific Lowlands and Balsas Basin provinces (Ae84); Madeira and Rondônia provinces 

(Ae91); Northern Andes (AET125); Atacama, Desert, Puna and Yungas provinces (Ae93); 

Northern Mexican transition zone (Ae14); Western Brazilian subregion (Ae19); 

Northwestern Chacoan subregion (Ae32); Parana dominion (Ae34); Magellanic forest 

province (Ae97); Central Chilean subregion (Ae98); Central Chilean subregion and Maule 

province (Ae99); Mesoamerican dominion (Ae20); Western Mexican transition zone 

(Ae22); Northern Mexico (AET41); Central Mexico (AET43); Southern Puna province 

(Ae59); and Puna province (Ae60). 

 

Figure 2. Tendencies of the changes in size of the potential areas of endemism (Ae) in 

three temporal sceneries of climatic variation. C= current, MH= Mid Holocene, LIG= Last 

interglacial. Northern Mesoamerican dominion (Ae10); Pacific Lowlands and Balsas Basin 

provinces (Ae84); Madeira and Rondônia provinces (Ae91); North Andes (AET125); 

Atacama, Desert, Puna and Yungas provinces (Ae93); Northern Mexican transition zone 

(Ae14); Western Brazilian subregion (Ae19); Northwestern Chacoan subregion (Ae32); 

Parana dominion (Ae34); Magellanic forest province (Ae97); Central Chilean subregion 

(Ae98); Central Chilean subregion and Maule province (Ae99); Mesoamerican dominion 

(Ae20); Western Mexican transition zone (Ae22); Northern Mexico (AET41); Central 

Mexico (AET43); Southern Puna province (Ae59); and Puna province (Ae60). 
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Figure 3. Changes in size of the potential areas of endemism (Ae) in three temporal 

sceneries of climatic variation. C= current, MH= Mid Holocene, LIG= Last interglacial. 

Northern Mesoamerican dominion (Ae10); Pacific Lowlands and Balsas Basin provinces 

(Ae84); Madeira and Rondônia provinces (Ae91); Northern Andes (AET125); Atacama, 

Desert, Puna and Yungas provinces (Ae93); Northern Mexican transition zone (Ae14); 

Western Brazilian subregion (Ae19); Northwestern Chacoan subregion (Ae32); Parana 

dominion (Ae34); Magellanic forest province (Ae97); Central Chilean subregion (Ae98); 

Central Chilean subregion and Maule province (Ae99); Mesoamerican dominion (Ae20); 

Western Mexican transition zone (Ae22); Northern Mexico (AET41); Central Mexico 

(AET43); Southern Puna province (Ae59); Puna province (Ae60). 

 

Figure 4. Biplots of a canonical correlation analysis (CCorA) of the dynamism (a) and 

evolutionary and ecological factors (b) of the areas of endemism of Neotropical mammals. 

Size of the area composed by the maximum number of species into the current areas of 

endemism (C-Size-MaxSp); size of the area composed by the maximum number of species 

into the MH areas of endemism (MH-SizeMaxSp); size of the area composed by the 

maximum number of species into the LIG areas of endemism (LIG-SizeMaxSp); number of 

orders in the current areas of endemism (Order-C); Faith’s index of phylogenetic diversity 

of the current areas of endemism (PD); minimal age of the endemic species in the current 

area of endemism (MinAge); and maximal age of the endemic species in the current area of 

endemism (MaxAge). 

 

Figure 5. Biplot of CCA. (a) Plot with fitted areas of endemism scores, the numbers 

represent the areas of endemism. (b) Plot with fitted variable scores of dynamisms. Size of 
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the area composed by the maximum number of species into the current areas of endemism 

(C-Size-MaxSp); size of the area composed by the maximum number of species into the 

MH areas of endemism (MH-SizeMaxSp); size of the area composed by the maximum 

number of species into the LIG areas of endemism (LIG-SizeMaxSp); number of orders in 

the current areas of endemism (Order-C); Faith’s index of phylogenetic diversity (Faith, 

1992) of the current areas of endemism (PD); minimal age of the endemic species in the 

current area of endemism (MinAge); and maximal age of the endemic species in the current 

area of endemism (MaxAge).  
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Tables 
 
Table 1. Neotropical areas of endemism (Ae) analyzed. AET= Area of endemism in 
transitional zones. Codes and names after Noguera-Urbano and Escalante (2015). Nes= 
Number of endemic especies. 
  
Code  Ae  Nes 
Ae10 Northern Mesoamerican dominion 2 
Ae91 Madeira and Rondônia provinces 2 
Ae98 Central Chilean subregion 2 
Ae99 Central Chilean subregion and Maule province 2 
Ae22 Western Mexican transition zone 2 
Ae93 Atacama, Desert, Puna and Yungas provinces 3 
Ae32 Northwestern Chacoan subregion 3 
Ae97 Magellanic forest province 3 
Ae84 Pacific Lowlands and Balsas Basin provinces 4 
AET125 North Andes 4 
Ae19 Western Brazilian subregion 4 
AET41 Northern Mexico 4 
AET43 Central Mexico 4 
Ae60 Puna province 4 
Ae14 Northern Mexican transition zone 5 
Ae20 Mesoamerican dominion 6 
Ae34 Parana dominion 8 
Ae59 Southern Puna province 12 
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Table 2. Summary of statistics for canonical correspondence analysis of dynamism and 

evolutionary and ecological factors of the areas of endemism of Neotropical mammals. 

CCA= Canonical Component Axis. 

            CCA1           CCA2 
Eigenvalue 0.21 0.12 
% Proportion Explained 47 27 
% Cumulative Proportion 47 74 
Site constraints (linear combinations of constraining variables) 
Northern Mesoamerican dominion (Ae10) -1.03 -0.31 
Pacific Lowlands and Balsas Basin provinces (Ae84) -1.32 0.41 
Madeira and Rondônia provinces (Ae91) 0.91 -1.96 
North Andes (AET125) -1.40 0.75 
Atacama, Desert, Puna and Yungas provinces (Ae93) -0.04 0.54 
Northern Mexican transition zone (Ae14) 0.91 0.57 
Western Brazilian subregion (Ae19) -1.07 0.16 
Northwestern Chacoan subregion (Ae32) 0.25 -1.06 
Parana dominion (Ae34) 1.37 1.54 
Magellanic forest province (Ae97) 0.24 0.61 
Central Chilean subregion (Ae98) -0.57 0.14 
Central Chilean subregion and Maule province (Ae99) -1.27 -0.06 
Mesoamerican dominion (Ae20) 0.00 0.05 
Western Mexican transition zone (Ae22) -0.89 0.78 
Northern Mexico (AET41) -1.98 0.54 
Central Mexico (AET43) -1.68 -0.01 
Southern Puna province (Ae59) 0.36 -1.09 
Puna province (Ae60) 0.16 -0.12 
Scores for constraining variables 
C-Size-MaxSp -0.21 -0.06 
MH-sp 0.40 0.12 
MH-SizeMaxSp 0.07 -0.55 
LIG-SizeMaxSp 0.14 -0.43 
Order-C 0.48 0.80 
PD 0.54 0.44 
MinAge -0.18 -0.04 
MaxAge -0.30 0.18 
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Table 3. Summary of statistics of a forward selection of explanatory variables. AIC= 

Akaike criterion. *Significant explanatory variables in the Canonical Correspondence 

Analysis. Number of orders in the current areas of endemism (Order-C); Faith’s index of 

phylogenetic diversity (Faith, 1992) of the current areas of endemism (PD); number of 

species in the MH areas of endemism (MH-sp); size of the area composed by the maximum 

number of species into the LIG areas of endemism (LIG-SizeMaxSp); size of the area 

composed by the maximum number of species into the MH areas of endemism (MH-

SizeMaxSp); maximal age of the endemic species in the current area of endemism 

(MaxAge); size of the area composed by the maximum number of species into the current 

areas of endemism (C-Size-MaxSp) and minimal age of the endemic species in the current 

area of endemism (MinAge). 

Variable Df AIC False-F p-value 
Order-C 1 259.16 3.8957 0.02* 
PD 1 259.65 3.3645 0.025* 
MH-sp 1 260.8 2.1631 0.245 
LIG-SizeMaxSp 1 261.51 1.4649 0.455 
MH-SizeMaxSp 1 261.69 1.2925 0.555 
MaxAge 1 261.75 1.2316 0.555 
C-Size-MaxSp 1 261.88 1.1056 0.595 
MinAge 1 262.81 0.2488 0.970 
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Table 4. The nearest taxon index (NTI) values of the 18 Neotropical areas of endemism of 

mammals. Phylogenetic clustering is indicated with an asterisk (*). 

Names  Observed Calculated p-value 
North Andes (AET125) 209.63 1.01 0.80 
Pacific Lowlands and Balsas Basin provinces (Ae84) 123.17 -0.90 0.19 
Puna province (Ae60) 95.13 -1.56 0.06 
Northern Mesoamerican dominion (Ae10) 120.80 -0.53 0.26 
Central Chilean subregion (Ae98) 192.40 0.41 0.79 
Central Chilean subregion and Maule province (Ae99) 32.60 -1.69 0.09 
Magellanic forest province (Ae97) 145.53 -0.27 0.428* 
Atacama, Desert, Puna and Yungas provinces (Ae93) 139.13 -0.38 0.37 
Madeira and Rondônia provinces (Ae91) 47.20 -1.53 0.15 
Central Mexico (AET43) 137.07 -0.52 0.26 
Northern Mexican transition zone (Ae14) 222.80 1.46 0.93 
Mesoamerican dominion (Ae20) 171.48 0.21 0.61 
Northern Mexico (AET41) 118.47 -0.98 0.17 
Parana dominion (Ae34) 167.54 0.14 0.56 
Western Mexican transition zone (Ae22) 171.20 0.09 0.49 
Northwestern Chacoan subregion (Ae32) 140.07 -0.42 0.36 
Southern Puna province (Ae59) 88.89 -3.08 0.006* 
Western Brazilian subregion (Ae19) 45.07 -2.62 0.02 
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SUPPORTING INFORMATION 

 

Dynamism of the areas of endemism of Neotropical mammals: differential effects of 

evolutionary and ecological factors 

 

Appendix S1 Methods used to estimate the species distribution models (SDM) of each 

endemic species assessed 

Supplementary Information 

MATERIALS AND METHODS 

The study region (M) or area of accessibility has important implications for all aspects of 

species distribution modelling (e.g. model training, model validation and model 

comparisons; Soberón, 2010; Barve et al., 2011). The boundaries of M must be carefully 

assessed, since it represents the geographic area that species have been able to reach during 

a relevant period of time (Soberón, 2010; Barve et al., 2011), and must be informative about 

the dispersal barriers that have constrained the species’ distribution (Barve et al., 2011). 

Therefore, we estimated current M for each species following an operational approach 

(Soberón, 2010; Tocchio et al., 2015), which involved first selecting the watersheds that 

overlap with at least one record of the species, and then broaden its size with the addition of 

adjoining river basins.  We think that this procedure enables including landscape that has 

been “tested” by the species, but has not been occupied (Barve et al., 2011). Occurrence 

records of the species were thus overlapped in a watersheds shapefile (HydroSHEDS 

database lev 5; Lehner & Grill, 2013; available at http://www.hydrosheds.org/) to produce 

an M for each species, using QGIS (QGIS Development Team, 2015). The Neotropical 

watersheds represent current distributional barriers, and they are implicated in speciation and 
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vicariant events of mammals (e.g. Patterson et al., 2012; Giarla & Jansa, 2014; Kay, 2015). 

We defined five large zones to allow model back-projection (MH and LIG) using target-

groups of species with close M. They represent potential back conditions and reflect the 

dispersal ability of the grouping species. For each species, we calculated the variance 

inflation factor (VIF) in the R package HH (Richard, 2016), to identify multicollinearity of 

the original 19 variables, and exclude correlated variables from the model formulation 

considering the “rule of thumb” of VIF > 10 (Zuur et al., 2010). 

Species distribution models were built using Maxent (Phillips et al. 2006, 2008) as 

implemented by the ‘dismo’ package (Hijmans et al., 2017; R version 3.3.2; R Core Team 

2016) using random seed. Logistic output format was used to describe the probability of 

presence (Phillips & Dudík, 2008), which is a continuous habitat suitability range between 0 

(unsuitable) and 1 (the most suitable). The performance of SDM is affected when using 

datasets with few occurrence records (Pearson et al., 2007; Shcheglovitova & Anderson, 

2013); the model accuracy decreases, and model variability increases with decreasing 

occurrence records (Wisz et al., 2008). Hence, we followed two approaches to produce 

models that maximize the utility of the information available:  

(1) The delete-one jackknife approach by Pearson et al. (2007; called “n − 1 

jackknife”) was applied to species with few records (9 to 25). We made multiple predictions 

per species with one of the records excluded in each case, and then assessed the model’s 

performance testing the ability of the model to predict the excluded locality under a statistical 

significance (Pearson et al., 2007). We applied the other Maxent settings by default and chose 

the lowest predicted value (lowest presence threshold, LPT) associated with any one of the 

observed presence records to test the models (Pearson et al., 2007; P < 0.05). We made the 
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transfer of a single ecological niche model per species onto current climate and past climate 

conditions, using its complete records and reporting its statistical significance.  

(2)  For species with large number of records (26 or more) we retained 75% of the 

records to train the model and 25% to evaluate the predictive power of the model. We used 

a model selection procedure to tune the β multiplier (regularization parameter) and features 

selection to reduce the complexity of the models (Anderson & González, 2011; Warren & 

Seifert, 2011; Shcheglovitova & Anderson, 2013) using the the ‘ENMeval’ package 

(Muscarella et al., 2014; R version 3.3.2; R Core Team 2016). The regularization multiplier 

varied from 0.5 to 4.0 in increments of 0.5, and the following four feature classes (or their 

combinations) were tested: (1) linear; (2) linear and quadratic; (3) hinge; and (4) linear, 

quadratic, and hinge. Model performance was assessed using the Akaike Information 

Criterion corrected for small sample sizes (AICc; Warren & Seifert 2011). The result of this 

process was a single ecological niche model for each species with its own β value and 

features.  

We tested the predictive power of the models using partial Receiver Operator 

Characteristic (partial ROC) approaches, which avoids at least some of the failings associated 

with traditional ROC analyses (Peterson et al., 2008). We used an acceptable omission error 

threshold of E = 10 (Peterson et al., 2008), and 1000 replicate with 50% bootstrap resampling 

to establish whether the ROC AUC (area under the curve) ratio was above 1.0. These tests 

were run using online tools available at Conabio (year; 

http://shiny.conabio.gob.mx:3838/nichetoolb2/). Significance of partial ROCs was assessed 

by direct count of the proportion of replicate analyses with an AUC ratio ≤1.0. We transferred 

the current ecological niche model for each species onto past climate conditions using the β 

multiplier (regularization parameter) and features tuned. 
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Threshold is an important step to obtain SDM since a fixed threshold to transform 

model output (logistic values to binary) will exaggerate prediction errors (Fielding & Bell, 

1997). Therefore, we applied two thresholds:  

(1) Lowest presence threshold (LPT) was applied to species with few records (< 25). 

It represents the lowest value of the prediction for any of the pixels that correspond to the 

localities used in calibrating the model (Pearson et al., 2007); this case excluded the 

consideration of mistakes in the records.  

(2) Omission error threshold of E = 10 (Peterson et al., 2008) was applied to species 

with a large number of records (26 or more). E = 10, represents 10% of the records that can 

be misleading. When the number of records increases, the error in the available data may also 

increase, thus the E= 10 is useful to reduce error acceptable in the model (Peterson et al., 

2008).  

When transferring models, some zones of extrapolation may be encountered. To 

identify these regions, we used multivariate environmental similarity surfaces (MESS) and 

the most dissimilar variable (MoD; Elith et al., 2010) outputs generated by Maxent software. 

Areas identified as extrapolative were removed from analyses to avoid interpreting results 

outside of known climatic response conditions for the endemic species.   
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Appendix S2. Summary of the data and parameters used in the ecological niche modelling process. Code= number of the area of 

endemism by Noguera-Urbano and Escalante (2015), Name= name of the area of endemism by Noguera-Urbano and Escalante 

(2015); Endemic species= species for which the ENM was obtained; TR= number of total records; N° RT10= number of 

records after filter the records at 10km (Thin10 km); Bio= number (code following Worldclim) of the bioclimatic variables 

selected after running the Variance Inflation Factor (VIF<10); Evaluation= type of metric used to evaluate the models; P-

value= probability for the metrics used in the evaluation of the models;  Concl= Conclusion (p>0.05) about the ENM, 

Accepted= accepted and analyzed species; and TH=Threshold used to reclassify the logistic models to binary maps.  
Code Name Endemic species TR N° RT10 Bio  Evaluation P-value Concl  TH 

Ae10 

Northern 

Mesoamerican 

dominion 

Artibeus hirsutus 121 68 12, 14, 15, 18, 19, 2, 3, 9 Partial ROC 0 Accepted 0.278586 

Natalus lanatus 22 21 10, 14, 15, 16, 18, 19, 2, 3 

n − 1 

jackknife 0.000001 Accepted 0.232 

Ae14 

Northern 

South 

American 

transition zone 

Cuniculus taczanowskii 39 33 15, 18, 19, 2, 3, 4, 8 Partial ROC 0 Accepted 0.413781 

Didelphis pernigra 66 63 

13, 14, 15, 18, 19, 2, 3, 4, 

8 Partial ROC 0 Accepted 0.234624 

Marmosops impavidus 55 50 15, 16, 18, 19, 2, 3, 4, 8 Partial ROC 0.008 Accepted 0.266968 

Monodelphis adusta 32 28 13, 15, 18, 19, 2, 3, 4, 8 Partial ROC 0 Accepted 0.365916 

Thomasomys aureus 82 57 13, 15, 18, 19, 2, 3, 4, 8 Partial ROC 0 Accepted 0.400916 

Ae19 

Western 

Brazilian 

subregion 

Aotus nancymaae 5 5 13, 19, 3, 4, 7, 8, 9 

n − 1 

jackknife 0.075605 Excluded 
 

Cacajao calvus 25 20 13, 14, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.03414 Accepted 0.066 

Callicebus cupreus 41 29 13, 18, 19, 2, 3, 4, 8 Partial ROC 0 Accepted 0.42349 
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Callicebus regulus 9 9 13, 14, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.008842 

Excluded by 

overprediction 

Lagothrix poeppigii 20 17 13, 15, 18, 2, 4, 8, 9 

n − 1 

jackknife 0.047879 Accepted 0.338 

Neacomys minutus 10 10 10, 13, 18, 19, 2, 3, 8 

n − 1 

jackknife 0.677937 Excluded 
 

Philander mcilhennyi 12 10 13, 15, 18, 2, 3, 8 

n − 1 

jackknife 0.096089 Excluded 
 

Saguinus mystax 28 15 13, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.023133 Accepted 0.284 

Ae31 

Brazilian 

Boreal 

Dominion 

Lophostoma schulzi 7 7 14, 16, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.498377 Excluded 
 

Marmosops parvidens 44 37 

13, 14, 15, 18, 19, 2, 3, 4, 

8 Partial ROC 0.23 Excluded 
 

Myoprocta acouchy 25 25 

13, 14, 15, 16, 18, 19, 2, 

3, 4, 8 Partial ROC 0 

Excluded by 

overprediction 

Neacomys paracou 29 23 

13, 14, 15, 18, 19, 2, 3, 4, 

8 

n − 1 

jackknife 0.085014 Excluded 
 

Oecomys auyantepui 24 19 15, 16, 18, 19, 3, 4, 7, 8 

n − 1 

jackknife 0 

Excluded by 

overprediction 

Oecomys rutilus 13 12 

13, 15, 16, 18, 19, 2, 3, 4, 

9 

n − 1 

jackknife 0.520861 Excluded 
 

Pithecia pithecia 30 28 

13, 14, 15, 18, 19, 3, 4, 7, 

8 Partial ROC 0.024 

Excluded by 

overprediction 
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Saccopteryx gymnura 11 10 

13, 14, 15, 18, 19, 2, 3, 4, 

8 

n − 1 

jackknife 0.049503 Excluded 
 

Saguinus midas 32 31 

13, 14, 15, 18, 19, 2, 3, 4, 

8 Partial ROC 0 

Excluded by 

overprediction 

Ae32 

Northwestern 

Chacoan 

subregion 

Calomys expulsus 26 23 

13, 14, 15, 18, 19, 3, 4, 7, 

8, 9 

n − 1 

jackknife 0.050418 Excluded 
 

Kerodon rupestris 14 14 

12, 14, 15, 18, 19, 2, 3, 4, 

8 

n − 1 

jackknife 0.046601 Accepted 0.344 

Thrichomys apereoides 30 27 12, 14, 15, 18, 19, 2, 3, 8 Partial ROC 0 Accepted 0.473395 

Wiedomys pyrrhorhinos 21 19 12, 14, 15, 18, 3, 4, 7, 8, 9 

n − 1 

jackknife 0.000003 Accepted 0.234 

Ae34 

 

Parana 

dominion 

 

Akodon montensis 149 86 13, 18, 19, 3, 6, 7 Partial ROC 0 Accepted 0.326859 

Akodon serrensis 42 35 10, 12, 13, 18, 3, 7, 8, 9 Partial ROC 0.012 Accepted 0.240841 

Bibimys labiosus 13 11 14, 18, 3, 7, 8, 9 

n − 1 

jackknife 0.000173 Accepted 0.214 

Cebus nigritus 51 44 12, 13, 18, 2, 3, 8, 9 Partial ROC 0 Accepted 0.472156 

Delomys dorsalis 15 14 10, 12, 13, 3, 7, 8, 9 

n − 1 

jackknife 0.207728 Excluded 
 

Euryzygomatomys 

spinosus 28 27 10, 12, 13, 18, 3, 7, 8, 9 Partial ROC 0 Accepted 0.455627 

Gracilinanus 

microtarsus 135 60 13, 18, 19, 3, 4, 7, 8 Partial ROC 0 Accepted 0.337332 

Juliomys pictipes 37 23 1, 12, 13, 18, 2, 3, 8, 9 Partial ROC 0 Accepted 0.405698 

Kannabateomys 

amblyonyx 37 29 1, 12, 13, 2, 3, 8, 9 Partial ROC 0 Accepted 0.427581 



80 
 

Monodelphis scalops 25 13 1, 12, 13, 18, 2, 3, 8, 9 

n − 1 

jackknife 0.457515 Excluded 
 

Phyllomys medius 9 7 10, 13, 18, 19, 3, 7, 8, 9 

n − 1 

jackknife 0.953927 Excluded 
 

Vampyressa pusilla 13 11 12, 13, 18, 3, 6, 7, 8, 9 

n − 1 

jackknife 0.241259 Excluded 
 

Ae97 

 

Magellanic 

forest 

province 

Abrothrix longipilis 565 260 13, 14, 15, 3, 4, 6, 8, 9 Partial ROC 0 Accepted 0.253791 

Lasiurus varius 15 13 14, 15, 16, 3, 4, 6, 8, 9 

n − 1 

jackknife 0.002858 Accepted 0.206 

Myotis chiloensis 51 34 1, 13, 14, 15, 3, 4, 8, 9 Partial ROC 0.008 Accepted 0.37749 

Ae98 

 

Central 

Chilean 

subregion 

Geoxus valdivianus 131 78 14, 15, 3, 4, 8, 9 Partial ROC 0 Accepted 0.284367 

Hippocamelus bisulcus 11 9 14, 15, 3, 4, 8, 9 

n − 1 

jackknife 0.073839 Excluded 
 

Histiotus magellanicus 35 25 1, 14, 15, 3, 4, 8, 9 Partial ROC 0 Accepted 0.280755 

Loxodontomys micropus 27 27 14, 15, 19, 3, 4, 6, 8, 9 Partial ROC 0.096 Excluded 
 

Ae99 

 

Central 

Chilean 

subregion and 

Maule 

province 

Chelemys macronyx 118 81 14, 15, 3, 4, 6, 8, 9 Partial ROC 0 Accepted 0.19252 

Eligmodontia morgani 92 58 14, 15, 19, 3, 4, 6, 8, 9 Partial ROC 0.012 Accepted 0.147444 

Ae20 

 

Mesoamerican 

dominion 

Carollia sowelli 52 28 14, 15, 16, 18, 19, 2, 3, 8 Partial ROC 0.064 Excluded 
 

Handleyomys rostratus 121 38 13, 14, 15, 18, 19, 2, 4, 8 Partial ROC 0.062 Excluded 
 

Myotis elegans 47 34 14, 15, 16, 18, 19, 2, 3, 8 Partial ROC 0 Accepted 0.385416 

Orthogeomys hispidus 248 129 13, 14, 15, 18, 19, 2, 3, 8 Partial ROC 0 Accepted 0.332301 

Rhogeessa tumida 105 71 13, 14, 15, 18, 19, 2, 3, 8 Partial ROC 0 Accepted 0.275038 
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Sciurus deppei 379 209 13, 14, 15, 18, 19, 2, 3, 8 Partial ROC 0 Accepted 0.342757 

Sphiggurus mexicanus 32 25 14, 15, 16, 18, 19, 3, 7, 8 

n − 1 

jackknife 0.012765 Accepted 0.154 

Tylomys nudicaudus 133 70 14, 15, 16, 18, 19, 3, 7, 8 Partial ROC 0 Accepted 0.300086 

Ae22 

 

Western 

Mexican 

transition zone 

 

Choeronycteris 

mexicana 319 207 

1, 14, 15, 16, 18, 19, 2, 3, 

8, 9 Partial ROC 0.558 Excluded 
 

Leptonycteris 

yerbabuenae 440 237 

1, 13, 14, 15, 18, 19, 2, 3, 

9 Partial ROC 0 Accepted 0.210882 

Mephitis macroura 356 232 

13, 14, 15, 18, 19, 2, 3, 8, 

9 Partial ROC 0 Accepted 0.308863 

AET41 

 

Northern 

Mexico 

 

Cratogeomys castanops 586 284 13, 15, 18, 19, 2, 3, 8 Partial ROC 0 Accepted 0.271448 

Neotoma leucodon 73 51 

13, 14, 15, 18, 19, 2, 3, 8, 

9 Partial ROC 0 Accepted 0.285562 

Neotoma micropus 1055 566 13, 14, 15, 18, 2, 3, 8, 9 Partial ROC 0 Accepted 0.304637 

Perognathus merriam 178 143 13, 14, 15, 18, 2, 3, 8, 9 Partial ROC 0 Accepted 0.300986 

AET43 

 

Central 

Mexico 

 

Ammospermophilus 

interpres 140 72 

13, 14, 15, 18, 19, 2, 3, 8, 

9 Partial ROC 0 Accepted 0.289994 

Chaetodipus eremicus 185 128 11, 14, 15, 18, 19, 2, 8, 9 Partial ROC 0 Accepted 0.299334 

Chaetodipus nelsoni 506 278 13, 14, 18, 19, 2, 6, 8, 9 Partial ROC 0 Accepted 0.339048 

Onychomys arenicola 323 171 

11, 12, 14, 15, 18, 19, 2, 

8, 9 Partial ROC 0 Accepted 0.223042 

Ae48 

 

Pantepui 

province 

 

Platyrrhinus aurarius 19 15 

13, 14, 15, 18, 19, 2, 3, 4, 

8 

n − 1 

jackknife 0.076848 Excluded 
 

Proechimys 

hoplomyoides 12 6 13, 15, 18, 19, 3, 4, 7, 8 

n − 1 

jackknife 0.141626 Excluded 
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Rhipidomys macconnelli 16 16 13, 14, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0 

Excluded by 

overprediction 

Rhipidomys wetzeli 11 7 13, 15, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.000002 

Excluded by 

overprediction 

Ae59 

 

Southern Puna 

province 

 

Abrocoma cinerea 25 22 14, 15, 18, 2, 3, 9 

n − 1 

jackknife 0 Accepted 0.049 

Akodon albiventer 91 71 14, 15, 18, 2, 3, 9 Partial ROC 0 Accepted 0.390042 

Akodon lutescens 61 52 14, 15, 18, 2, 3, 9 Partial ROC 0 Accepted 0.386966 

Andinomys edax 36 30 14, 15, 18, 3, 7, 9 Partial ROC 0 Accepted 0.422758 

Auliscomys sublimis 55 40 13, 14, 15, 18, 2, 3, 8 Partial ROC 0 Accepted 0.314054 

Calomys boliviae 30 22 13, 14, 15, 18, 3, 7, 9 

n − 1 

jackknife 0 Accepted 0.146 

Chaetophractus nationi 13 11 14, 15, 18, 19, 3, 4, 9 

n − 1 

jackknife 0.121701 Excluded 
 

Ctenomys opimus 63 43 14, 15, 18, 2, 4, 9 Partial ROC 0 Accepted 0.38117 

Eligmodontia puerulus 30 26 11, 12, 14, 15, 3 Partial ROC 0 Accepted 0.394825 

Octodontomys gliroides 27 24 14, 15, 17, 18, 2, 4, 9 

n − 1 

jackknife 0 Accepted 0.084 

Oxymycterus 

paramensis 64 48 13, 14, 15, 18, 2, 3, 9 Partial ROC 0 Accepted 0.342169 

Phyllotis osilae 90 71 13, 14, 15, 18, 2, 3, 9 Partial ROC 0 Accepted 0.291989 

Rhipidomys austrinus 19 18 13, 14, 15, 2, 3, 8 

n − 1 

jackknife 0.000004 Accepted 0.193 

Ae60 

 

Puna province 

 

Akodon boliviensis 82 53 13, 14, 15, 18, 2, 3, 8 Partial ROC 0 Accepted 0.325869 

Akodon fumeus 41 30 13, 14, 15, 2, 3, 8 Partial ROC 0 Accepted 0.422342 
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Microcavia niata 12 12 14, 15, 16, 19, 3, 4, 7, 9 

n − 1 

jackknife 0 Accepted 0.365 

Necromys amoenus 22 20 13, 14, 15, 18, 2, 3, 9 

n − 1 

jackknife 0 Accepted 0.23 

Ae84 

Ae84 

Ae84 

Pacific 

Lowlands and 

Balsas Basin 

provinces 

 

Cratogeomys fumosus 32 23 

12, 14, 15, 17, 18, 19, 2, 

3, 8 Partial ROC 0.218 Excluded 
 

Hodomys alleni 53 36 

12, 14, 15, 17, 18, 19, 2, 

3, 4, 8 Partial ROC 0 Accepted 0.354232 

Osgoodomys 

banderanus 182 89 

14, 15, 16, 17, 18, 19, 2, 

3, 8 Partial ROC 0 Accepted 0.329177 

Sigmodon allenii 46 29 

12, 14, 15, 17, 18, 19, 2, 

3, 8 Partial ROC 0 Accepted 0.270224 

Sylvilagus cunicularius 135 71 

12, 14, 15, 18, 19, 2, 3, 4, 

8 Partial ROC 0 Accepted 0.357027 

Ae91 

 

Madeira and 

Rondônia 

provinces 

Aotus nigriceps 36 30 13, 14, 18, 19, 2, 3, 4, 8 Partial ROC 0 Accepted 0.403763 

Lagothrix cana 22 22 13, 14, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.000013 Accepted 0.116 

Pithecia irrorata 47 37 10, 13, 14, 18, 19, 2, 3, 4 Partial ROC 0 

Excluded by 

overprediction 

AET125 

 

Northern 

Andes 

 

Akodon affinis 40 32 15, 18, 19, 2, 3, 4, 6 Partial ROC 0.092 Excluded 
 

Artibeus rosenbergii 17 16 15, 18, 19, 2, 3, 4, 9 

n − 1 

jackknife 0.000767 

Excluded by 

overprediction 

Caenolestes convelatus 17 15 15, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.000003 Accepted 0.252 
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Choeroniscus periosus 9 8 15, 18, 19, 2, 3, 4, 9 

n − 1 

jackknife 0.052025 Excluded 
 

Coendou rufescens 48 37 15, 18, 19, 2, 3, 4, 8 Partial ROC 0 Accepted 0.238934 

Neusticomys monticolus 22 17 15, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0 Accepted 0.258 

Platyrrhinus chocoensis 17 15 15, 18, 19, 3, 4, 7, 9 

n − 1 

jackknife 0.395343 Excluded 
 

Rhinophylla alethina 11 11 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.107902 Excluded 
 

Rhipidomys caucensis 10 8 15, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.051515 Excluded 
 

Sturnira aratathomasi 5 5 14, 15, 18, 19, 3, 4, 7, 8 

n − 1 

jackknife 0.006253 

Excluded by 

overprediction 

Thomasomys 

cinereiventer 27 21 15, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0 

Excluded by 

overprediction 

Thomasomys popayanus 9 6 13, 15, 2, 3, 4, 8 

n − 1 

jackknife 

0.007801

6 Accepted 0.504 

Tylomys mirae 25 21 15, 18, 19, 2, 3, 4, 8 

n − 1 

jackknife 0.010259 

Excluded by 

overprediction 

Zygodontomys brunneus 16 14 14, 15, 18, 19, 2, 3, 4, 6 

n − 1 

jackknife 0.001047 

Excluded by 

overprediction 

Ae93 

 

Atacama, 

Desert, Puna 

Abrothrix jelskii 85 70 13, 14, 15, 18, 2, 3, 8 Partial ROC 0 Accepted 0.254799 

Calomys lepidus 94 73 13, 14, 15, 18, 2, 3, 8 Partial ROC 0 Accepted 0.358175 

Cavia tschudii 40 31 14, 15, 18, 2, 3, 8 Partial ROC 0.078 Excluded 
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and Yungas 

provinces 

 

Hippocamelus 

antisensis 13 13 14, 15, 18, 2, 3, 8, 9 

n − 1 

jackknife 0.006426 Accepted 0.26 

Mormopterus 

kalinowskii 11 9 13, 14, 15, 3, 4, 7, 8 

n − 1 

jackknife 0.000012 

Excluded by 

overprediction 
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Appendix S3. Current areas of mammal endemism analyzed in this study, obtained 

summing the endemic potential distribution of mammals for each area of endemism. 

 Figure S1. Northern Mesoamerican dominion (Ae10)    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure S2. Northern South American transition zone (Ae14)
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Figure S3. Western Brazilian subregion (Ae19) 

 
 
Figure S4. Mesoamerican dominion (Ae20) 
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Figure S5. Western Mexican transition zone (Ae22) 

 
 
Figure S6. Northwestern Chacoan subregion (Ae32) 
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Figure S7. Parana dominion (Ae34) 

 
 
 
Figure S8. Northern Mexico (AET41) 
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Figure S9. Central Mexico (AET43) 

 
 
Figure S10. Southern Puna province (Ae59) 
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Figure S11. Puna province (Ae60) 

 
 
Figure S12. Pacific Lowlands and Balsas Basin provinces (Ae84) 
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Figure S13. Madeira and Rondônia provinces (Ae91) 

 
 
 
Figure S14. Atacama Desert, Puna and Yungas provinces (Ae93) 
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Figure S15. Magellanic forest province (Ae97) 

 
 
 
Figure S16. Central Chilean subregion (Ae98) 
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Figure S17. Central Chilean subregion and Maule province (Ae99) 

 
 
 
Figure S18. Northern Andes (AET125) 
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Appendix S4. Dynamism of the Neotropical areas of endemism based on distribution of 

mammal species from the sum of the areas of endemism from three time spans (C=Current, 

MH=Mid Holocene, LIG= Last Interglaciation).  

 

Figure S1. Northern Mesoamerican dominion (Ae10) 

 
Figure S2. Northern South American transition zone (Ae14) 
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Figure S3. Western Brazilian subregion (Ae19) 
 

 
 
 
Figure S4. Mesoamerican dominion (Ae20) 
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Figure S5. Western Mexican transition zone (Ae22) 
 

 
 
 
Figure S6. Northwestern Chacoan subregion (Ae32) 
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Figure S7. Parana dominion (Ae34) 
 

 
 
Figure S8. Northern Mexico (AET41) 
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Figure S9. Central Mexico (AET43) 

 
 
Figure S10. Southern Puna province (Ae59) 
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Figure S11. Puna province (Ae60) 

 
 

Figure S12. Pacific Lowlands and Balsas Basin provinces (Ae84) 
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Figure S13. Madeira and Rondônia provinces (Ae91) 

 
 

Figure S14. Atacama Desert, Puna and Yungas provinces (Ae93) 
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Figure S15. Magellanic forest province (Ae97) 

 
 
Figure S16. Central Chilean subregion (Ae98) 

 

 
 
Figure S17. Central Chilean subregion and Maule province (Ae99) 
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Figure S18. Northern Andes (AET125) 
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Appendix S5. Set of variables used to analyze of dynamism of the areas of endemism of Neotropical mammals.  C total size= Size of 

the area of endemism in the current (km2); MH total size= Size of the area of endemism in the Mid Holocene (km2); LIG total size= 

Size of the area of endemism in the Last Interglacial (km2); G-C= Gain current; L-MH= Mid Holocene area loss in the current; 

C+MH= Mid Holocene area conserved in the present; L-LIG= Last Interglacial area loss in the current; C+LIG= Last Interglacial area 

conserved in the current; L-MH+LIG= Mid Holocene and Last Interglacial areas loss in the current; C+HM+LIG= Mid Holocene and 

Last Interglacial areas conserved in the current. C-sps= Number of endemic species in the current; C-Size-MaxSp= Size of the area 

composed by the maximum number of species within the current areas of endemism; MH-sp= Number of species in the Mid Holocene 

areas of endemism;  MH-SizeMaxSp= Size of the area composed by the maximum number of species into the Mid Holocene areas of 

endemism; LIG-sp= Number of species in the Last Interglacial areas of endemism; LIG-SizeMaxSp= Size of the area composed by the 

maximum number of species within the Last Interglacial areas of endemism; Order-C= Number of orders in the current areas of 

endemism; PD= Faith’s Index of phylogenetic diversity (Faith, 1992) of the current areas of endemism; MinAge= Minimal age of the 

endemic species in the current areas of endemism; and MaxAge= Maximal age of the endemic species in the current areas of 

endemism. 

 
Ae Ae10 Ae84 Ae91 AET125 Ae93 Ae14 Ae19 Ae32 Ae34 
C total size 383511 278827 621917 179341 574807 931483 1763501 1595445 1360246 
MH total size 178675 538188 889339 307242 710336 1925925 1552731 2657719 5131227 
LIG total size 363053 271999 1784586 176339 563574 1978776 1334001 3185755 1764479 



105 
 

G-C 119164 6056 360405 27113 75064 34909 806832 25287 127945 
L-MH 6200 110208 615789 113701 164230 979149 237771 600653 3436957 
C+MH 32754 176106 256281 143324 78289 178009 359953 198985 316965 
L-LIG 121099 19076 1763007 126088 91476 1167124 360071 1282592 346424 
C+LIG 102233 1049 4310 34 4281 42885 18923 45082 40750 
L-MH+LIG 10361 156258 16348 41347 50644 93087 377214 531990 502719 
C+HM+LIG 129360 95616 921 8870 417173 675680 577793 1326091 874586 
C-sps 2 4 2 4 3 5 4 3 8 
C-Size-MaxSp 383511 118534 621917 31488 379160 314368 475105 686871 120222 
MH-sp 2 4 2 4 3 5 4 3 8 
MH-SizeMaxSp 178675 223168 889339 51550 355046 379895 161072 1178135 128255 
LIG-sp 2 4 2 4 3 5 4 3 8 
LIG-SizeMaxSp 363053 64628 1784586 20 321146 239766 249729 823356 43318 
Order-C 1 2 1 2 2 2 1 1 3 
PD 207.5 300.4 170.7 399.4 259.6 474 212.8 274.8 524.9 
MinAge 2.3 3.2 2.2 3.7 0.2 3.4 4.9 4.5 3.1 
MaxAge 19.9 30.1 8.7 35.6 18.2 10.8 16.3 4.9 13.3 
Ae Ae97 Ae98 Ae99 Ae20 Ae22 AET41 AET43 Ae59 Ae60 
C total size 509587 406038 499146 1105835 1390830 1276486 850808 1718483 326898 
MH total size 451157 457975 492742 1675954 1284400 1326244 704456 3047251 512083 
LIG total size 816565 491190 206225 1559145 925141 75500 83453 4294487 612031 
G-C 45724 4481 101620 11699 161395 142999 179458 16372 37414 
L-MH 15646 19654 123029 161922 66533 189154 36136 128457 75045 
C+MH 37155 44926 205822 103589 364365 1080009 589373 51089 58225 
L-LIG 380568 94807 12650 114572 45872 18097 1390 1327812 222035 
C+LIG 37641 2988 29684 34130 25767 322 3116 98970 11183 
L-MH+LIG 9289 39752 1871 454026 14199 3925 86 1315653 158737 
C+HM+LIG 389067 353643 162020 956417 839303 53156 78861 1552052 220076 
C-sps 3 2 2 6 2 4 4 12 4 
C-Size-MaxSp 306879 406038 499146 93688 1390830 308813 60021 4052 49836 
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MH-sp 3 2 2 6 2 4 4 12 4 
MH-SizeMaxSp 313338 457975 492742 123730 1284400 320392 53387 500792 22533 
LIG-sp 3 2 2 6 2 3 3 11 4 
LIG-SizeMaxSp 194521 491190 206225 234802 925141 1657 13 990 11178 
Order-C 2 2 1 2 2 1 1 1 1 
PD 269.2 243.3 163.4 512.2 232.7 268.5 315.1 434.7 251.4 
MinAge 4.5 3.2 1.4 4.5 2.4 2.8 8.7 3.2 2.3 
MaxAge 4.6 15.7 9.8 40.8 10.4 17.8 20.5 18.7 8.5 
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CAPÍTULO II. ESTRUCTURA FILOGENÉTICA DE LAS 
ESPECIES ENDEMICAS DE MAMÍFEROS 

NEOTROPICALES 

 

II.I Boundaries of the Neotropical region based on areas of 

endemism of mammals. 

II.II Phylogenetical and ecological relationships into the Neotropical 

areas of endemism (Enviado Journal of Natural History). 
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Abstract. The mammals are the biological group initially analysed by Wallace to define lhe Neotrop ieal region (NR). 
Their areas of endemism (Ae) are eonsidered hi stori eal panems, which have becn uscd to describe biogeographie sehemes. 
However. lhe Ae al regional scale are currenlly unclear. In Ihe presenl sludy, we analyse Ae o fmammal s al Ihe reg iona l 
scale and compare Ihem \Vith previous biogeograph ic schemes Orlhe NR. The Ae ofNeotropi callerrestrial mammals \Vere 
idenlified using the endemicity analysis (software NDMNNDM). Our results showed Ihal the NR is composed of 10 Ae, 
supported by 82 endemic laxa (6 families, 29 genera, and 47 spce ies). The Ae showed a NR with multiple boundaries 
and wi lh a core of higher overlap of Ihe areas of endemism (OAE) from Veracruz and lhe Pacifi e coasls of Mexico lo 
the southem limil of Amazonia in Brazil. The NR boundaries vary s lrikingly wilh latinlde, with substantially more 
overlapping arcas of endemism in the tropical biomes than in Ihe temperate biomes of Ameriea. This pattern of OA E is 
consistent wi th lhe higl1er mammal-species ri chness zone \Vithin lhe trop ical biomes and oth er biogeographic pattems such 
as higher productivity and spat ial heterogeneity. 
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Introduction 

The biageographic regionali sation of the world proposed by 
Wallace ( 1876) has been re-analyscd severa'l times (Udvardy 
1975¡ Cox 2001; Proc he~ 2005; Kreft and Jetz 2010; Prochc§ 
and Ramdhani 20 12; Hall el al. 2013 ; Rueda el al. 2013; 
Esca lante el (J I. 2014; Marrone 20 14a, 2015). These re
analyses have rcsuhed in biogeographic regions thal exhibit 
some similarili es, buI also differ from Wallaee's classification. 
In particular, Ihe Neolropic is a biogeographical area thal has 
becn classified as a kingdom, subkingdom. region, subregion , 
or domain depending on the approach and taxa lI sed to define 
it (MolTone 20 14a, 2015. and references therein), with each 
category invo lving changes in its geograp hical size and 
boundaries. 

The Neatropica l region (N R) recognised by Sc\ater (1 858, 1895) 
and Wallace ( 1876) campri ses areas in America, from central 
Mexico to Patagonia. Udvardy (1975) considered a ditTerem 
nort.hem boundary fol' the NR, namely Baja CaJifa mia and 
Sinaloa Caast, Mexico. Sorne studies agree that Ihe NR extends 
from northem Mexico to cenlnll Argentina (Cabrera and Willink 
1973; Smith 1983; Morrone 200 1b; Kreft and Jetz 20 10; Halt 
el al. 2013; Rueda el al. 2013). It has been proposed that the NR 

Joumal compilation © CS LRO 201 7 

exc\udes lhe Andean region (Morrone 2004, 2014a, 2015; Kreft 
and Jetz 2010; Proche§ and Ramdhani 2012; Noguera-Urbano 
2013; Noguera-Urbano and Esealante 20 15), and that it includes 
thc Mexican trans ition zonc (North) and Ihe SOllth American 
transition zone (South; Morrone 2004, 20 14(1. 2015; Noguera
Urbano 20 13; Noguera-Urbano and Escalante 20 15). 

In contrast, areas of endcmism (A e) are the basic units of 
hi storical biogeographic analys is, and th eir conceptual and 
methodological definitions are a central issue in evo lut ionary 
biogeography (platni ck 1991; Morrone 1994; Linder 2001 j . 
An Ae can be identi fi ed by spalia l cangruence o f two or 
mo re 5pecies (Plarnick 1991; Morrone 1994; Nog uera
Urbano 2016), which 15 the re su1t of interactions between 
eco logical and hi storical factors !hal ¡¡mit species' geographic 
distributions (Mli ll er 1973; Harold and Moo i 1994; Szumik 
el u/. 2002; Noguera-Urbano 20 16). The search for Ae is the first 
step in identi fy ing groupings of taxa defined in space and time 
(Morrone 20010,2009). Areas ofendemi sm are biogeographic 
hypotheses that can be tested with the addition of new data 
(Harold and Mooi 1994) or ana1ysed \Vith different melhods 
(Szumik el al. 2002), lo propase schemes of biogeographic 
regionalisation (Escalante el al. 2010, 2013). 

www.pub lish.csiro.au/j 011 mal sI asb 
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Neolropical regíon and cnde mic mammal s 

Many protoco ls and algoritilms have been described for tbe 
anal ys is ofbiogeographic arcas (regions, subregions, provinces, 
ecoregions; Rosen 19880, 1988b; Rosen and Smitb 1988; Harold 
and Mooi 1994; Morrone 1994; Hausdorfand Hennig 2003: Kre ft 
and Jetz 20 I O; Hall et al. 20 13; Rueda el al. 20 13), bul few oflhem 
explicilly consider Ihe spatial component in Iheir analysis 
(Szumik el al. 2002; Echeverry and MOJTone 20 10). Szumik 
el al. (2002) and Szumik and Goloboff (2004) proposed and 
applied an optimality cri tenon (endemicity analysis; EA) lo the 
delimitation of Ae, which is defined as follow s: 'a species 
could be counted as endemic in an Arca A when it satisfies Ihe 
requirement (evcnness rule) that il is prescnl in at least two cell s 
of A, and in each cell e of lhe arca lhe species is either present , 
or absenl in no more than Q (where O < Q < 8) of the cell s 
around C thar belong to A' (Szumik and Goloboff 2004). The 
EA is implemented in the so"ftware NDM/VN DM (P. GolobofT, 
see http://www.lillo.org.arlphylogeny/endemism/ , aceessed 
Novem ber 20 17). This method ass igns an endemicity score to 
eaeh speeies depending on how well it fit"s the sel of cell s 
(species endemic ity index, e; Szumik el al. 2002, Szumik and 
Goloboff 2004). The e can lake values from O to 1, whcre 
1 indieates a perfect fit. In addition , the values of e are 
summed lO obtain a score 01' endemieity for a set 01' ce lis (sel 
elldcmieity index, E) for each preliminary area . SeIs of cel1 s 
with more Ihan two species (c.g. ¡fSpl e = 1 and Sp2 e = l, then 
e + e = 2, thus E = 2) are proposed lo be recogni scd as Ae 
(E> 2.0; Szumik el al. 2002; Szumik and Goloboff 2004; 
Escalante el al. 201 0, 201 3). 

Noguel:a-Urbano and Esca lante (20 15 ) idenlified 101 Ae 
based on Neotropical mammals, using the EA (NDMNNDM), 
with special focus on the description of Ae types with a smaller 
size (provinces) than the reg ía n leve!. They briefl y mentioned 
thal lhe NR i5 defined by nine large Ae al a regional scaJe and 
28 endemie taxa, but 110 eonclusions were reached aboul its 
boundarie5 and biogeographie implications. Although the NR 
is eonsidered a biogeographic pattem or a genera l di stribution 
patlem delimi ted by both ecologiea l and hi stori cal criteria, 
deseriptions of its bOllndaries laek conscnsus and Ae of 
marnmals al Ihe regional sca le remain unc1ea r. In addition , il i5 
thought thal different analytie mcthods or taxonomic gro ups 
produce d ifferent biogeographic schemes (e.g. Cox 2001; 
Proeh~ 2005; Kre"ft and Jetz 201 0; Proch~ and Ramdhani 
2 01 2; Holt el al. 201 3; Rueda el al. 20 13; Esca lante el al. 
20 14; Noguera-Urbano and Escalante 20 15). The goal of the 
present sludy was , tbereJore, to analyse Ae of mammals at lhe 
reg ional sca le and compare them with previous biogeographic 
schemes of the NR . We defined Ae using lhe EA al a grid of 
4° latitude- Iongitude and demonstrated that thi s approach can 
y ield reslllts Ihat show l11ultiple Ae al a regional seale in Ihe NR. 

Materials and methods 

Areas of endemism and endemic laxa 

We included the distributional maps of 1605 species of lhe 
Neotropical mammals proposed by the Internationa l Union 
for Conscrvation of Nature, ver. 20 14. 1 (lUCN, sce www. 
iucnredlist.orgl. accessed 12 Oetobcr 2014). representing 20 
families and 179 genera. IVeN maps follow lhe nomenclaturc 
proposed by Wilson and Reeder (2005). Sorne families and 
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genera may nOI be fully rep resented in Ihe IUeN maps 
because of taxonomic and nomenclatural ehanges. Dist1ibutional 
maps were cut with a rectangu lar mask thal extends from the 
United Stales of Amel;ca (USA) lo Patagonia (38"N to 56"S 
and 122°W to 34°W). Even though southem USA does 110tbelong 
lo the NR (Esca laote el al. 2010; Mon'o ne 2014a; Noguera
Urbano and Escalanle 20 15), it was included forpracti cal reasons 
becausc there is no clear demarcation between the Neotropical 
and Nearcti c regions in Mexico (including lhe Mexican 
transilion zone; Escalantc el al. 2010; MOITone 201 4a, 201 5). 
The distribution maps of families, genera and species were 
combined lO identify lhe endemic taxa of the NR (Escalante. 
el al. 20 10). Families wilh a single gen ll s and monospecific 
genera were represented by Ihe distributional maps of the 
species 10 avo id over-reprcsenling those taxa (Esca lanle el al. 
2010). The di stributional maps ofthe families and genera were 
slaeked wi th di stributiona l maps oflhe spec ies in a single file. 
This sta ck was overlapped in a 4 x 4° laritllde-·Jongitude grid lo 
produce a presenee orabsence matrix followmg Ihe nomenclalure 
convenlion of lhe software NDMNNDM (names of taxa as 
eolunUls and grid cel1 s as rows). This grid sizc was choscn 011 
lhe basis oflhe recolllmcndal ions o f Escalante e l al. (201 0,20 13) 
to identify regional Ae and species with wide distriblltion , 
eonsidering Ihat lhe use of large cells is convenicnl for lhe 
identificarion of broad and unfragmented Ae (Casagranda 
el aJ. 2009). Thc malrix of 20 families, 179 genera and 1605 
species inclllded 1804 laxa (Table S I of thi! Supplemenlary 
material) in 2 10 grid cel ls. 

The matrix was analysed using the software NDM/VNDM , 
ve r. 3.0 (P. Goloboff, see http://www.lillo.org .a rlphylogeny/ 
endemism/, accessed November 20 16), for t.he idenlification 
of Ae (Szumik el al. 2002; Szumik aod Goloboff 2004). We, 
perfonned a heuri stic seareh, keeping arcas wilh al least lwO 
endemic spec ies and E > 2.0. The option o f permutation of 
one grid cell al a time was used. We relained suboptimal sels 
below 0.90 wo rst fil, beca use aceepting those suboptimal 
so lutions is a way lo reso lve hard oplimisation problems, and, 
Iherefore, thi s procedure gives a eerta in probability lo improve 
the effecri vcness oflhe search (Szumik and Goloboff2004). The 
option of ' use edge proportions' was not used. That oprion 
cons iders the cells oulside the arca of study, but adjacenl to il, 

Tablc l . Ncotropical arcas of endemism (AC) -obtaincd with the 
software NUMJVNUM 

E, endcmicity index for each Ae; e, inlerval of laxon endemicily index 
(minimum- maximuJ11): and ETR, endcmic-taxon richncss. Ac9 is lhe only 
one consensus composed oftwo areas of endemism; tlu: refore , their E and e 

ranges are shown 

A, E , #ETR 

1 1.84 0.94-0.95 3 
2 2.87 0.93-0.98 3 
3 2.64 0.79-0.93 4 

4 3.7 1 0.84-0.88 4 

5 4.16 0.75-0.89 4 

6 6.92 O.75-{) S8 5 
7 9.24 0.81-0.91 6 
8 9.09 0.8 [- 0.90 8 
9 27 .3- 29.5 (0.000- 0.858 H 0.939- 0.956) 36 
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Table 2. Neotropical areas or endemism (Ae) obta ined wit h Ih l" software NDMlVNDM 
Number in parentheses after each taxon name is its endemicity index (e). Size ex presses lhe surrace ortlle Ac rcsulting rrom joining the distributiOllaJ arcas 

01' its cndcmic lax:l 

A, 

, 
3 
4 

5 

6 

8 

9 

Ta.xa 

Tayassuidae (0.95). Nycfillomops (0.95), Peca"; /ajaC/l (0.94) 
Monnoopidae (0.98), Plel'OlIulUs (0.96), P/erullo/u.~ pomelli; (0.93) 
Phi/flllder (0 .93). Va lllpyressa (0.92), C}¡ironec/es minimus (0.79) 
Pru/JIops (0.88), Eira barbura (0.96), Leupurawi lI'ieaií (0.95), LOlllm IOllgicG/ldú (0.92) 

Ate/es (0.88), Chirodel1l111 villosllIIl (0.82). DideJplt.'s marsupia/is (0.89). EUlllups Imllsae(0.82), Phi/wuJer OpUSSIllJl 
(0.75) 

Galiclis vilwra (0.89). UcllOllyc/eris obscura (0.86). Lopl/Os/oma brasiliense (0.86). Mimon crellulalUIII (0.88), 
Perup/eryx kappled (0.86). P()/o~jlal'll~· (0.8 1), Rhyllclwllj'c/eris IUlSO (0.90), Urodenlw magnimslrum (0.86) 

Cabassous (0.93 ). EI/lllops oonariellsis (0.98 ). L(jJiJ/ru.~ ego (0.89), Leupardus pardalis (0.87). Muzamu (0.96), 
Myofis {//be~'cells (0.93). MYOfis nigricum' (o.n), Myrmecophugu/ddm:lylu (0.91). Syl\'ilugll~' brtlsiliel/sis (0.90). 

Ta)m'slI pecari (0.95) 
Al/al/m (0.89), Arlib/:'I/s lilllm/lIs (1), Cyl/umops (0.91), Dididllru~' (0.91), Oielidl/m'!! u/bus (0.91 l. Chirodermll 

(0.93), Glussoplwga (0.89), Glussoplwga suridllo (0.88), SuCCOpICIJ'X (0.95). Sfurním (0.82) 
Alouullu (0.849-0.895 1, Ate!idae (0.000-0 .858), Ctl/II/'OIIIJ'~ (0.915-0.943 ), Curollia (0 .895-0.964), Camilla 

perspic.illa/a (0.895-0.964), Ccbidac (0.000- 0.929). Cehus(0.OOG-0.925), C/¡rolOpferl/S úllrilllS (0.847- 0.892). 
CrmlclI/us paca (O.OOG-0.897), Dct:;}7}/'oc/u (0.84 1-0.886), Dasyproctidae (0.849- 0.895 ), DiúelllllS j'U/lIIgi 

(0.000- 0.875) , EplesiclIs brasiliellsis (0 ,905-0.911), Ercthizonlidac (0.000- 0.877), ElIlIlOpS ouripendllllls 
(0.842- 0 .886), LOllchorhill(l (0,915- 0.943), LOIll:horhillU l/l/ riTa (0.915- 0.943), Lopho:swlIla (0.952- 0 .958), 
Mucrophylllllll macrophylllllll (0.954-0.97 1). MClrmosá (0.QOG-0.91 7J, Melllcltims IIl1dicuudalus (O. 920- 0.936). 
Microllj'c/eris mlmlla (0. 000-0.94 1). Mili/vII (0.907-0.958), Noc/iIio n/biwnlris (0.897-0 .9 12), Perop/eIJ'x 

(0.926-0.976), Pern¡Jlel}'x /IItlcrotis (0.91 2-0.962), Phyllodemw slellop.'· (0.934-0.951). Phyllos/ofllus 
(0.947-0.953), Phy llosromlls discolor (O.942-O.CJ48), Phy I/OSTOIllII$lws/alll$ (0.000-0.956). P/aryrrhilllls 
(0.846-0.852). Sact:op/w:vx leplllrtl (0.939- 0.956 ). TO/wtiu (0.85 1--{).864), TmdlUps (.'/rrhosll.\· (0.934-0.962) . 
Uroderllla (0.000-0.9 18). UrQderma bi/obUlIlIll (0 .947-0.953) 

in the NDM/VNDM mathematica l fonnulations (see Szumik and 
Goloboff 2004). In our case, those cells did nOI represent 
numerical values, because we expected Ae \Vitb a size clase to 
thm of Ihe stud y region. We performed 100 analyses in NDM/ 
VNDM. Arcas of endemism identified by NDMJVNMD can 
share a percentage of endemic taxa (Szumik et lIl. 2002, 
Szumik and GolobofT 2004). Therefore, \Ve retained seIs with 
ditTerent scores if>98% ofthe defining species \Vere exclusive, 
using the optíon ' keep overlapping subsets >98%' . A high value 
of ' kecp ove rl apping subsets' represents a higber percentage of 
unique spec ies and, thus, leads lO maximising Ihe number of 
unique arcas composed by unique laxa (Noguera-Urbano and 
Escalante 2015 ). We- applied a ' Ioose ' consensus rule lo 
summarise preliminary Ae that shared 50% or more of their 
defining laxa, because some areas had a similar spec ies 
cornposition. This cansen sus is agglomerative and results in 
fewer consensus areas, because il combines areas when 
overlapping distributional patlems ex ist (Aagesen et al. 20 13). 

• x 
."l 
'O 
~ • .c 
E , 
z 

o Families 

35 · g Genera 

. Species 

30 

25 
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5 

27 682 876 
17880434 
14587649 
20 531 064 
14934443 

16924974 

209683 17 

20 923 213 

19 230005 

" 

The dífferent NR schemes díffer in síze. as follows: (1) the 
NR seflslt /lII0 , which comprises Soulh America, Central 
America and northern Mexico (e.g . Wallace 1876; Udvardy 
1975: Proche~ and Ramdhan i 2012), and (2) the NR sel/SII 

stricto, which excludes the Andean regíon of South America 
(e.g. Morrone 20 14a, 20 15). We, Iherefore, retained Ae at Ihe 
NR senSII hilO and (he NR at lhe sellsu S,,.¡efo sea les lO describe 
the mullip le shapes and sizes of Ihe NR. For each Ae, we 
rcportcd the numbcr of endemic mamma l laxa, se l endcmicity 
indexes (E), size (km2

) and geographical boundaries for each 
arca of endemism. In additiol1, we included the endemic laxa 
wilh the ir species endemicity indexes (e). 

Ae1 Ae2 Ae3 Ae4 Ae5 Ae6 Ae7 AeB Ae9 

Numbers 01 areas 01 endemism 

Fig. l . Composilion Or cndcmic laxa ror each arca of cndcmism (Ae). 

Overlap of the areas of endemism (OAEJ in the NR 

We mapped each Ac. mcrging the di stribulional maps of 
endellli c mamlllal taxa . Then Ihe Ae maps were coded using 
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a binary code ( 1: prcsence in cndcmism. O: abscncc) and 
lransformed lO raSlers (ce ll raSler 0.25°). The raSlers of lhe 
Ae were sunuued to obtain a single NR. which represented 
tbe OAE in tbe NR. We explored the effeet of latitude on the 
OAE map by executing a Spearman correlation test between 
values of endemism and latitude (P < 0.05, rejeel Ho: there is 
no rclationship). These va lues \Vere extracted from 300 random 
points on the OAE map in R (ver. 3.3. 1, R Foundation for 
Statistical Computing, Vienna, Austria, see http://www.r
projeel.org/, aeeessed July 2016). 

Results 

Afeas of endemism and endemir. taxa 

The matrix produced 109 Ae with several extends. But only 10 
Ac \Vcre close in size lO (he NR. The conscnsus analysis 
resulted in eight single arcas and onc consensus; thcy defined 

~Ae1 

2000 3000 4000 km 

110" W 90"W 80' W 
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nine Neotropieal Ac. \VC reponed 82 laxa cndemic 10 the R 
(6 ramilies,29 genera and47 species, Tables t , 2). The Ae sho\Ved 
variation i11 tbe endemicity index (rabIe 1), size (rabIe 2) and 
richness ofendenuc taxa, (Fig. 1, Tables 1, 2). lhe Neotropical 
Ae9 was the richest. concerning endemic laxa (36 laxa), whereas 
the Neotropica l Ae 1 and Neotropieal Ae2 had three taxa and 
showcd the 10\Vest endcmicity indexes (E = 2.84 and E = 2 .87 
rcspectivcly). Finally. the cotropical Ael was the largest in sizc 
(27 682 876 km' ), wbereas lbe Neotropieal Ae3 was the sma llest 
(14587 649 km'). 

Neorropical Ae I 

This area extended from southem United States to southem Brazil 
and central Argentina. But, it excluded Uruguay. the Atacama 
Dcsert and Puna in Bolivia, and S0111C Andcan zones in Peru, 
Argentina and Chile (Fig. 2). This pattem ineluded the Caribbean 
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F'ig. 2. Map of ¡he Ncotropica l area of cndc.,,¡ sm Ael. 
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Fig. 3. Map of the Neotropical area of endemism Ae2. 

Islands and the Baja California Peninsula. Three taxa defined this 
arca (Table 2). 

Neotropical Ae2 

This area reached from soutbern United States to Peru , Bolivia 
and central Brazil, excluding south-eastern Amazonia and 
Madeira basin in Brazil, the Andean lands of Peru, and 
southem BoJivia (Fig. 3). In additioll , this pattern ineJuded the 
Caribbean Islands and the Baja California Península. Three taxa 
defined Ihis area (TabJe 2). 

Neotropical Ae3 

This area included from the coast of Veracruz and halr of lhe 
Sierm Madre del Sur (Mexico) to southem Brazil and northem 
Argentina. It included northem Bolivia and westem Parag uay 
(Fig. 4). This area excluded Yucatan in Mexico, the Atacama 

Desert, Puna in Holivia- Peru, almost a l! Argentina, U ruguay, and 
the Caatinga and Cerrado in Brazil. This area was supportcd by 
three taxa (Tab.le 2). 

Neotropical Ae4 

This area extended fmm the coast of Veracruz and the central 
Sierra Madre Occidental (Mexico) to central Argentina. 
However, it excluded the southern portio n of the Sierra Madre 
Oriental and th/;: Trans-Mexican Volcanic Belt in Mexico. It also 
excluded southe rn Peru and western Bolivia (Fig. 5), as well as the 
Caatinga in Brazil. This area \Vas supported by fourtaxa (Table 2). 

Neotropical Ae5 

This arca extended from the coast ofVeracruz, the Sierra Madre 
Oriental and southem Sierra Madre del Sur in Mexico lo southern 
BraziJ, Peru and Bolivia (F ig. 6). Zones sueh as Ihe Chaco 
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Fig.4. Map ofthe Neotropical afea of endemism Ae3. 

(Argentina, Paraguay) and the Atlantic Coast and the Caatinga in 
Brazil were excluded from the area. lt was supported by six taxa 
(Table 2). 

Neotropjea! Ae6 

This area extends from the Sierra Madre del Sur and coast of 
Veracruz (excluding the Trans-Mexican Volcanic Belt) to 
Bolivia, northem Peru and southem Brazil. The coast and 
desert of Peru, and the Puna in Bolivia were excluded from lhe 
pattem (Fig. 7). Jt was supported by eight taxa (Tab le 2). 

Neotrop¡ea! Ae7 

This area ranged from lhe southem coast of Texas, over lhe 
Mexican Mountain Component and lhe Sierra Madre Occidental, 

lO central Argentina. This Ae excludes Puna in Bolivia and 
Argentina (Fig. 8). lt is supported by 10 taxa (Table 2). 

Neotropjea! AeB 

Thi s area extended from the Pacific Lowlands , Sierra Madre 
Occidental and Oriental, and lhe coast ofVeraclUz in Mexico lo 
northem Argentina and southem Uruguay. It excluded southem 
Peru , westem Bolivia and Uruguay (Fig. 9). The northem zone of 
the pattem included Jamaica. It was supported by 10 taxa 
(Table 2). 

Neotropjea! Ae9 

It ranged from the Mexican Mountain Component (excluding the 
Sierra Madre Occidental) alld Veracruz coast in Mexico, to 
northem Argentina and southern Uruguay. This Ae excluded 
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the coast of Peru, Puna in Bolivia and Argentina (Fig. 10). This 
area had (he highest number of endemic taxa (36 laxa; Table 2). 

Overfap of the OAE in the NR 

The OAE map resu lted in a N R with multiple boundaries and 
geographica l configurations (Fig. 11), beca use there are areas 
include regions that other areas do no! indude. There was an 
observed decrease in the OAE from the Equato rial paralle l la 

nOl1hem and soulhern America (Fig. 11). The higbest OAE 
extended f ram lhe Veracruz and Pacific coasts of Mexico to 
A mazo nia in Brazi l. We obtained two correlations between 
latitude and lhe OAE (Fig. I t), namely, a negati ve corre lation 
fram Equalorial parallel (0°) lo Southem USA (38°; P = - 0.91 , 
P < 2.2e-16) and a positive corre latioll frOIll Ihe Equatoria l 
parallel (0°) to Argentina (- 38' ; p ~ 0.7, P < 2.20-16). 

Discussion 

Areas of endemism and endemic taxa 

Wallace (1876) and Sclater (1 895) proposed Ihat lhe 
biogeogmphical divisions of the Eal1h surface are characte rised 
by different taxonomic levels. 0ur results ca rroborated thi s idea, 
in showing that Ihe delimi tation o f Ihe Neotropi cal regian is 
supported by three leve ls of endemic laxa, namely, families. 
genera and species. Noguera-Urbano and Esca lante (20 15) 
proposed Ihat the Neatropical regian is supparted by only t\Vo 
endemic families (Cebidae, Echimy idae); our results added 
five endemic families to this number (Atel idae, Dasyproctidae, 
Erethizontidae, Monnoop idae and Tayassuidae). Other stud ies 
suggested thal the Ncotrop ical reg ion was characlcriscd 
by the presence of 10 fami lies (Bradypodidae, Caviidea. 
Cebidae, Dasyproctidae, Dinomyidae, Echim yidae, Hapa lidae, 
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Fig. 6. Map of Ihe Neotropical area of endemism Ae5. 

Myrmecophagidae, Phyllostomidae and Thyrop teridae; Wallaee 
1876; Se\ater 1895; Hershkovitz 1969). Someofthedisagreement 
between our results and previous characterisat ions of the NR 
are due to taxonomic changes . . In the case of Atelidae and 
Cebidae, for example, Wallaee (1 876) and other authors 
considered Cebidae as endemics, following the traditional 
primate taxonomic arrangement that comprised only two 
families (the Callitrichidae (before: Hapalidae, mamlOsets and 
tamarins), and Ccbidac (all othcrs)). Howcvcr, sincc then, 
Cebidae has been redefined and other familics such as 
Atelidae ha ve becn split from that taxonomic group (Rylands 
and Mirtermeier 2009). Other inconsistencies are caused by 
taxa that define only a pateh of the NR, not the broad 
distribution pattern that defines the NR as a unit. This is the 
case of Bradypodidae, which ineludes species that inhabit 
tropical forests that exelude the Rio Orinoco Bas in and 

the llanos of Colombia and Venezuela (Gardoer 2007), or 
Myrmeeophagidae, which is restricled to South America. In 
contrast, Erethizontidae includes genera widespread in America 
(e.g. Erelhizon: Mexico, United Stales and Canada; Coendou: 
South America); Thyropteridae comprises fi ve species, ofwhich 
only one (Thyropfera frico lor) is found from Brazil to Mexico 
(Neotropics). Caviidea inhabits ecosystems from Argentina to 
southem Panarna, and Dinomyidae is restricted to the Andean 
forests (Patton el al. 2015). Qur rcslIlts do not SlIppOrt 
Phyllostomidae as an endemic family of the NR, because sorne 
of its species oecur in the United States (Neartic region). su eh as 
Choeronycteris me:ácana, LeplOlIycteris nivalis or Macrotus 
ca/{{ornicus (Simmons 2005). 

At the genus level, Noguera-Urbano and Esealante (20 15) 
reported 15 endemic genera of the NR, a number that is here 
increased to 20 Neotropical endemic genera. In contrast , 
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Fig.7. Map afthe Neotropical area of endemism Ae6. 

Proche~ and Rarndhani (2012) reported 89 marnmal genera 
charactenstic of lhe NR, of which 29 are also recogn ised in 
OLlf analyses. We believe the incongruence between our reslIlts 

and !hose of Prochc¡ and Ramdhani (2012) is duc to the use 
of diffcrent critcria to define the NR. Far examplc, Proche~ and 
Ramdhani (20 12) used the degree of match between the taxa 
and zoogeographical regions lo se leet charactenstic laxa; the 
degree se1ected was 'Match 2 0.5 ' . Thus, they defined as 
characteristic taxa those genera that occupy al least 50% of 
the ecoregions in a given zoogeographical rcgion. lllstead. tho 
software NDMNNDM secures the selcction of Ac with as much 
consistency as possible among the sets (areas of endemism) 
and the distributional areas of lhe species (E > 2.0). ln this 
regard, the software NDM/VNDM retains Ae with a high E 
and endemic species with a high 'e'; consequently, small and 
medium-sized distributional arcas are excluded. 

Ln addition to these characteristic genera, Proche§ and 
Ramdhani (2012) mentioned four genera restricted to the NR 
(Didelphis, Procyon, Puma, and Speothos) that were 110t 
detected by our analysis . Currently, the distribution of the 
genera Didelph is, Procyol1 and Puma extends from Callada to 
Argenti.na. This means that they are endemic 10 America. 
However, Didelphis includes the species Dide/phis 11Iarsupialis, 
which is endemic to lhe Ae5. The genus Speolhos includes an 
extant species, Speothos venalicus, which extends from Panama 
to Brazil, northem Argentina, central Bolivia and Paraguay 
(South America). It was not detected in our ana lysis because 
its distributional arca was incongruent with the distributional 
arcas of other species of mammals. 

Each of the Neotropical Ae identified in our analysis 
partially agrees with earlier biogeographie sehemes of the NR 
(Sclater 1858, 1895; Wallace 1876; Cabrera and Willink 1973; 
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Fig. 8. Map of the Neotropical area of endemism Ae7. 

Udvardy 1975 ; Smith 1983; Morrone 2001 b, 20 14a, 20 15; Kreft 
and Jetz, 2010; Hall el al. 20 13). The Neotropical Ae 1 and the 
Neotropieal Ae2 mateh at 38' N (Figs 2, 3), extending beyond 
the northem limit of the NR in Mexieo (Selate r 1858, 1895; 
Wallaee 1876; Cabrera and Willink 1973 ; Udvardy 1975; 
Morrone 200 1 b; Kreft and Jetz 2010; Holt el al. 2013 ; Rueda 
el al. 20 13; Morrane 2004, 20 14a). Escalante el al. (2014 ) 
mentioned that the southern Nearctic regíon (United States) 
has ecologica l similarities to the Neotropical ecosystems of 
Mexico, al10wing somc Neotropical species to extend their 
arcas of distribution to the Nearct ic region. 

Seven Neotrop ical areas (Ae3- 9, Figs 4- 1 O) had a 'Y ' shaped 
northern border formed by the Sierra Madre Oriental and 
Sierra Madre Occidental in Mexico. Those borders have been 
described by other authars (WaUace 1876; Sclater 1895; 
Hershkovitz 1958; Cox 2001 ; Morrone 2004, 20140, 20 15) to 

identify the Mexican transition zone. The Mexican transilion 
zone is a topographica ll y, c1imatically and biogeographically 
complex zonc, with a high numbcr of subareas of endcmism 
(Noguera-Urbano and Escalante 20 15) and species riehness 
(Escalante el al. 20 14), tUl11 0ver of species assemblages 
(Kreft and Jetz, 20 10), and phylogenetie tumover (Holt el al. 
2013), possibly owing to the contact between lhe Nearctic region 
and the NR. 

In South America, the Neotropical Ae l area (Fig. 2) partially 
agrees with the biogeographic schemes of thc NR proposed 
by Morrone (2004, 20 14a , 2015). The differenee resides in 
the fact lhat the Ae 1 is li mited by the eis-Andean lands and 
the northern Patagonia (Argentina), whereas NR by Morrone 
(2004,20 140,2015) includes the Andean mountains (South 
American transition zone) and the central Patagonia (Monte 
province, Argentina). However, the Neotropical Ae2 (Fig. 3) 
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partially agrees wilh the southem NR of Holt el al. (201 3), in 
that its southem boundary is the centre of Bolivia and it 
excludes the Atlantic rainforest. The southem boundary of the 
Neotropiea l Ae4 (Fig. 5) agrees with the NR proposed by Kreft 
and Jetz (20 10), the Neotropical Ae5 (Fig. 6) agrees with Holt 
el al. (20 13), and the Neotropieal Ae7, Ae8 and Ae9 (Figs 8- 10) 
partially agree with Morrone (2004, 20 14a, 2015) in lhal they 
partially exclude the central Andes mountains as well as the 
southem Andes and Palagonia. Morrone (20 14a, 20 15) 
propased that the NR cxcludes the Andcan highlands from 
wcstcm Venezuela to central wcstem Argentina (Sollth American 
transition zone) and southern South America (Andean region). 
The southem Andes and Patagon ia have becn problematic in 
the ir biogeographical defin ition because of lheir transitionaJ 
nature , and, therefore, di fferent names ha ve been adopted 
for this area, ineluding Chilean subregion (Wallaee 1876), 

Palagonian subregion (Selater 1895; Hershkovitz 1958), 
Argent ine (Smith 1983), South American transition zone and 
Andean region (Morrone 2004, 20 140), temperate South America 
(Kreft and Jetz 20 10) and tbe Andean region (Proche~ and 
Ramdhani 20 12). 

With respect to the south-eastern limit of the NR, it is 
inleresting lhal four Neolropical areas (Ae2, Ae3 , Ae4, Ae5) 
did not incJude sorne zones in the south-eastern or eastern Brazil 
(e .g. Caatinga in Ae3 and Ae4, Figs 4, 5). This is important 
becausc those zones have generally been considered as part of 
the NR (Selater 1858, 1895; Wallaee 1876: Cabrera and Willink 
1973; Udvardy 1975; Smilh 1983; Morrone 200 1b, 20 14a; 
Kreft and Jelz 20 10; Holt el al. 2013). Costa el al. (2000) and 
Morrone (20 14u) mentioned that soulh-eastem BraziJ, including 
the entire Atlantic rainforest and the Caatinga regions. 
comprises a distinct biogeographic area from the Amazoruan 
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Fig.IO. Map ofthe Neotropica l area ofendemism Ae9. 

rainforest and the Cerrado. For example, the Caatinga is 
considered a dry savanna, which acts as an environmental 
barrier for sorne mammals (rodents and opossums) because of 
its hOl and dry climate, and a marked seasonal rainfall regime 
(Carmignotto el al. 20 12). The Allantic rainforest is separated 
from the CClTado by extens ive mountain ranges , which act also 
as a barrier restrict ing the distributional range ofsome manunals 
(Carmignotto el al. 20 I 2). 

Overlap of ¡he OAE in ¡he NR 

1t has been propased that the boundaries artbe NR are de limited 
by transitian zones tilat represent areas of biotic averlap 
between the NR and the neighbauring regions (HershkovÜz 
1958; Morrane 2004, 20 14a). The Mexican transitian zane is 
lacated between the Nearctic and Neotropical regians, whereas 
the South American transition zone is located between the 

Neotropical and Andean regions (Hershkovitz 1958 ; Marrone 
2004, 20 I 4a). Low Neotropieal endemism values and high 
va lues of OAE are characteri stie of the complex zones 
(transitional zones). lt is passiblc that the transitional zones act 
as dispersa! barricrs or biotic barriers, constraining thc 
distributianal ranges of Neatropical endemi c mammals and 
affecting the number of endemic taxa around the boundaries 
of the NR . In North Ameriea, Esealante el al. (20 10) showed 
changes in species ri chness al the Mexican transitional zone 
(north of Mexico), with thc number of specics increasing to 
the tra pics. Therefore, it is passible that the temperate climates 
of North America prevent lhe dispersal of Neotropical endemic 
speeies. In South America, Ruggiero el al. (1 998) suggested 
that the land shape and Iikely differences in the hi story of the 
fauna affeet the size and shape ofthe geographical distributions. 
Moreover, the Andean mountains and envirorunental resistance 
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act as barri ers aga inst tbe expansion of distributional areas 
of mammals in the southern halr o f South America. Thus, Ihe 
OAE is likely lo be infl uenced by eco logical, geographi ca l or 
hi storica l processes, which, thererore, tllodulate shape and size 
or the area of lhe NR. 

The results obtained here ror ex tant mammal species suggest 
that lil e boundaries or lhe NR based on Ae vary stri kingly wilh 
lalitude. resulting in signi fica nl di fTerences in Ihe OAE bel:ween 
Ihe lemperate and tropica l biomes. The OAE decreases from Ihe 
EquatoriaJ parallel towards lhe transitiona l zones (above 39°N 
and above 39°S; Fig. 11). The co re zone of lhe OAE and Ihe 
latitudinal grad ient observcd here agrees well with Ihe hypothesis 
of an evoJutionary uniq ueness zone (Ha ll er al. 2013), with 
higher mammal species richness, and phylogenetic di versi ty 
arollnd the Eqllatoria l paralle! (Dav ies alld Buckley 2011 ). 
Possibly, the same hYPolhcses proposed lO explai n Ihe 

latitud inal d iversity gradienl o f mammals il1 Ihe tropics can be 
used to explain Ihe OAE in Ihe NR. Thus, Ihe grad ienl observed 
in Ihe OAE (from lhe Equator decreasing towards lhe lransit ion 
zones to Ihe south and north) may be ex plained by processes 
such as Ihe time-to-speeiation effeet (Ihe longer time s ince the 
Neotropical spec ies eoJonised the region, higher speciat ion 
rates, Jower ex tinction rates, mult iple dispersa l even ls, higher 
cJ imatic stability, lower competilion, higher productivi ty and 
spalial heterogencity; Pianka 1966: Antonell i and Sanmartín 
2011; Rolland el al. 20 14). However, discntangling these 
competing cxplanations would require phylogenetic and 
biogcographic shldies , as \Ve ll as those add ressing Ihe eco logy 
of the spec ies implied. Only considering these hi storieal and 
eco logica l aspects, an inlcgrali ve regional isati on of Ihe NR 
regíon might be ach.i eved. Other sludies taking inlo accounl 
lhe cndemie Ncotro pical mammals are neccssary to go beyond 
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lO spatial cOllgruence (Noguera-Urbano 201 6), and propose 
biologicaJ and eeological explanations for the biotic integration 
of elldemic mammals in Ihe NR. 

Conclusions 

For many years, differenl aulhors (Sclater 1858, 1895: Wallace 
1876; Hersbkovitz 1958; Smith 1983 : Cabrera and Willink 1973 : 
Udvard y 1975: Cox 200 1: Morrone 2oolb, 201 4a , 2015; 
Kreft and Jetz 2010; Holt el al. 201 3) have suggested sehemes 
with spcc ific bO llndarics for Ihe NR. The bOllndaries oflhe rune 
NeolTOpical Ae found in lhe prescnt study based on mammals 
agree wilh severa l schemes of Ihe NR (Sclater 1858, 1895; 
Wallace 1876; Hershkovitz 1958; Udvardy 1975; Kreft and 
Jctz 2010: Holt el al. 2013; Rueda el al. 20 13; Morrone 
201 4a, 20 15), rather than with onJy onc. Therefore, our analysis 
suggests thal, in combinatioll. these Ae are a good represcntation 
ofthe NR as a whole (e.g . overlap oflhe Ae map). Tbus, ifwe 
consider tha! the distributional areas of mammals and other 
biological groups are no! stable over time (Gaston 2003: 
Antonelli and Sanmartín 20J 1), but ratber !llove in response 
to , for example, biological interactions or in concert with 
climati c change, ftucluations in sea level, Ihe movemenl of Ihe 
continents (Holl 200 1), we may suppose Ihal, g iven time, the 
Neotropical endemic species could extend or conlmc! their 
areas of distribution towards Ibe Equatorial parallel or over 
Ihe rransirional zones, modifying Ihe cu rrent picture oftbe NR. 
Several authors have proposed changes in the curren! 
biogeogmpbic patterns. For example, MOI'rone (2014b) 
proposed a biogeographica l regiona lisation of Ihe NR, and 
tested the re lat ionships between Ihe biotic componenls 
(subregio ns and domuins). The author described six major 
evolul"ionary events (Ihe former connection between Ihe Nonh 
Ameri can and South American landmasses, lhe vicariance 
belween the Antilles and I"he rest of Ihe N R, Ibe vicariance 
between Ihe north-westem and soulb-eastem cominental 
componenls af the NR. Ihe vicariance between northern 
Amazonia and Ihe rcmaining areas of the north-eastern 
conlinenla l componenl, Ihe vicanance between south-western 
Amazonia and north-westem South America-Mesoamerica, 
and lhe vicariancc bctwecn Chaco and Parana ) related wilh 
the integratian of subunils in Ihe NR , which has led to a re
organisation of lhe struc ture of lhe NR. However, other faclors 
have also played a role in the evolutioll of the Neotropical 
biodiversity and Ihe origins of the present diversity, such as time 
evolulion, rainfal1 changes, tempcranlrc variations, modifications 
of the geographic arcas, moulltain lIpli ft , hydro logical changes; 
Hoom el (11. 20 10; AntonelJi and San martín 2011 ). 
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Table SI. List of taxa processed 
Number Taxo n Numbcr Taxon 
I Abrall'ayaomys ruschii 55 Akodol1 montensis 
2 AbrocoIJIQ 56 Akodon mys/ax 
3 AbrocomQ benneUii 57 Akodon neocenus 
4 Abrocoma boliviensis 58 Akodon oenos 
5 Abrocoma budini 59 Akodon orophilus 
6 Abrocanlo cinerea 60 Akodon paranaensis 
7 Abrocof1lQ ¡amotina 61 Akodon pervalens 
8 AbrocomG shislacea 62 Akodon philipmyersi 
9 AbrocomQ uspallata 63 Akodon reigi 
10 Abrocon/o vaCCarUf11 64 Akodon sanctipaulensis 
11 Abrocomidae 65 Akodon serrensis 
12 Abrolhrix 66 Akodon siberiae 
13 Abrothrix andinus 67 Akodol1 simula/ar 
14 Abro/hrix hershkovi/zi 68 Akodoll spegazzinii 
15 Abrofhrix il/uteus 69 Akodol1 subfilSCIIS 
16 Abrolhrixjelskii 70 Akod011 surdus 
17 Abrothrix lanosus 71 Akodon sylvanus 
18 Abrothrix longipilis 72 Akodon loba 
19 Abrolhrix markhami 73 Akodon torques 
20 Abrothrix olivaceus 74 Akodol1 vor/us 
21 Abrolhrix sanborni 75 Aloualla 
22 Aconaemys 76 Alouatta arctoidea 
23 Aconaenlys jUSCllS 77 Alol/alla belzebul 
24 Aconael1lys porteri 78 A lOl/al/a earaya 
25 Aconael11ys sagei 79 Alol/alla disco lar 
26 Aegialo/llYs 80 Alol/al/a guariba 
27 Aeg;alol1lYs galapagoensis 81 A lo l/atta juara 
28 Aegialol1lYs xanthaeolus 82 Alollatta maccol1nelli 
29 Aepeomys 83 Alolla/la nigerrima 
30 Aepeomys Il/gens 84 Aloualta palliata 
31 Aepeomys reigi 85 Aloual/a pigra 
32 Akodon 86 Alol/atla puruensis 
33 Akodon aerOSllS 87 Alollatta sara 
34 Akodon aff/nis 88 Alollatta seniculus 
35 Akodon albivenler 89 Alouatla ululata 
36 Akodol1 aliquantulus 90 Ametrida centuria 
37 Akodon azarae 91 Aml1lo!'perl1lophilus harr;sii 
38 Akodon bogo/el/sis 92 Al11111OSpermophilus interpres 
39 Akodon boliviensis 93 AnuJlospermophilus nelsoni 
40 Akodon budini 94 Amorphochilus scJmablii 
41 Akodol1 cursor 95 Amphinectomys savamis 
42 Akodon dayi 96 AndalgalolllYs 
43 Akodon dolores 97 Andalgalo/llYs olrogi 
44 Akodon jil/neus 98 Andalgalo/llYs pearsoni 
45 Akodon iniscalus 99 Andino111ys edax 
46 Akodol1 jllll inensis 100 Al1otomys leander 
47 Akodol1 kofordi 101 Anoura 
48 Akodol1 la/ebricola 102 Anoura caudiJer 
49 Akodon leucoliulnaells 103 Anoura Cliltrata 
50 Akodol1 lindberghi 104 Anoura jis/ula/a 
51 Akodon lulescens 105 Anol/ra geoffroyi 
52 Akodon 11limus 106 Anoura lalidens 
53 Akodon l1lolinae 107 Anoura lllisl1lanueli 
54 Akodol1/11ollis 108 Aotus 
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Number Taxon Number Taxon 
109 AOlus azarae 164 Bassarieyon alleni 
110 Aotus brwllbacki 165 Bassaricyon beddardi 
111 AoluS griseimembra 166 Bassaricyon gabbii 
112 Aotus jorgehernGndezi 167 Bassaricyon lasius 
113 Aotus lemuhnus 168 Bassaricyon pauli 
114 A01US miconax 169 Bassariscus Sll111ichrasli 
115 Aotus nancymaae 170 Bauerus dub iaquerclis 
116 Aotus nighceps 171 Bibimys 
11 7 Aotlls trivirgatus 172 Bibimys chacoensis 
118 Aotus vociferans 173 Bibimys labiosus 
119 Aa/lis zanalis 174 Bibimys torresi 
120 Ardops nichol/si 175 Blarina carolinensis 
121 Ariteus jlavescens 176 Blarina hylophaga 
122 Arlibells 177 Blarinomys breviceps 
123 Artibeus amplus 178 Blastocerus dicllotol1luS 
124 Artibeus Gnderseni 179 Brachyphylln 
125 Artibeus· azteclIS 180 Brachyphylla cavernaruUl 

126 Artibeus cinereus 181 Brachyphylla nalla 
127 Arlibeus conco/ar 182 Brachyleles 
128 Artibeus fimbriatlls 183 Brachyteles arachnoides 
129 Artibells fraterczlllls 184 Brachyleles hypoxanlhus 
130 Artibeus g/auclls 185 Bradypus 
131 Artibeus gnomus 186 Bradypus 10rquauIs 
132 Artibells hirslltus 187 Bradypus Iridactylus 
133 Artibeus inopinalus 188 Bradypus variegalus 
134 Artibeus jamaicensís 189 Brucepattersonílls 
135 ArJibeus liIuratus 190 Brucepattersoníus albínasus 
136 Artibeus obscurus 191 Brucepattersonills griseruftscens 
137 Artibells phaeotis 192 Brucepattersoníus guaraní 
138 Arlibeus p/aniroslris 193 Brucepatlersonius ignivenlris 
139 Artibeus rosenbergii 194 Brucepattersonílls iheringi 
140 Arlibells Ivllecus 195 Brucepatlersoníus misionensis 
141 Artibeus watsoni 196 Brucepattersonius paradislls 
142 Ateles 197 Brucepattersoníus soricinus 
143 Ateles belzebulh 198 Cabassous 
144 Aleles chamek 199 Cabassolls centralis 
145 Aleles jilsciceps 200 Cabassous chacoensis 
146 Aleles geo./lroyi 201 Cabassous la/ouay 
147 Ateles hybridus 202 Cabassolls lfl1icinctus 
148 Ateles margina/lis 203 Cacajao 
149 A/eles paniscus 204 Cacajao ayres; 
150 Atelidae 205 Cacajao calvus 
151 Alelocynus microlis 206 Cacajao hosomi 
152 Auliscomys 207 Caeajao melanoeepha/us 
153 AulísconlYs boliviensis 208 Caeno/estes 
154 Auliscomys pictus 209 Caeno/esfes canivenfer 
155 Aulisc0111YS sublimis 210 Caenoles fes condorensis 
156 Baiol1zys 211 Caeno/estes conve/a/us 
157 Baiomys f11useu/us 212 Caeno/estesfilliginoslls 
158 Baíomys tay/ori 213 Caeno/estidae 
159 Balanliopleryx 214 Callibella humilis 
160 Balantiopteryx infusea 215 Callicebus 
161 Balantiopteryx io 216 Callicebus aureipalatii 
162 Balanliopleryx plicala 217 Callicebus baplisla 
163 Bassarieyon 218 Callieebus barbarabro\Vnae 
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Number Taxon Number Taxon 
219 Callicebus bernhardi 274 Caluromysiops ¡rrupla 

220 Cal/icebus brunnells 275 Calyptophractus relUSllS 

221 Callieebus caliga/us 276 Capromyidae 
222 Callicebus caquetensis 277 Capromys pUorides 
223 Ca/licebus cinerascens 278 Carollia 
224 Callicebus coimbrai 279 Caro/ha brevicauda 
225 Ca/licebus cupreus 280 Carol/ia castanea 
226 Callieebus diseolor 281 Carolha 11101111 

227 Callieebus donaeop/¡i1us 282 Carol/ia perspicillala 
228 Callieebus dubius 283 Carol/ia sowelli 
229 Callieebus hojJillallnsi 284 Caro/lia subruja 
230 Callieebus lueijer 285 Carlerodon sulcidens 
231 Cal/ieebus lugens 286 Catagol1us wagneri 
232 CaWcebus medemi 287 Cavia 
233 Ca/licebus melanochir 288 Cavia aperea 
234 Ca/licebus modeslus 289 Caviajú/gida 
235 Callieebus moloeh 290 Cavia magna 
236 Callieebus nigrifrons 291 Cavia tschudii 
237 Callieebus oe/1a/1lhe 292 Caviidae 
238 Callieebus o/allae 293 Cebidae 
239 Callicebus ornatus 294 Cebuella pygmaea 
240 Callieebus pal/eseens 295 Cebus 
24 1 Ca/licebus personatus 296 Cebus albifrons 
242 Cal/icebus puril1l1s 297 Cebus apella 
243 Callieebus regulus 298 Cebus capucinus 
244 Callieebus stephennashi 299 Cebus eay 
245 Callicebus lorqualus 300 Cebus flavius 
246 Callimieo goeldii 301 Cebus kaapori 
247 Callistol1lys pie/us 302 Cebus libidinosus 
248 Callilhrix 303 Ceblls macrocephallls 
249 Callithrix aurita 304 Ceblls nigritlls 
250 Callilhrix flavieeps 305 Cebus olivaceus 
251 Callithrix geolfroyi 306 Ceblls robllstus 
252 Ca/lilhrix jaeehus 307 Cebus xanthosternos 
253 Callithrix kuhlii 308 Centronycteris 
254 Callithrix penieillata 309 Centronycteris centralis 
255 Calli/riehidae 310 Centronycteris maximiliani 
256 Caloll/ys 311 Centuria senex 
257 Calo11lys boliviae 312 Cerdocyol1 thOllS 
258 Calol1lys cal/idus 313 Cerradomys 
259 Calomys calloslIs 314 Cerradomys andersoni 
260 Calomys expulsllS 315 Cerradomys maracajllensis 
26 1 Cal0111ysJeclIl1dus 316 Cerradomys marinhus 
262 Calo11lys hUfUmelincki 317 Cerradomys scottí 
263 Calon/ys laucha 318 Cerradomys subflavus 
264 Caloll/ys lepidus 319 Chaeodelphys jorll/osa 
265 Calomys musculinus 320 Chaetod;pus arena";us 
266 Calomys sorelllls 321 Chaetodipus artus 
267 Calomys tener 322 Chaelodiplls bai/eyi 
268 Calol1lys tocantinsi 323 Chaetodipus californiclls 
269 CalO111ys venustus 324 Chaelodipus dalquesli 
270 Call1romys 325 Chaetod;pus eremiclls 
271 Caluromys derb ial1us 326 Chaetodipus jallax 
272 Call1romys lanatlis 327 Chaelodiplls goldl1lQni 
273 Caluroll/ys phi/ander 328 Chaetodipus in termedius 
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Number Taxon Number Taxon 
329 Chaetodipus lineatus 384 Coendou nyclhemera 
330 Chaetodipus nelsoni 385 Coendoli prehensilis 
33 1 Chaelodipus penicillalus 386 Coendou quichua 
332 Cllaetodipus pernix 387 Coendou rolhschildi 
333 Chaetodipus rudinoris 388 Coendoli sQnclamartae 
334 Chaelodipus spinatus 389 Conepalus 
335 Chaetomys subspinoslIs 390 Conepatus chinga 
336 Chaelophraclus 391 Conepalus humboldlii 
337 Clwetophractlls na/ioni 392 Conepatus leuconotus 
338 Chaetophractus velleroslls 393 Conepatus semisfriatus 
339 ChaetophraClus villoslts 394 Cormura brevirostris 
340 Chelelllys 395 Corynorhinus mexicanus 
341 Chelemys delflni 396 Corynorhinus rafinesquii 
342 Clre/emys macronyx 397 Cralogeomys 
343 Chelemys megalonyx 398 Cratogeomys caslGnaps 
344 Chibchanomys 399 Cratogeomys jillvescens 
345 Chibchanomys orces; 400 Cratoge01Jlys jlll1lOS11S 
346 Chibchanomys trichotis 401 Cratogeo11lys gold11lani 
347 Chilo11lys instans 402 Cralogeomys merriami 
348 Chi/onala/us 403 Cratogeomys perotensis 
349 Chilonalalus flúcroplls 404 Cralogeomys planiceps 
350 Chilonatalus tumidifrons 405 Cricetidae 
351 Chinchilla 406 Cryptonanus 
352 Chinchilla chinchilla 407 Cryptonanus agricolai 
353 Chinchilla tanigera 408 Cryptonanus chacoensis 
354 Chinchillidae 409 Oyptonanus guahybae 
355 Chinehillula sahamae 410 Cryplonanus unduaviem;;s 
356 Chiroderma 411 Cryptotis a/tieota 
357 Chirodernla doriae 412 Cryplotis brachyonyx 
358 Chiroderma improvisum 413 Cryptolis colombiana 
359 Chiroderma salvini 414 Cryptotis endersi 
360 Chiroderma trinitall/m 415 Cryplolis equaloris 
36 1 Chiroderma villosum 416 Cryptotis gotdlllam 
362 Chironectes minimllS 417 Cryplotis goodlVini 
363 Chiropoles 418 Cryplolis gracilis 
364 Chiropoles albinasus 419 Cryptotis griseovenfris 
365 Chiropotes chiropotes 420 Cryptotis hondurensis 
366 Chiropoles salanas 421 Cryptolis magna 
367 Chiropotes utahickae 422 Cryptotis mayensis 
368 Chlamyphorus lruncallls 423 Cryplolis lIIedellinia 
369 Choeroniscus 424 Cryptotis mera 
370 Choeronisclls godmani 425 Cryptotis meridensis 
371 Choeroniscus minor 426 Cryptolis merriami 
372 Choeronisclls periosus 427 Cryptotis mexicana 
373 Choeronycleris mexicana 428 Cryplolis montivaga 
374 Choloepus 429 Cryptolis nelsoni 
375 Choloepus didaelylus 430 Cryptotis nigrescens 
376 Choloeplls hoffiuanni 431 Cryplotis obscura 
377 Chrotoplerus aurUllS 432 Cryplotis orophila 
378 Chrysocyon brachYllrus 433 Cryptotis peregrina 
379 Clyolllys 434 Cryptolis peruviensis 
380 Clyomys bishopi 435 Cryptotis phillipsii 
381 Clyomys laliceps 436 Cryptolis sqllGmipes 
382 Coendoll 437 Cryptotis lamensis 
383 Coendou bicolor 438 Cryptotis Iholl/asi 
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Number Taxon Number Taxon 
439 Cryplolis Iropicalis 494 Ctenomys lorquGIllS 

440 Ctenomys 495 Ctenomys tuconax 
44 1 Clenomys argenlinlls 496 Ctenomys (ucumanus 
442 Ctenomys Qustralis 497 Ctenomys tulduco 
443 Ctenomys azarae 498 Clenomys validus 
444 Clenomys bergi 499 Ctenomys viperinus 
445 Ctenomys boliviensis 500 Ctenomys yolandae 
446 Clenomys bonetlo; 501 Cuniculus paca 
447 Ctenomys brasiliensis 502 Cuniculus taCZQn01VSh-li 

448 Ctenomys budini 503 Cuscomys ashmúnka 
449 Clenomys colburni 504 Cyclopes didaclylus 
450 Ctenomys coludo 505 Cyl/omops 
451 Ctenomys conover; 506 Cynomops abrasus 
452 Clenomys coyhaiquensis 507 Cynomops green/¡alli 
453 Ctel/omys dorblgl/yi 508 Cynomops mexicanus 
454 Clenomys dorsalis 509 Cynomops parm11ls 
455 Clenomys emilial1l1s 510 Cynomops planirostris 
456 Ctenomys jamoslls 511 Cynomys gunnisoni 
457 Clenomysj/Glllarioni 512 Cynomys meXiCal111S 
458 Ctel/oll/ys jochi 513 Cynomys parvidens 
459 Ctenomys jodax 514 Cyllarops a/eclo 
460 Ctenoll/ys fraler 515 Dacty/omys 
461 Ctenomys ji.ilvlIs 516 Dactylomys boliviensis 
462 Ctenomys goodjellolVi 517 Dacty/omys dactylinus 
463 Ctenomys haigi 518 Daclylomys peruanus 
464 Ctenomys johannis 519 Dasypodidae 
465 Clenomys juris 520 Da;yprocla 
466 C/el/oll/ys knighti 521 Dasyprocta azarae 
467 Clenomys lami 522 Dasyprocta coibae 
468 Ctenomys lalro 523 Da.syprocla cristala 
469 Ctenomys leucodon 524 Dasyprocta ji.iliginosa 
470 Clenomys lewisi 525 Dasyprocta guamara 
471 Ctenomys magellaniclls 526 Dasyprocta kalinowskii 
472 Clenomys maulinlls 527 Dasyprocta leporina 
473 Clenomys mendocinus 528 Dasyprocta mexicana 
474 Ctenomys minulus 529 Dasyprocla pryll/l1%pha 
475 Ctenomys occultus 530 Dasyprocta punctata 
476 Clenomys opimus 531 Da.syprocta rualanica 
477 Ctenomys osvaldoreigi 532 Dasyproctidae 
478 Clenomys pearsOfú 533 Dasyplls hybridlls 
479 Ctenomys perrensi 534 Dasyplls kapp/eri 
480 Ctenomys perllanus 535 Dasypus noveJ1zcinctus 
481 Clenomys pilarel1sis 536 Da,ypllspi/oslIs 
482 Ctenoll/ys pOl/lifex 537 Dasypus sabanicola 
483 Clenomys porteolisi 538 Dasypus seplenlcinctus 
484 Ctenomys pUl1dli 539 Dasyplls yepesi 
485 CteU01llys rionegrensis 540 De/oll/Ys 
486 Ctenomys roigi 541 Delomys collinus 
487 Ctenomys saltarius 542 Deloll/Ys dorsalis 
488 Ctenomys scagliai 543 Delomys sublineatus 
489 Clenomys sericeus 544 Deflamys kel7lpi 
490 Ctenomys sociabilis 545 Desmodus rotundus 
491 Clenomys steinbachi 546 Diaellllls yOllngi 
492 Ctenomys sylvall11s 547 Dic!idurus 
493 Ctenomys talarllm 548 Dic!idurus albus 
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Number Taxon Number Taxon 
549 Diclidurus ingens 604 Eplesiclls innoxius 
550 Dic!idurus isabellus 605 Eremoryzomys polius 
551 Diclidurus sculalus 606 Erelhizonlidae 
552 Dide/phis albiventris 607 Erophylla 
553 Dlde/phis al/rita 608 Erophylla bombifrons 
554 Dide/phis imperfecta 609 Erophylla sezekorni 
555 Dide/phis marsupialis 610 El/lIlops 
556 Dlde/phis pernigra 611 Eumops Guripendulus 
557 Dinomys branickii 612 Eumops bonariensis 
558 Dlphylla ecaudata 613 EUl1Iops dabbenei 
559 Dip/olllys 614 EutllOpsjloridanus 
560 Dip/olllys caniceps 615 Eumops glaucil1l1s 
561 Dlp/omys labilis 616 Eumops hansae 
562 Dipodomys agilis 617 El/mops mOltrllS 

563 Dipodomys compae/us 618 El/mops patagonicus 
564 Dipodol7lYs deserli 619 EUl110ps perotis 
565 Dipodomys elator 620 El/mops tnullbulli 
566 Dipodomys gravipes 62 1 EUl1lops underwoodi 
567 Dipodomys heermanni 622 Euneomys 
568 Dipodomys ingens 623 Euneomys chinchilloides 
569 Dipodomys insularis 624 EUl1eomys Jossor 
570 Dipodomys margaritae 625 Euneomys mordax 
571 Dipodomys merriami 626 Ellneomys petersoni 
572 Dipodomys nelsoni 627 Ellphractus sexcinctus 
573 Dipodomys ni/ra/oides 628 Euryoryzomys 
574 Dipodomys panamintil1lls 629 Euryoryzonlys el1ll1lOnsae 
575 Dlpodolllys phillipsii 630 ElIryoryzomys lamia 
576 Dipodomys simulans 631 Euryoryzomys lega/lis 
577 Dlpodolllys spectabi/is 632 Euryoryzomys macconnelli 
578 Dlpodolllys stephensi 633 Euryoryzomys nitidus 
579 Dipodomys venllstus 634 Euryoryzomys russatus 
580 Do/ic/¡otis 635 ElIryzygomalomys spinoslls 
581 DolicJlOtis patagonum 636 Furipteridae 
582 Dolichotis salinicola 637 Furipterus IlOrrens 
583 Dromiciops gliroides 638 Ga/ea 
584 Echimyidae 639 Ga/eajlavidens 
585 Echimys 640 Galea monasteriensis 
586 Echimys chrysurus 641 Galea musleloides 
587 Echimys saturnus 642 Galea spixii 
588 Echimys vieirai 643 Ga/enomys gar/eppi 
589 Echinoprocta rufescens 644 Galictis 
590 Ectophylla alba 645 Galictis cuja 
591 Eira barbara 646 Galiclis vil/ala 
592 Eligmodontia 647 Geocapromys 
593 Eligmodonlia moreni 648 Geocapromys brownú 
594 EI;gl1lOdontia morgani 649 Geomys arenarius 
595 Eligmodontia puerlllus 650 Geomys attwateri 
596 Eligmodontia Iypus 651 Geomys breviceps 
597 Enchisthenes har/;; 652 Geomys Imoxjouesi 
598 Eptesiclls andim/s 653 Geomys personatus 
599 Eptesiclls brasiliensis 654 Geomys pineJis 
600 Eptesiclls chiriquinus 655 Geomys texensis 
601 Eptesiclls diminutus 656 Geomys tropicalis 
602 Eplesicus furinalis 657 Geoxlls valdivianus 
603 EptesiclIs guadeloupensis 658 Glironia venusta 
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659 Glossophaga 714 Histiotus laephotis 
660 Glossopllaga cOl11missarisi 715 Histiofus macrotlfs 
66 ] Glossophaga leachii 716 Hisliolus magellanicus 
662 Glossophaga longirostris 717 Histiotus 11lontall11S 

663 Glossopllaga morenoi 718 Histiofus ve/atlls 
664 Glossopllaga sor;cinG 719 Hodoll/Ys alleni 
665 Glyphonycleris 720 Holochilus 
666 Glyphonyeteris behnii 721 Holochilus brasiliensis 
667 Glyphonyeteris daviesi 722 Holocl1ilus chacarius 
668 Glyphonycleris sylves/ris 723 Holochi/us sciureus 
669 Gracilinal1l1s 724 Hoplomys gymllurus 
670 Gracilinanus aceranlarcae 725 Hydrochoerus 
67 ] Gracilinanus agilis 726 Hydrochoerus hydrochaeris 
672 Gracilinanus dryas 727 Hydrochoerus islhlllius 
673 Gracilinall11s emiliae 728 Hyladelphys kalinowskii 
674 Gracilinanus marica 729 Hylaeal1lYs 
675 Gracilinanus microLarslIs 730 Hylaeal1lYs acritus 
676 Graomys 73 1 Hylaeall/Ys la/iceps 
677 Graomys centralis 732 Hylaeamys megacephalus 
678 Graomys domorum 733 Hylaeamys oniSCllS 
679 Graomys edilhae 734 Hylaeamys perenensis 
680 Graomys griseojlavus 735 Hylaeal1lYs tatei 
68 ] Habrol1lYs 736 Hylaeal1lYs yunganlls 
682 Habromys chinanfeco 737 Hylonycteris underwoodi 
683 Habrol1lYs delicatulus 738 leh/hyol1lYs 
684 Habromys ¡xl/ani 739 lch/hyol1lYs hydroba/es 
685 Habromys lepturus 740 Ichthyomys piltieri 
686 Habromys lophurus 74 ] lchthyomys sfolzmanni 
687 Habroll/Ys sehmidlyi 742 lch/hyol1lYs nl'eedii 
688 Habromys simula fus 743 ldionycteris phyllotis 
689 Handleyomys 744 lrenomys larsalis 
690 Iiandleyomys alfaroi 745 lso/hrix 
691 Handleyo111Ys chapmani 746 Isothrix barbarabrownae 
692 Handleyomys ji/seatus 747 lsofhrix bistriata 
693 Handleyomys infeclus 748 lsothrix negrensis 
694 Handleyomys me/anolis 749 lsol/¡rix pagurus 
695 Handleyol1lYs rhabdops 750 Isot/¡rix sinnamariensis 
696 Handleyomys rosfrafus 75 1 Isth1110mys 
697 HandleyolllYs saturatior 752 ls/hmon/ys jlavidlls 
698 H erpai lurus yagouaroundi 753 Isthmomys pirrensis 
699 Heteromys 754 Juliomys 
700 Heteromys anoma/lis 755 Jllliomys pictipes 
70 ] Heteromys australis 756 Jllliomys rimofrons 
702 Heteromys desmarestianus 757 Juscelino1'11Ys 
703 Heteromys gallllleri 758 Jllscelinomys guaporensis 
704 Heteromys nelsoni 759 Jl{scelinol11ys huanchacae 
705 Heteromys oasicus 760 Kannabateomys Gl11b/yonyx 
706 Heteromy,s· oresterus 761 Kerodon 
707 Heteromys te/ells 762 Kerodon acrobafa 
708 HippocGmelus 763 Kerodon rupestris 
709 Hippocamellls antisensis 764 Kunsia 
710 Hippocame/lIs bisu/cus 765 KUl1sia fronto 
711 HistiotllS 766 Kunsia tomentosus 
712 HisliotllS aliel1lis 767 Lagidúml 
713 Histiotus 1t1l11lboldti 768 Lagidiu11l peruanu1Jl 
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769 Lagidium viseacia 824 LOl1chophylla bokermal1ni 
770 Lagidium lVoljftohl1i 825 LOl1chophylla chocoana 
77 1 Lagoslol1lus maximus 826 LOl1chophylla concava 
772 Lagothrix 827 Lonchophylla dekeyseri 
773 Lagothrix cana 828 Lonchophylla handleyi 
774 Lagothrix lago/richa 829 LOl1chophylla hesperia 
775 Lagothrix lugens 830 Lonchophylla mordax 
776 Lagothrix poeppigii 831 Lonchophylla orcesi 
777 Lanla guanicoe 832 Lonchophylla robusta 
778 Lampronycteris brachyotis 833 Lonchophylla thomasi 
779 Lasiurus alra/us 834 Lonchorhina 
780 Lasiurus castaneus 835 LonchorhinG al/rita 
78 1 Lasiurus degelidus 836 Lonchorh ¡na fernandezi 
782 Lasiurus ebe17lls 837 Lonchorhina inllsitala 
783 Lasiurus ego 838 Lonchorhina marinkellei 
784 Lasiurus egregills 839 Lonchorhina orinocensis 
785 Lasiurus insularis 840 LOl1chothrix emiliae 
786 Lasiurus infermedius 841 Lantro longicaudis 
787 Lasiurus minor 842 Lonlra provocax 
788 Lasiurus pfeifferi 843 Lopl1ostoma 
789 Lasiurus varius 844 Lapllas/oma aequatorialis 
790 Lasiurus xQnthinus 845 Lophostoma brasiliense 
79 1 Lenoxus apicalis 846 Lophostoma carrikeri 
792 Leontopitheclls 847 Lophostoma evotis 
793 Leonlopilheclls caissara 848 Lophostoma schulzi 
794 Leontopitheclls chrysomelas 849 Lophostoma silvicoll/m 
795 Leon/opithecus chrysopygus 850 Lophostoma yasllni 
796 Leontopitheclls rosalia 851 Loxodonlomys 
797 Leopardus 852 Loxodontomys microplls 
798 Leopardus colocolo 853 Loxodonlonlys pik7lmche 
799 Leopardus geojJroyi 854 Lundomys molitor 
800 Leopardus guigna 855 Llllreolina crassicalldafa 
801 Leopardus jacobita 856 Lyncodon patagonicus 
802 Leopardlls pardalis 857 Macrophyllum macrophyllulII 
803 Leopardus tigrinus 858 Alacrofus 
804 Leopardus wiedii 859 lvfacrotlls californiCl/s 
805 Leptonycteris 860 A1acrotus lI'aterhousii 
806 Leplonycteris Cllrasoae 861 Makalata 
807 Leptonycteris nivalis 862 Makalata didelphoides 
808 Leplonycteris yerbabuenae 863 Alakalala macrura 
809 Leplls al/eni 864 Makalata rhipidura 
810 Lepus callolis 865 Alarmosa 
811 Leplls jlavigularis 866 lvfarmosa alslon; 
812 Leplls insularis 867 Marmosa andersoni 
813 Lestodelphys halli 868 Alarmosa conslanliae 
814 Lestoros inca 869 lvfarmosa demerarae 
815 Lichonycleris obscura 870 Marmosa lepida 
816 Liomys 871 Alarmosa mexicana 
817 Liomys adsperslls 872 lvfarmosa murina 
818 Liomys irroratus 873 lvJarmosa paraguayanus 
819 Liomys pictllS 874 Alarmosa phaea 
820 Liomys salvini 875 lvfarmosa quichua 
821 Liomys speclabilis 876 A1armosa regina 
822 Liol1ycteris spurrelli 877 Ivfarmosa robinsoni 
823 Lonchophylla 878 NJarmosa rubra 
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879 Allarmosa tyleriana 934 A1ico hllmeralifer 
880 Marmosa xerophila 935 lvfico inlermedius 
88 1 NJarnlOsops 936 .Mico leucippe 
882 Mar11losops bishopi 937 lvJico manicorensis 
883 NJarmosops cracens 938 .~;fico marcai 
884 Marmosops creightoni 939 lv/ico malles; 
885 Marmosops jÍlseallls 940 A1ico melanurus 
886 Marmosops handleyi 94 1 lvJico nigriceps 
887 MarnlOsops impavidus 942 /v1ico rondani 
888 l\1armosops ;ncanus 943 lv/jeo solerei 

889 NJarnlOsops invicLus 944 A1icroakodol11onlYs Iransilorius 
890 Marmosops j1m il1ensis 945 Microcavia 
89 1 Marmosops neblina 946 A1icrocavia oustralis 
892 Marmosops 110clivagus 947 /vlicrocavia niata 
893 Marmosops ocellafus 948 A1icrocavia shiptoni 
894 Marmosops parviden,..,' 949 Mierodipodops pallidus 
895 Marmosops pou lensis 950 Iv/icronycteris 
896 Marmosops pinheiroi 95 1 /vlicronycferis bros'seli 
897 Mazama 952 Alicronycteris hirsuta 
898 A1azama americana 953 /vlicronycteris ma/ses 
899 Mazama bororo 954 AlJicronycleris megalotis 
900 Mazama bricenii 955 /vlicronycferis microtis 
90 1 A1azama chunyi 956 .~licronycteris minuta 
902 Alazama gOllazoubira 957 .~licronycleris sanborni 
903 Mazama nana 958 AlJicronycteris schl1údtoru11l 
904 Alfazama ne11l0rivaga 959 Alicroryz011lys 
905 Mazama pan dora 960 AlJicroryzol1lys altissimlls 
906 Alfazama rujina 96 1 Microryzomys I1Jinu lus 
907 N/azama temamG 962 Allicrosciurus 
908 Megadontomys 963 Alicroscillrlls alfari 
909 MegadontolllYs cryophillls 964 AlJicrosciurus jlaviventer 
910 Megadontomys nelsoni 965 Alieroseillrus l1Iimullls 
911 Megadontomys tlzomasi 966 AlJicrosciurus sanlanderensis 
912 ivJegasorex gigas 967 Aliero/us gllalemalensis 
913 MelQJlO111ys 968 A1iero/lIs mexicanus 
914 Melanomys caliginoslls 969 AlicrO/llS oaxacensis 
915 Melanomys robus/ulus 970 /vlierofus qllasia/er 
916 Melanomys zunigae 97 1 Alicro/lIs umbrosus 
917 Meplzilis macroura 972 /vlimon 
918 Alesocaprolllys 973 Alimon bennettii 
919 Mesocaprolllys angelcabrerai 974 /vlimon cozllmelae 
920 Mesocaprolllys auritus 975 Alimon crel1ulatwlI 
92 1 A1esocapronlys nanus 976 Mimon knepekeae 
922 Mesomys 977 Alindomys haml1londi 
923 Mesomys hispidus 978 Molossops 
924 Mesomys leniceps 979 Alolossops aequa/orianlls 
925 Nfesomys oceultus 980 Alolossops mattogrossensis 
926 N/esomys sti11lulax 98 1 Molossops neg/eelus 
927 Mesophylla l7Ioceonnelli 982 Alolossops /ef1l11linekii 
928 Metachirus nudicallda/llS 983 AI/olossus 
929 Mico 984 Alolosslls aztecllS 
930 Mico acariens;s 985 A101ossus barnesi 
93 1 Alieo argenlatus 986 Alolosslls coibensis 
932 Mico clzrysoleuclls 987 AI/olossus currentium 
933 Nfieo emiliae 988 Molosslls molossus 

Page 10 of 18 



133 
 

  

AlIstralian Systel1latic Botany, 20 17, 30, 470-484 ©CSIRO 20 17 
doi:10.107I1SBI6053 AC 

Number Taxon Number Taxon 
989 ¡\;[01055115 pretiosus 1044 Myotis levis 
990 A1olossus ruflis 1045 Myotis lJIarNniquensis 
99 1 MolosSllS sina/oae 1046 Myotis nesopolus 
992 lvIonode/phis 1047 Myotis n;gricans 
993 A1ol1odelphis adusta 1048 Jvfyotis occultus 
994 MOl1odelphis americana 1049 Myotis OxyOtllS 
995 A:fol1odelphis brevicaudata 1050 Ñ{yoJ¡s peninsularis 

996 lvIonode/phis dilllidiata 1051 lvIyotis planiceps 
997 Afol1odelphis domestica 1052 Myotis riparius 
998 MOl1odelphis emiliae 1053 Myotis rllber 
999 Alol1odelphis glirina 1054 Nlyotis simus 
1000 lvIonode/phis handleyi 1055 Myotis velifér 
1001 Monodelphis iheringi 1056 Aiyotis vivesi 
1002 Monodelphis kllnsi 1057 Myrl1lecophaga tridactyla 
1003 ¡\¡fol1odelphis maraxina 1058 Myrmecophagidae 
1004 lvIonodelphis osgoodi 1059 Mysateles gllndlachi 
1005 Monodelphis pa/lio/ata 1060 Mysateles melanurus 
1006 lvIonode/phis reigi 106 1 Mysateles meridionalis 
1007 lvIollode/phis ronaldi 1062 Mysateles prehensilis 
1008 Monodelphis rllbida 1063 NasuG 
1009 Monodelphis scalops 1064 Nasua narica 
10 10 Alol1odelphis theresa 1065 NasuG nGsua 
IO ll A1onodelphis 1I11lbristriafus 1066 Nasuella olivacea 
1012 A1onodelphis unisfhafus 1067 Natallls 
1013 Monophylllls 1068 Nata/lis e[)pirilosantensis 
10 14 lvIonophylllls ple/hodon 1069 Nata/us jamaicensis 
1015 A;fonophyllus redmani 1070 Nata /us /anatus 
1016 Mormoopidae 1071 Nata /lis majar 
1017 Mormoops 1072 Nata/us mexicanus 
10 18 A;formoops blainvillei 1073 Nata /us primlls 
1019 Mormoops lIIegalophylla 1074 Nata /lis stramineus 
1020 Mormoplenis kalinowskii 1075 Nata/us lumidiroslris 
102 1 A;formopterus minutus 1076 Neacotllys 
1022 A;formopterus phrlldus 1077 Neacomys dubosti 
1023 lVfllsonycteris harrisoni 1078 Neacomys guianae 
1024 Mustela ajr;cana 1079 Neacomys minutus 
1025 MlIstelaJelipei 1080 Neacotllys nlusseri 
1026 Myocastor COypllS 1081 Neacomys paracoll 
1027 Myoprocta 1082 Neacomys picJus 
1028 Myoprocta acollc¡'y 1083 Neacomys 5pinosus 
1029 lvIyoprocta pratti 1084 Neacol1/ys tenllipes 
1030 Myotis aelleni 1085 Necromys 
1031 Myotis a/bescens 1086 Necromys amoenus 
1032 Jvlyotis atacamensis 1087 Necromys benejacfus 
1033 1\4yotis auricu/us 1088 Necromys /actens 
1034 Myotis austroriparius 1089 Necrolllys lasillrus 
1035 Myolis chiloensis 1090 Necromys lenguarul1l 
1036 lvfyotis cobanensis 109 1 Necromys obscurus 
1037 Myotis dinellii 1092 Necromys punctll/atus 
1038 Myolis dominicensis 1093 Necromys temcllUki 
1039 Myotis elegans 1094 Necrofl/ys ur;chi 
1040 lvIyotis findleyi 1095 Nectomys 
1041 Myotis jortidens 1096 Neclomys apicalis 
1042 l\1yOlis grisescens 1097 Nectomys magdalenae 
1043 lvfyotis keaysi 1098 Nectomys palmipes 
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1099 Neclomys rattus 1154 Nyctinol1lOpsJeJJlOrOSaCcus 
1100 Nectomys squanúpes 1155 Nyctinolllops laticaudafus 
1101 Ne/sonia 1156 Nyctinol1lops macrolis 
1102 Nels01úa goldmani 1157 NYCt0111YS sumichrasti 
1103 Ne/sonia neotomodon 1158 Oelirolomys 1111t1alli 
1104 Neojiber alleni 1159 OelOdon 
1105 Neonycteris pusilla 1160 Oelodon bridgesi 
1106 Ne%ma aibigllia 1161 Oc/odon deglls 
1107 Neotoma angustapalata 11 62 Delodon IUl1atus 
1108 Neotoma bryanti 1163 Oc/odon paciflclls 
1109 Neo/ama chrysomelas 1164 Oc/odonlidae 
1110 Neo/ama devia 1165 Oc/odon/olllys gliroides 
1111 Neotoma goldmalli 1166 Octomys l1úmax 
1112 Neolama leucodon 1167 Oecamys 
1113 Neo/ama macrotis 1168 Oecomys Quyantepui 
1114 Neo/ama mexicana 1169 Oecomys bicolor 
1115 Neo/ama micropus 11 70 Oecomys calhehnae 
1116 Neolama nelsoni 1171 Oecomys deberi 
1117 Neo/ama pa/aUna 1172 Oecomys conco/ar 
1118 Neofoma phenax 1173 Oecomys flavicans 
1119 Neolama slephensi 1174 Oecomys mamorae 
1120 Neolomodon a/stoni 11 75 Oecomys parico/a 
1121 Neotomys ebrioslls 11 76 Oecomys phaeotis 
1122 NepheiolllYs 1177 Oecomys rex 
1123 NephelolllYs oibigularis 11 78 Oecomys roberli 
1124 Nephe/omys auriventer 1179 Oecomys rutilus 
1125 Nephelomys caracolus 1180 Oecomys :,pecioslls 
1126 Nephelomys devius 1181 Oecomys sllperans 
1127 NepheiolllYs keaysi 1182 Oecomys trinitatis 
1128 NephelolllYs levipes 1183 Olallamys 
1129 Nephe/omys meridensis 1184 Oiailalllys aibicauda 
1130 NesoryzonJys 1185 Oiallamys edax 
1131 Nesoryzo11lys fernandi nae 1186 Oligoryzomys 
1132 Nesoryzo11lys narboroughi 1187 Oligoryzomys andinus 
1133 Nesoryzomys swarlhi 1188 Oligoryzomys arenalis 
11 34 Nellstico11lys 1189 Oligoryzolllys brendae 
1135 Neusticomys ferreirai 1190 Oligoryzonlys chacoensis 
1136 Neuslicomys nlOnlicolus 1191 Oligoryzolllys deilicola 
1137 Nellsticomys 11I11ssoi 1192 Oligoryzomys destructor 
1138 Neuslicomys oyapocki 1193 Oligoryzomys elillrlls 
11 39 Neusticomys peruviensis 1194 Oligoryzolllys jlavescells 
1140 Neuslicomys venezue/ae 1195 Oligoryzomys lomesi 
1141 Noclilio 1196 Oligoryzolllysfillvescells 
1142 Noctilio albiventris 1197 Oligoryzomys griseo/lis 
1143 Noctilio leporinus 1198 Oligoryzomys iongicalldallls 
1144 Notiomys edlllardsii 1199 Oligoryzomys magellaniclls 
1145 Notiosorex 1200 Oligoryzomys microtis 
1146 Notiosorex cockrumi 120 1 Oligoryzonlys I1lOojeni 
1147 Notiosorex crGll10rdi 1202 Oligoryzolllys "igripes 
1148 Notiosorex evotis 1203 Oligoryzonlys rupestris 
1149 Noliosorex villai 1204 Oligoryzomys slramineus 
1150 Nycticeius cubanus 1205 Oligoryzomys vegelus 
1151 Nyctieillls iepidlls 1206 Onychomys arenicola 
1152 Jllyclinomops 1207 Oreonax jlavicauda 
1153 Ny ctinomops aurispinoslls 1208 Oreoryzomys balneator 
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1209 Orthogeolllys 12M PeromysclIs califonúclIs 
1210 Orthogeomys cavator 1265 PeromysclIs difficilis 
1211 Orthogeomys cherhei 1266 Peromysclls eremicus 
1212 Orlhogeomys Clll1iculllS 1267 PeromysclIs evo 
1213 Orthogeomys dariensis 1268 Peromysclls fraterculus 
1214 Orlhogeolllys grandis 1269 Peromysclls jilrvus 
12 15 Orlhogeomys helerod/ls 1270 Perotllyscus gos5ypinus 
1216 OrthogeolllYs hispid/ls 127 1 Peromysclls grand;s 
1217 Orthogeomys loni1l5 1272 Peromysclls gratus 
1218 Orlhogeomys lIIalaga/pae 1273 Peromysclls guardia 
1219 Orthogeolllys thae/eri 1274 Peromysclls guatel11alensis 
1220 Orthogeomys undenvoodi 1275 Peromysclls gymnotis 
122 1 Oryzomys couesi 1276 Peromysclls hooperi 
1222 Oryzomys dimidia/lis 1277 Peromysclls hyloceJes 
1223 Oryzolllys gorgasi 1278 PeromysclIs levipes 
1224 Osgoodomys banderanus 1279 Peromysclls madrensis 
1225 Olonyclol1lyS halli 1280 Peromysclls mayensis 
1226 OIOly/OlllyS phyllolis 128 1 Peromysclls megalops 
1227 Oxymycterus 1282 Peromysclls mekisturus 
1228 Oxynlycterus akodontills 1283 Peromysclls me/anocarpus 
1229 Oxyfllyclerus anlazonicus 1284 Peromyscus l1/e/anophrys 
1230 Oxymycterus angularis 1285 Peromysclls 111e/anotis 
123 1 OXylllycterus caparoae 1286 Peromysclls me/anurus 
1232 Oxynlycterus dasytrichus 1287 Peromysclls merriami 
1233 Oxyl11yclerllS de/alar 1288 Peromyscus mexicanlls 
1234 Oxylllyclerus hiska 1289 Peromysclls nasutlls 
1235 Oxyl1/ycterus hispidlfS 1290 Peromysclls ochraventer 
1236 Oxylllycterlls hllcllcha 129 1 Peromysclls pectora/is 
1237 Oxy11lycterus inca 1292 Peromysclis perfu/vus 
1238 Oxylllycterus josei 1293 Perolllyscus polionotus 
1239 OXylllycterus nasutus 1294 Peromysclls po/ius 
1240 O-')'/llycterlls paral1Jel1sis 1295 Peromyscus sagax 
1241 Oxymycterus quaestor 1296 Peromyscus schnlidlyi 
1242 OXyJ11ycterus roberti 1297 Peromysclls simu/lls 
1243 Oxymycterus rufus 1298 Peromysclls spici/eglls 
1244 Ozoloceros bezoarticlls 1299 Peromyscus stirloni 
1245 Pan/llera onca 1300 PeromysclIs winke/manni 
1246 Pappogeolllys 1301 Peromysclls yucatanicus 
1247 Pappogeomys a!corni 1302 Peromyscus zarhynclms 
1248 Pappogeomys blll/eri 1303 Peropleryx 
1249 Para/olllys gerbillus 1304 Peropteryx kappleri 
1250 Pattol1omys 1305 Peropteryx !eucoplera 
125 1 Pattonomys occasius 1306 Peropteryx llIacrolis 
1252 Patton01l1ys senlivi/loSllS 1307 Peropteryx trinitatis 
1253 Pearsonomys annectens 1308 Phaenomys ferrllgineus 
1254 Pecari tajacll 1309 Phi/ander 
1255 Pennatomys nivalis 1310 Phi/ander andersoni 
1256 Perognalhlls alticollls 1311 Phi/ander dellae 
1257 Perognafhus amp/us 13 12 Philander frena/us 
1258 Perognathus inornatus 1313 Phi/ander Illci/hennyi 
1259 Perognathlls merriami 1314 Phi/ander llIondoljii 
1260 Peromysclls aftwateri 1315 Philander olrogi 
126 1 Peromysclls azleCllS 1316 Phi/ander 0POSSlIlll 
1262 Perol1lyscus beatae 1317 Phylloderllla slenops 
1263 Peromysclls bulla/lis 1318 PhyllolllYs 
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13 19 Phyllomys blail1villii 1374 Platyrrl1inus maSll 
1320 Phylloll/ys brasiliensis 1375 Platyrrhil111s matapalensis 
1321 Phyllomys dasy/hrix 1376 Plalyrrhinlls l1igellus 
1322 Phyllomys kerri 1377 Platyrrhinus reciflnus 
1323 Phyllomys lall/arl/m 1378 Platyrrhinus 1I1llbrafus 
1324 Phyllomys ll/ndi 1379 Platyrrhinus villa/us 
1325 Phyllomys manliqueirensis 1380 Podomys jloridal1l1s 
1326 Phyllomys medius 1381 Podoxymys roraimae 
1327 Phyllomys nigrispinus 1382 Potas jlavus 
1328 Phyllomys pattoni 1383 Priodonfes maxifllUS 
1329 Phyllomys tholl/asi 1384 Procyon concrivorus 
1330 Phyllomys l/ni color 1385 Procyol1 pygmaells 
1331 Phyllonycteris 1386 Proechimys 
1332 Phyllonyc/eris aphylla 1387 Proechimys brevicauda 
1333 Phyllonycteris poeyi 1388 Proechimys canicollis 
1334 Phyllops falcatus 1389 Proechimys chrysaeolus 
1335 Phyllos/omidae 1390 Proechimys ClIvieri 
1336 Phyllostollllls 1391 Proechinlys deCUlllQJWS 
1337 Phyllostomlls discolor 1392 Proechimys echinolhrix 
1338 Phyllostollllls elongatlls 1393 Proechimys gardneri 
1339 PhylloSIOll/lIS hasla/us 1394 Proechimys goeldii 
1340 Phyllos/oll/lIS lalifolills 1395 Proechimys guairae 
1341 Phyllotis 1396 Proechimys guyannensis 
1342 Phyllotis amicus 1397 Proechimys hoplomyoides 
1343 Phyllolis al1diulI/ 1398 Proechimys kulinae 
1344 Phyllotis anitae 1399 Proechimys longicaudatlls 
1345 Phyllolis bonariensis 1400 Proechimys magdalenae 
1346 Phyllotis caprinlls 140 1 Proechimys mincae 
1347 Phyllolis danvini 1402 Proechimys oconnelli 
1348 Phyllolis dejinitus 1403 Proechimys pattoni 
1349 Phyllotis haggardi 1404 Proechimys poliopus 
1350 Phyllolis lill/atus 1405 Proechimys quadruplicatlls 
1351 Phyllotis II/agister 1406 Proechimys roberti 
1352 Phyllolis osgoodi 1407 Proechimys semispinosus 
1353 Phyllolis osilae 1408 Proechimys simonsi 
1354 Phyllotis 1I'0IfJs0hlli 1409 Proechimys steerei 
1355 Phyllotis xant/¡opyglls 1410 Proechimys trinita/us 
1356 Pipanacoctomys aureus 1411 Proechimys urichi 
1357 Pifhecia 1412 Promops 
1358 Pilhecia aequatorialis 1413 Promops centralis 
1359 Pithecia irrorata 1414 Promops nasutus 
1360 Pithecia monachus 1415 Pseudalopex 
1361 Pi/hecia pithecia 1416 Pseudalopex culpaeus 
1362 Pifheciidae 1417 Pselldalopex jillvipes 
1363 Plagiodonlia aedium 1418 Pseudalopex griseus 
1364 Platalina genovensium 141 9 Pseudalopex gymnocerclls 
1365 Platyrrhinlls 1420 Pseudalopex sechurae 
1366 Platyrrhinus albericoi 1421 Pseudalopex ve/ulus 
1367 Plalyrrhinus aurarius 1422 Pseudoryzo11lys simplex 
1368 Pla/yrrhinlls brachycephallls 1423 Pterol1otus 
1369 Platyrrhinus chocoensis 1424 Plerono!lIs davyi 
1370 Platyrrhinlfs dorsalis 1425 Pteronotus gynmonotus 
1371 Platyrrhinus infilsclls 1426 Pteronotus macleayii 
1372 Platyrrhinlls ismaeli 1427 Plerol1olus paraguanensis 
1373 Pla/yrrhinus lineatlls 1428 Pteronotus parnellii 
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Number Taxon Number Taxon 
1429 PieroffoLus personalus 1484 Rhipidomys macrurus 
1430 Pterol1otus quadridens 1485 Rhipidomys masfacalis 
1431 Pleronura brasiliensis 1486 Rhipidomys modicus 
1432 ?udll 1487 Rhipidolllys nilela 
1433 PlIdu mepluslophiles 1488 RhipidollJYs ochrogaster 
1434 ?udll puda 1489 Rhipidomys vellezuelae 
1435 PUl10mys 1490 Rhipidomys venustus 
1436 PlInomys kofordi 1491 Rhipidomys wefzeli 
1437 Punomys lemminus 1492 Rhogeessa 
1438 Pygoderllla bilabiallllll 1493 Rhogeessa Oel1eliS 

1439 Reilhrodon 1494 Rhogeessa alleni 
1440 Reitllrodon aurilus 1495 RJlogeessa genowaysi 
1441 Reithrodon Iypiclls 1496 Rhogeessa gracilis 
1442 Reilhrodonlomys bakeri 1497 Rhogeessa hussoni 
1443 Reithrodontomys brevirosfris 1498 Rhogeessa io 
1444 Reithrodontomys burli 1499 Rhogeessa minlllilla 
1445 Reilhrodontomys chrysopsis 1500 Rhogeessa mira 
1446 Reithrodontomys creper 1501 Rhogeessa parvula 
1447 Reitllrodonl0l11ys darienensis 1502 Rhogeessa tumida 
1448 Reitl/rodontol1/Ys julvescens 1503 Rhyncholestes raphanllrlls 
1449 Reilhrodontomys gracilis 1504 Rhynchonycleris naso 
1450 Reithrodontomys hirsutlls 1505 Romerolagus diazi 
1451 Reithrodontomys humulis 1506 Saccopteryx 
1452 Reithrodontomys nlexicanus 1507 Saccopteryx anfioquensis 
1453 ReitllrodontonlYs nl icrodon 1508 Saccopleryx bilineala 
1454 Reithrodontomys paradoxlls 1509 Saccopteryx canescens 
1455 Reilhrodontomys raviventris 1510 Saccopleryx gymnura 
1456 Reitllrodontol11Ys rodriguezi 1511 Saccopleryx leplura 
1457 Reithrodontomys spectabilis 1512 Saguinus 
1458 Reilhrodontomys sllmichrasli 151 3 Saguinlls bicolor 
1459 Reithrodontomys tenuirosfris 1514 Sagu i I1lIS juscicollis 
1460 ReilhrodontonlYs zaca/ecae 1515 Sagllilllls geoffroyi 
1461 Rhagolllys 1516 Saguinlls imperafor 
1462 Rhagomys longilinglla 1517 Saguil1lfs inllstlls 
1463 Rhagol11ys ruJescel7s 1518 Saguinus labiatus 
1464 Rheomys 1519 Saguinus lelfcopus 
1465 Rheomys mexicanllS 1520 Saguinus marfinsi 
1466 Rheonlys raptor 1521 Saguinus melanoleucus 
1467 Rheomys fhom asi 1522 Saguinus ti/idas 
1468 Rheomys underwoodi 1523 Saguinus mystax 
1469 Rhinophylla 1524 Saguinlfs niger 
1470 Rhinophylla alethina 1525 Saguinus nigricollis 
1471 Rh inophylla fischerae 1526 Saguinus oedipus 
1472 Rhinophylla pUlllilio 1527 Saguil1lfs triparti/us 
1473 Rhipidomys 1528 Saimih 
1474 Rhipidomys aus!rinus 1529 Saimiri boliviensis 
1475 Rh;pidomys cariri 1530 Sa;mir; oerstedii 
1476 Rhipidomys caucensis 1531 Saimiri sciureus 
1477 Rhipidomys couesi 1532 Saimiri liS/liS 

1478 Rhipidomys emiliae 1533 Saimiri vanzolinii 
1479 Rhipidomys fidviventer 1534 Salinoclol11ys loschalchalerosoruf1/ 
1480 Rhipidomys gardneri 1535 Salinomys delica fus 
1481 Rhipidomys latimanus 1536 Santamarlamys rujodorsalis 
1482 Rhipidomys leucodaclylus 1537 Scapleromys 
1483 Rhipidomys macconnelli 1538 Scapteromys aquaticlis 
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Number Taxon Number Taxon 
1539 Scapteromys tumidus 1594 Sorex mediopuQ 
1540 Sciurillus pusillus 1595 Sorex mi/ler; 
1541 Sciurus aesluans 1596 Sorex neomexicQnus 
1542 Sciurlls alleni 1597 Sorex oreopolus 
1543 Sciurus arizonensis 1598 Sorex orizabae 
1544 Sciurus Qureogaster 1599 Sorex arna/us 
1545 Sciurus co/fiaei 1600 Sorex saussurei 
1546 Sciurus deppei 1601 Sorex se/ater; 
1547 S'ciurus jlammijer 1602 Sorex stizndon 
1548 Sciurus gilvigularis 1603 Sorex tenellus 
1549 Sciurus granatensis 1604 Sorex ventralis 
1550 Sciurlls ignitus 1605 Sorex veraecrucis 
1551 Sciurus igniventris 1606 Sorex veraepacis 
1552 Sciurus nayaritensis 1607 Spalacopus cyanlls 
1553 Sciurus ocula/lis 1608 Speothos venaticus 
1554 Sciurus pucheranii 1609 Spermophilus adocetus 
1555 Sciurus pyrrMnus 1610 Sperl1lophilus annllto/IIS 
1556 Sciurus richmondi 16 Il Spermophill/s atrieapilllls 
1557 Sciurus sanborni 1612 Spermophi/us madrensis 
1558 Seiurus spadieeus 1613 Spermophillls mexieanus 
1559 Seiurus stramineus 1614 SperfllOphi/us fllOhavensis 
1560 Sciurus variegatoides 1615 SpernlOphilus perotensis 
1561 Seil/rus yucatanensis 1616 Spermophi/us tereticaudus 
1562 Scleronycteris ega 1617 Sphaeronyeteris toxophylllllll 
1563 Seolon/ys 1618 Sphiggllrl/s 
1564 Seolon/ys melanops 1619 Sphiggllrlls lchillllS 
1565 Sc%l1lys lIcaya/ensis 1620 Sphiggurus insidiosllS 
1566 Scotinomys 162 1 Sphiggurus melanllrus 
1567 Scolinomys teguina 1622 Sphiggurus mexicanus 
1568 Scotinomys xerampeliulls 1623 Sphiggurus pruinosus 
1569 Siglllodon al/eni 1624 Sphiggurus roosmalenorum 
1570 Sigmodon alstol1i 1625 Sphiggurus spinosus 
157 1 Sigmodon arizonae 1626 Sphiggurus vestitus 
1572 Sigmodol1 j¡¡lviventer 1627 Sphiggllrlls villoslIs 
1573 Sigmodon hirsutus 1628 Spilogale angllstifrons 
1574 Sigmodol1 hispidlls 1629 Spilogale pygmaea 
1575 Sigmodon inopinalus 1630 SIenoder11la ru/um 
1576 Sigmodon lellcotis 163 1 Sturnira 
1577 Sigmodon 111ascotensis 1632 Sturnira aratathomasi 
1578 Sigmodon oc/¡rognat/¡I/s 1633 Slurnira bidens 
1579 Sigmodon peruanlls 1634 Sturntra bogotensis 
1580 Sigmodon planifrons 1635 Sturnira erythromos 
1581 Sigmodon toltecus 1636 Sturnira /udovici 
1582 Sigmodontomys 1637 Sturntra luisi 
1583 SiglllOdol1tolllys alfari 1638 Sturnira magna 
1584 Sigmodonlomys aphrastus 1639 Stllrnira mislralensis 
1585 So/enodon 1640 Stllrnira mordax 
1586 So/enodon cubanus 1641 Slurnira nana 
1587 So/enodon paradoxus 1642 Sturnira oporaphillll1l 
1588 Sooretamys angouya 1643 Sturnira sorianoi 
1589 Sorex arizonae 1644 S1urnira thomasi 
1590 Sorex emarginatus 1645 Stl/rnira tildae 
1591 Sorex ixtlanensis 1646 Sy/vi/agus aquaticus 
1592 Sorex Iyelli 1647 Sylvilaglls brasiliensis 
1593 Sorex macrodon 1648 Sylvilaglls cognatl/s 
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1649 Sylvilagus eunicularius 1704 111Omasomys mocralis 
1650 Sylvilogus dicei 1705 Thomasomys lJlOnOchrol1lOS 

1651 Sylvilogus groysoni 1706 111Omasomys niveipes 
1652 Sylvilagus insonus 1707 Thomasomys notatlls 
1653 Sy/vilagus mansueLus 1708 111Omasomys onkiro 
1654 Sylvilogus po/uslris 1709 Thomasomys oreas 
1655 Sylvilogus robus/us 1710 1'homasolllys paramorulII 
1656 Sylvilagus varynaensis 1711 Thomasomys popayanlfs 
1657 Synlheosciurus brocl/Us 1712 111OI1Iasomys praelor 
1658 TamonduQ 1713 Thomasomys pyrrhonotus 
1659 TamanduG mexicana 1714 1"llOmasomys rhoadsi 
1660 romanduo tetradactyla 1715 Thomasomys rosalinda 
1661 Tamias alpinus 1716 Thomasomys silvestris 
1662 ramios bulleri 1717 Thomasomys taczal10lllskii 

1663 Tamias canipes 1718 Thomasomys ucucha 
1664 Tamias cinereicollis 1719 Thomasomys vestilus 
1665 Tan/las durangae 1720 Thomasomys vulcani 
1666 Tamias merriaf1li 1721 Thomomy,<,¡ umbrinus 
1667 Tamias obscllrlls 1722 1'hrichomys 
1668 Tamias pa/meri 1723 Thrichomys apereoides 
1669 Tamias panaminfinus 1724 Thrichomys inermis 
1670 Tamias quadrilllGCu/alus 1725 ThricJ101Jlys pachyurlls 
1671 Tamias quadrivittafus 1726 1'hy/omys 
1672 Tamias rU/lIs 1727 111ylol1lys cinderel/o 
1673 Tamias speciosus 1728 1'l1ylol11Ys citel/us 
1674 Tamiascillrus mearnsi 1729 111ylomys e/egons 
1675 Tapecomys primus 1730 1'l1ylol1lYs ¡enestroe 
1676 Tapirus bairdii 1731 111ylol1lys korilllii 
1677 Tapirus pinchaque 1732 Thy/a11lYs macrurus 
1678 Tapirus lerreslris 1733 111ylol1lys pollidior 
1679 Tayassu pecar; 1734 1'l1ylol1lYs pulcl1ellus 
1680 Tayassuidae 1735 111ylol1lys pusil/us 
1681 1'lwlpol11Ys 1736 ThylalllYs sponsor;lIs 
1682 l'lwlpomys cerradensis 1737 111ylol1lys totel 
1683 Tl1olpol11Ys /osiotis 1738 Thyl0111YS velutinus 
1684 Thapfomys nigrifa 1739 Thylamys venus/lis 
1685 Tllomaso111ys 1740 Tl1yroptera 
1686 ThomasofUys apeco 1741 1'hyroptera devivoi 
1687 Thomasomys aureus 1742 Thyroptera discifera 
1688 Thomasomys baeops 1743 1'hyroptera lavoli 
1689 Thomasomys b011lbycinus 1744 Tl1yroptera tricolor 
1690 ThonJasomys caudivarius 1745 Tlacuafzin canescens 
1691 Tllomaso111ys cinereivenler 1746 To/ypeules 
1692 Thomasof1lys cinereus 1747 Tolypeu/es mafaCliS 
1693 Thomasomys cinllameus 1748 To/ypeutes tricinctllS 
1694 Thomasomys daphne 1749 Tomopeas ravlls 
1695 Thomasomys eleusis 1750 Tonatia 
1696 Tholllasomys erro 1751 Tona/ia bidens 
1697 Thomasomys gracilis 1752 Tonatia saurophila 
1698 TII01l1asomys hudsoni 1753 Toromys grandis 
1699 111OIIIOS0l11yS hy/ophi/us 1754 TracJJOps cirrhosus 
1700 Tholllasomys incanus 1755 Transandinof11Ys 
1701 l11of1Jasofllys ischyrus 1756 Transandinomys bolivaris 
1702 Tholllasomys kaJinowskii 1757 Transandinof11ys fa/aman cae 

1703 l'lwmasof1lys /adewi 1758 Tremarclos orna/us 

Page 17 of 18 



140 
 

  

Australian Systematic Botany, 2017, 30, 470- 484 
doi:10.107I1SBI6053 AC 

Number Taxon 
1759 Trino11lys 
1760 Trinomys albispinus 
1761 Trinomys dimidia/us 
1762 Trinomys eliasi 
1763 Trinomys grafioslfs 

1764 Trinomys iheringi 
1765 Trinomys mirapilanga 
1766 Trinomys moojeni 
1767 Trinomys myosuros 
1768 Trinomys para/lis 
1769 Trinomys setosllS 
1770 Trinomys yonenagae 
1771 Trinycteris nicefori 
1772 TylolllYs 
1773 Tylomys bullaris 
1774 Tylomys fidviven!er 
1775 Tylomys mirae 
1776 Tylomys nudicaudus 
1777 Tylomys panamensis 
1778 Tylomys tumba/ensis 
1779 Ty/onlYs lvalsan; 
1780 Tympanoctomys barrerae 
1781 Urocyon httoralis 
1782 UrodernlO 
1783 Uroderma hilaba/um 
1784 Uroderma magnirostrum 
1785 Vampyressa 
1786 Vampyressa bidens 
1787 Vampyressa brocki 
1788 Vampyressa melissa 
1789 VampyressQ nymphaea 
1790 Vampyressa pI/silla 
1791 Vampyressa thyolle 
1792 Vampyrunl spectrul1l 
1793 Vicugna vicugna 
1794 Wiedomys 
1795 Wiedomys cerradensis 
1796 Wiedomys pyrrhorhinos 
1797 Wi/fredomys oenax 
1798 Xenomys nelsoni 
1799 Xeronycteris vieira; 
1800 Zaedylls pichiy 
1801 Zygodon/omys 
1802 Zygodontomys brevicauda 
1803 Zygodontomys brunneus 
1804 Zygogeomys tric!Jopus 
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ABSTRACT 

Evolutionary biogeography combines different biological data to describe biogeographic 

patterns and propose the historical changes that have shaped them. Areas of endemism (Ae) 

of Neotropical mammals are biogeographic patterns promoted by historical and ecological 

processes that assume a correspondence between the phylogenetic relationship of mammals 

and their geographic distributions. Herein, we examine the phylogenetic structure of Ae of 

mammals at the scale of the Neotropical region. We identified Ae and endemic mammals at 

regional scale applying the Analysis of Endemicity method (NDM/VNDM). Then we 

assessed the phylogenetic structure applying Faith’s index as phylogenetic diversity metric 

(PD), the net relatedness index and the nearest taxon index at the Ae of mammals and the 

Neotropical region as whole pattern.  We examined if there is a matching between Ae and 

the geographic ancestral distributions of the endemic mammals to propose a biotic scenario 

composed by cenocrons and to explain their integration in the Neotropical region. Six Ae and 

51 endemic mammal species were identified, a single area (Ae0) was significantly 
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phylogenetically overdispersed while the Neotropical region was clustered. The clustering 

pattern of the Neotropical region could be showing the phylogenetic signal due to the 

phylogenetic relatedness of the endemic mammals that evolved in South America. A core of 

endemism is located in the tropics around of the equator. A hypothetical scenario to explain 

the integration of endemic mammals into South America is as follows: endemic Neotropical 

mammals expanded from tropics in South America to north and south of the Neotropical 

region, while others mammals expanded into Neotropical zone. The Neotropical endemic 

mammals have several ages and geographic ancestral distributions integrated in five 

cenocrons, suggesting that a set of barriers and corridors shaped by geological evolve, 

together with climatic complexity, affected the Neotropical mammals’ diversification and 

dispersion at different time and spatial scales. 

KEYWORDS 

Biotic scenario; cenocron; dispersal; Neotropics; phylogenetic diversity. 

 

Introduction 

Evolutionary biogeography combines distributional, phylogenetical and molecular data to 

describe biogeographic patterns and propose the historical and changes that have shaped 

them (Morrone 2007; Morrone 2009). Accordingly, areas of endemism are evolutionary and 

ecological patterns that assume a correspondence between the phylogenetic relationships 

among taxa and their geographic distributions (Müller 1973; Cracraft 1985; Szumik et al. 

2002; Morrone 2009; Murray and Crother 2016; Noguera-Urbano 2016). Hence, some 

species have evolved together with the earth itself, generating areas of endemism. In a 

practical sense, areas of endemism are identified by comparing the areas of distribution of 

species. Therefore, a species can be considered endemic if it shares its area of distribution 

with at least one other species, and they are both restricted to that area (Cracraft 1985; 

Platnick 1991; Morrone 1994; Espinosa et al. 2001; Szumik et al. 2002; Noguera-Urbano 

2016). Thus, a high spatial congruence among species supports areas of endemism (Cracraft 

1985; Morrone 2001; Morrone 2009; Noguera-Urbano 2016). Congruence among areas of 

distribution is promoted by species’ parallel and simultaneous responses to historical and 

macroecological processes such as speciation, extinction, migration, niche evolution, 

evolutionary convergence and colonization (Müller 1973; Cracraft 1985; Anderson 1994; 
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Szumik et al. 2002; Villalobos et al. 2013; Murray and Crother 2016; Noguera-Urbano 2016). 

In addition, the congruence is related with a physiographic or climatic barrier (Cracraft 1985; 

Noguera-Urbano and Escalante 2015). 

  Areas of endemism evolve when endemic species confront similar ecological or 

geographical changes (Cracraft 1985; Anderson 1994; Murray and Crother 2016; Noguera-

Urbano 2016). For example, the structure and shape of the areas of endemism change 

according to the responses of their endemic species to processes driven by climate change 

(Gámez et al. 2014; Aguado-Bautista and Escalante 2015). In some cases, areas of endemism 

disappear altogether due to the  divergence, migration or extinction of the endemic species 

(Anderson 1994; Murray and Crother 2016). However, little is known about the ecological 

processes and  phylogenetic relationships of the endemic species within areas of endemism 

(Noguera-Urbano 2016).  

 Phylogenetic information using phylogenetic community methods can be directly 

integrated to analyze the ecological and phylogenetic process within areas of endemism.  

Phylogenetic community addresses the relationship between the phylogenetic structure of an 

assemblage (nonrandom subsets of the regional pool of species) and their distribution (Webb 

2000; Webb et al. 2002), and the nature of the non-randomness may provide clues to the 

historical and ecological processes promoting assemblage formation at large geographical 

scales (Cardillo et al. 2008; Cardillo 2011; Villalobos et al. 2013; Swenson 2014). 

Phylogenetic structure refers to the degree of phylogenetic relatedness of two or more 

spatially congruent species (Haydon et al. 1993). Currently there are specific indices that use 

phylogenetic diversity (PD) as an indicator of the phylogenetic structure of assemblages 

(Webb 2000; Webb et al. 2002; Cardillo 2011; Swenson 2014), which include Faith’s index 

(Faith 1992) that represents the phylogenetic diversity, the net relatedness index (NRI) 

measures the degree of phylogenetic clustering (species more closely related than expected) 

or overdispersion (species less closely related than expected) throughout the phylogeny and 

the nearest taxon index (NTI) reflects clustering or overdispersion at the tips of the 

phylogeny. Two basic hypotheses are proposed to explain the phylogenetic structure of 

spatially congruent species. On one hand, niche evolution, evolutionary convergence and 

colonization could lead to "phylogenetic overdispersion" (Cardillo et al. 2008; Cardillo 2011; 

Villalobos et al. 2013), in which differences in size and diet promote the coexistence of 
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distantly related species. On the other hand, "phylogenetic clustering" occurs when spatially 

congruent species are also phylogenetically grouped, and can be caused by processes such as 

high in situ speciation and niche conservatism (Cardillo et al. 2008; Cardillo 2011; Villalobos 

et al. 2013). On the other hand, the species–area relationship has been crucial to the 

development of ecological theory, and it is considered one of the few general laws in ecology 

(Preston 1962, Morlon et al. 2011). Although, empirical observations show that PD increases 

with area at a slower pace than species richness (Rodrigues and Gaston 2002, Morlon et al. 

2011), spatial scaling of PD remains vaguely known (Morlon et al. 2011). Therefore, we 

believe that using areas of endemism at regional scale could reveal how is the ecological 

relationship and tendency between PD and area. 

 Mammals are found on all continents, and they live in all biomes and types of habitats. 

They have been used to define biogeographic units (regions, subregions, provinces) at 

different scales (Wallace 1876; Smith 1983; Holt et al. 2013; Noguera-Urbano and Escalante 

2015). A formal biogeographic scheme of the world was proposed based on the mammals 

patterns of distribution (Wallace 1876), and currently, the biogeographic patterns of 

mammals have been used in multiple studies to explain ecological and evolutionary processes 

(e.g. dispersion, vicariance, extension) (Hershkovitz 1958, 1969, Cox 2001, Escalante et al. 

2010, Kreft and Jetz 2010, Holt et al. 2013, Rueda et al. 2013, Morrone 2014, Noguera-

Urbano and Escalante 2015). In addition, some analyses of phylogenetic structure have 

focused on ‘regional-scale’ communities (e.g. Cardillo & Meijaard, 2010; Cardillo, 2011; 

Villalobos et al., 2013; Cantalapiedra, Fernández, & Morales, 2014; Fergnani & Ruggiero, 

2015), and the biogeographic processes that have promoted the distribution of mammals have 

been widely described (e.g. Cardillo 2011, 2015; Carrillo et al. 2015; Juñent 1994; Rojas, 

Warsi, and Dávalos 2016; Schenk, Rowe, and Steppan 2013; Webb 2011).  

 The Neotropical region has been described as a pattern of multiple boundaries on the 

basis of the identification of areas of endemism (Noguera-Urbano 2013; Noguera-Urbano 

and Escalante 2015). Initially, it was proposed that the Neotropical boundaries were 

composed of seven areas of endemism (Noguera-Urbano 2013), but recently two additional 

patterns were identified (Noguera-Urbano and Escalante 2015) supported mainly by the 

differing taxonomic composition of primarily bats (Chiroptera) and rodents (Rodentia). 

Although it is proposed that the endemic species in areas of endemism could be 
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phylogenetically related when the variance is the promoter of their evolve (Nelson and 

Platnick 1981; Rosen and Smith 1988; Anderson 1994; Harold and Mooi 1994), currently it 

is unknown which hypotheses explains the phylogenetic structure of the endemic species in 

the Neotropical areas of endemism. Therefore, it is necessity to integrate the biogeographic 

and phylogenetical approaches in order to disentangle the influences of evolutionary history 

and ecological processes on patterns of distribution (Weeks et al. 2016; Noguera-Urbano 

2016). We consider that areas of endemism represent subsets of the regional pool of species, 

and that they are equivalent to an assemblage of species in a geographical space, since both 

terms refer to a group of species with spatial congruence.  

 Here, we examine the phylogenetic structure of areas of endemism of mammals at the 

scale of the Neotropical region. We identify the areas of endemism equivalents to Neotropical 

region sensu lato (Smith 1983; Kreft and Jetz 2010; Procheş and Ramdhani 2012; Holt et al. 

2013; Rueda et al. 2013; Morrone 2014a) and analyze their phylogenetic structure. Thus, we 

make tree specific predictions about the phylogenetic structure of Neotropical endemic 

mammals: (i) It is suggested that “if assemblages within a biogeographic region are mainly 

made up of species of a certain subclade, due to within-region radiation these assemblages 

will tend to exhibit phylogenetic clustering” (Catalapieda et al. 2014). Therefore, if the 

Neotropical region is defined by endemic species that exhibit phylogenetic clustering, the 

areas of endemism could represent systems of species integrated in space and time, this 

means similar evolutionary history. To test such a prediction, we first assessed whether 

phylogenetic structure varies among areas of endemism or if a regional or world species pool 

makes a difference for detecting significant structure. (ii) We predicted that PD would 

increase with the number of endemic species and size of the geographical area following 

some macroecological tendencies (Morlon et al. 2011; Helmus and Ives 2012), such that a 

larger Neotropical region with higher richness of endemics would have a higher PD. Thus, 

we evaluate whether PD is related to the number of endemic species or geographic 

descriptors such as size, shape longitude, and latitude centroids of the areas of endemism. 

Cenocron refers specifically to assemblages that disperse into a biota and have different ages 

(Morrone 2014b), consequently the cenocrons that characterize the areas of endemism of 

Neotropical mammals can be resumed according to the geographic ancestral distributions. 

(iii) So we suppose that there is a close relationship between the grouping of the species in a 
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geographic area and the geographic ancestral distribution or cenocrons, due to the endemic 

species are space-temporally integrated (Anderson 1994; Morrone 2009; Murray and Crother 

2016; Noguera-Urbano 2016); therefore, we test the match between areas of endemism and 

geographic ancestral distributions of the endemic mammals to propose a biotic scenario to 

explain the integration of the endemic mammals and the cenocrons in the current Neotropical 

region.  

 

Material and methods 

Areas of endemism and endemic species 

The Neotropical areas of endemism based on mammals were described by (Noguera-Urbano 

2013) and Noguera-Urbano and Escalante (2015) by analyzing the endemism at three 

taxonomic levels (families, genera and species). Because we were interested in the 

phylogenetic structure of species-level areas of endemism, we excluded families and genera 

taxonomic levels and re-analyzed a species matrix using the maps of distribution of 1,605 

species of neotropical mammals proposed by the International Union for Conservation of 

Nature (IUCN 2014). IUCN´s maps of distribution follows the nomenclature proposed by 

Wilson and Reeder (2005).  The maps of distribution were cut with a rectangular mask that 

extends from the United States of America (USA) to Patagonia (38°N- 56°S and 122°W- 

34°W) to avoid that the analysis is biased toward some biogeographic scheme. The species 

distribution maps were overlapped in a 4° × 4° latitude-longitude grid to produce a 

presence/absence matrix (1605 species as columns and 210 rows). This grid-size was chosen 

because it allows the identification of regional areas of endemism (Escalante et al. 2010; 

Escalante et al. 2013; Noguera-Urbano 2013).  

 To identify areas of endemism, we processed the presence/absence matrix using the 

Analysis of Endemicity method (Szumik et al. 2002; Szumik and Goloboff 2004), which is 

implemented in NDM/VNDM software, version 3.0 (Goloboff 2014). A heuristic search was 

applied, keeping areas with at least two endemic species and an area endemicity score (E) 

greater than 2.0. The option of proportion of grid-cells was not used because it limited the 

searching of sets (Noguera-Urbano and Escalante 2015). Areas of endemism identified by 

NDM/VNMD can share a percentage of endemic taxa (Szumik et al. 2002; Szumik and 

Goloboff 2004), thus “keep overlapping subsets  > 98%” was applied (Noguera-Urbano and 
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Escalante 2015). We performed 100 NDM/VNDM analysis, changing the randomization 

parameter  (Noguera-Urbano and Escalante 2015) to retain the results from the random seed 

number (r.s.n. =341) with the highest number of areas of endemism (104). We disable four 

widely distributed species (Platyrrhinus helleri, Sturnira lilium, Uroderma bilobatum and 

Vampyrodes caraccioli) in the NDM/VNDM software, which were recently split into several 

species and restricted to specific zones along Central or South America (Velazco et al. 2010, 

Mantilla-Meluk 2014, Velazco and Patterson 2014, Lopes et al. 2016).  We excluded this 

new species arrangement, due to their maps of distribution are unavailable.  

 Several boundaries have been proposed for the Neotropical region (Wallace 1876; 

Udvardy 1975; Smith 1983; Procheş and Ramdhani 2012; Holt et al. 2013; Rueda et al. 2013; 

Morrone 2014a). We therefore selected the regional scale areas of endemism considering 

current schemes of the Neotropical region (Central America zones plus South America 

zones) (Smith 1983; Kreft and Jetz 2010; Procheş and Ramdhani 2012; Holt et al. 2013; 

Rueda et al. 2013; Morrone 2014a). A ‘loose’ consensus analysis (50% against any of the 

other areas in the consensus) was applied to the regional areas of endemism; this consensus 

is agglomerative and combines areas when overlapping patterns of distribution exist 

(Aagesen et al. 2013). The endemicity score of the area (E), the number of endemic taxa, and 

the endemic taxa with their endemicity score (e) are reported for each consensus area of 

endemism (Ae). The areas of endemism were mapped by merging the maps of distribution 

of their endemic species.  

 

Phylogenetic structure of each area of endemism 

Each Ae was considered an assemblage to analyze phylogenetic structure. In a practical 

sense, this analysis allows the comparison among several Neotropical patterns (areas of 

endemism at the regional scale), which were identified with the same methodology and 

biological group.  This facilitates comparisons and generalizations at the level of the 

Neotropical region. To calculate the phylogenetic structure of areas of endemism, we made 

a binary matrix (endemic species vs area of endemism) to represent the community data. The 

presence of each endemic species in an Ae was encoded with a “1”, and absence with a “0”. 

 The phylogenetic information was obtained from the ultrametric supertree of 

mammals proposed by Fritz et al. (2009). The original phylogeny was pruned to obtain a 
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subtree composed by the endemic species previously identified, this allowed to simplify the 

analysis. Polytomies were resolved with random order (Swenson 2014). Three metrics of 

phylogenetic structure were applied to the community data: (1) Faith’s Index of phylogenetic 

diversity (PD), (2) the net relatedness index (NRI), and (3) the nearest taxon index (NTI). PD  

was calculated as the total length of the branches in the tree (Faith 1992). Communities with 

a higher number of ancient linages show high PD (more disrupted), while phylogenetically 

related communities have low PD. NRI is a standardized measure of the average pairwise 

phylogenetic distance of the sample. NTI considers the branch length separating each species 

from its nearest relative  (Webb et al. 2002; Swenson 2014). Positive values of NRI and NTI 

(p<0.05) indicate increase of clustering and become negative (p>0.95) with overdispersion 

(Webb 2000; Webb et al. 2002; Cardillo 2011; Swenson 2014). Both NTI and NRI suggesting 

overdispersion or clustering; however, NTI reflects structure at the tips of the phylogeny 

while NRI is sensitive to structure throughout the phylogeny (Webb et al. 2002; Cardillo 

2011). NTI and NRI describe the difference between average phylogenetic distances in the 

observed assemblages and random simulations, standardized by the standard deviation of 

phylogenetic distances in the random simulations (Webb 2000; Webb et al. 2002; Cardillo 

2011). PD, NRI and NTI were calculated using the functions “ses.pd”, ‘ses.mpd’ and 

‘ses.mntd’ (null model: taxa labels; runs: 999), respectively, in the Picante library (Kembel 

et al. 2010) for R (R Core Team 2015). This null model randomizes the tip labels across the 

tips of the phylogeny while fixing the observed community data matrix since we are asking 

about whether my community has a higher phylogenetic diversity than expected. Thus, 

phylogenetic structure can be calculated for NRI and NTI by compared observed 

phylogenetic relatedness to the pattern expected under the null model of phylogeny 

randomization (Webb et al. 2002). Together these three metrics give a good synthesis of the 

phylogenetic structure of species groups (Webb 2000; Webb et al. 2002; Cardillo 2011; 

Mazel et al. 2015).  

 In addition, NRI and NTI were calculated to describe the phylogenetic structure of 

the Neotropical region as a single pattern that includes all endemic species. For this, two 

levels of source pool were considered: "World", the entire phylogeny of Fritz et al. (2009) 

which represents a world super-community of mammals, and "Regional", the pruned 
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phylogeny containing the 1605 species of mammals used to identify the areas of endemism, 

which represents a regional super-community of mammals. 

 

Macroecological trends in phylogenetic structure 

We calculated five metrics to describe each area of endemism using QGIS software (QGIS 

Development Team 2015): the size, perimeter, perimeter-√size ratio (RPS; shape: high values 

indicated maps with irregular shape) (Rapoport 1975), the latitude centroid and the longitude 

centroid. It is suggested that those metrics are good geographical descriptors of the 

distribution areas and their patterns (Rapoport 1975; Brown et al. 1996; Sexton et al. 2009; 

Cardillo 2015), therefore we predicted that PD would increase with the number of endemic 

species and size of the geographical area (Morlon et al. 2011; Helmus and Ives 2012), such 

that a larger Neotropical region with higher richness of endemics would have a higher PD. 

Because the form and extend among areas of endemism at Region scale can be different, we 

suppose that there is a relationship among PD and the other geographic descriptors. The 

relationship between the phylogenetic diversity of the areas of endemism and their number 

of endemic species, the size of area of endemism, the RPS (Rapoport 1975), and the absolute 

values of the latitude centroid and the longitude centroid were evaluated using Pearson´s tests 

(Ho: correlation is equal to 0; reject Ho if p≤ 0.05). All variables were log10 transformed. 

 

Phylogenetic diversity of the Neotropical region and its temporal strata 

The IUCN's maps of maps of distribution of the endemic species were overlapped with a grid 

of 5 km latitude-longitude cells to produce a presence/absence matrix (grid cell x species). 

For each grid cell the PDs were calculated and represented in a map. We selected this new 

grid size to obtain PD maps close to the scale of the maps of distribution, thereby improving 

the representation of the boundaries of the Neotropical region in the PD maps. This analysis 

included all endemic species as elements of a single biogeographic pattern. The PD in the 

Neotropical region was then mapped. Areas of endemism are composed of temporal strata 

(Noguera-Urbano 2016); therefore the temporal strata that compose the Neotropical region 

were described by classifying each Neotropical endemic mammal according to its geographic 

ancestral reconstruction and cenocrons.  
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Geographic ancestral reconstructions are hypothesis about the geographical 

distribution at the time of speciation of sister species, and it is assumed that distributions are 

so static that ancestral geographical distributions can be inferred from the ranges of their 

descendants (Losos and Glor 2003). The geographic ancestral distribution for each endemic 

species was extracted from several references, due to the absence of a proposal that included 

all endemic species and their ancestral geographical distributions (Appendix 1). Additionally, 

cenocron term is as follow “It can deal with the process of geodispersal and refer specifically 

to assemblages that disperse into a biota and have different ages. Dating cenocrons depends 

largely on dating the clades that are assigned to them, which in turn depends on the fossil 

record, geological information and molecular-based age estimates” (Morrone 2014b). From 

this standpoint, the cenocrons that characterize the areas of endemism of Neotropical 

mammals can be resumed according to the geographic ancestral distributions. Therefore, a 

frequency diagram was made with the divergence times of the endemic species, which were 

organized by geographic ancestral distribution to define the cenocrons. 

 Finally, because current groupings of species in areas of endemism could be derived 

from groupings in geographic ancestral distributions due to the temporal and spatial 

integration of endemic mammals, a Mantel test using the Spearman method was applied to 

test for correlation between the binary matrices (areas of endemism and geographic ancestral 

distributions). The binary matrices were made by coding as “1” the presence of the endemic 

species in both the areas of endemism and geographic ancestral distributions. The Jaccard 

distances were obtained from both binary matrices to run the Mantel test. 

 

Results 

Areas of endemism and endemic species 

The NDM/VNDM analyses resulted in 104 systems, of which eight matched with the 

Neotropical region sensu lato (Id NDM: 3, 18, 28, 47, 52, 63, 85, 86).  The consensus analysis 

resulted in six areas supported by 51 endemic mammal species (Table 1) and the areas 

showed several boundaries (Table 1; Appendix 2 Figures). Ae0 had the highest number of 

endemic species (22) and Ae2 and Ae3 the lowest (4) (Table 1). 
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Table 1. Neotropical areas of endemism obtained using the Analysis of endemicity (NDM/VNDM).  Area of endemism consensus (Ae); 

endemicity score of the areas (E: minimum to maximum); number of endemic species (ES); species with its interval of endemicity score 

taxa (e: minimum to maximum); phylogenetical diversity (PD); perimeter (P), perimeter-√size ratio (RPA).; the centroids of the latitude 

(CLa) and longitude (CLo) in degrees.   

Ae E  # ES Species (e) PD Size (km2) P (km) RPA (km-1) CLa CLo 

Ae0 13.8-15.5 22 Carollia perspicillata (0.878-0.977), Chrotopterus auritus 

(0.850-0.946), Cuniculus paca (0.000-0.911), Diaemus youngi 

(0.000-0.929), Eptesicus brasiliensis (0.908-0.945), Eumops 

auripendulus (0.845-0.939), Leopardus pardalis (0.000-0.845), 

Lonchorhina aurita (0.000-0.919), Macrophyllum macrophyllum 

(0.950-0.976), Metachirus nudicaudatus (0.912-0.941), 

Micronycteris minuta (0.000-0.946), Myotis nigricans (0.000-

0.873), Myrmecophaga tridactyla (0.000-0.847), Noctilio 

albiventris (0.914-0.932), Peropteryx macrotis (0.894-0.936), 

Phylloderma stenops (0.000-0.955), Phyllostomus discolor 

(0.000-0.947), Phyllostomus hastatus (0.000-0.960), Saccopteryx 

leptura (0.931-0.960), Sylvilagus brasiliensis (0.000-0.871), 

Tayassu pecari (0.000-0.867), Trachops cirrhosus (0.938-0.958) 

1.261 13,140,000 4,573,000 0.348021 -7.845 -61.16 
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Ae1 6.2-6.4 7 Galictis vittata (-0.891), Lichonycteris obscura (-0.856), Mimon 

crenulatum (-0.898), Peropteryx kappleri (-0.905), Potos flavus 

(-0.847), Rhynchonycteris naso (-0.947), Uroderma 

magnirostrum (-0.903) 

425 10,850,000 3,777,000 0.348111 -4.538 -61.37 

Ae2 3.6-3.8 4 Chiroderma trinitatum (-0.9), Cormura brevirostris (-0.928), 

Mesophylla macconnelli (-0.971), Oecomys bicolor (-0.847) 

324 8,179,000 2,537,000 0.310185 -4.526 -62.87 

Ae3 3.2-3.4 4 Lophostoma brasiliense (-1), Micronycteris hirsuta (-0.755), 

Micronycteris schmidtorum (-0.75), Thyroptera tricolor (-0.715) 

248 9,374,000 3,631,000 0.387348 -3.796 -61.14 

Ae4 8-8.3 9 Artibeus lituratus (-0.931), Eira barbara (-0.93), Eptesicus 

furinalis (-0.852), Glossophaga soricina (-0.898), Leopardus 

wiedii (-0.919), Molossus molossus (-0.885), Molossus rufus (-

0.907), Noctilio leporinus (-0.896), Nyctinomops laticaudatus (-

0.876) 

534 14,790,000 5,861,000 0.396281 -7.608 -63.24 

Ae5 4-4.3 5 Carollia castanea (-0.881), Eumops hansae (-0.812), Philander 

opossum (-0.747), Vampyressa thyone (-0.843), Vampyrum 

spectrum (-0.81) 

406 7,753,000 2,817,000 0.363343 -2.54 -66.73 
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Phylogenetic structure of each area of endemism 

PD differed among areas of endemism (Figure1); Ae0 had the highest PD, while the Ae2 and 

Ae3 had the lowest PD (Table 1), despite all three areas having similar species richness (4 

species).  NRI showed no consistent pattern of phylogenetic under- or overdispersion (Table 

2). NTI showed overdispersion at the tips of the phylogeny in Ae0, but no structure in the 

other areas of endemism (Table 2). NRI values showed that the 51 endemic mammal species 

were clustered at the base of the phylogenies using both the World and Regional species 

pools (Table 2). NTI values indicated clustering at the tips of the phylogenies when using the 

World species pool, but not the Regional pool (Table 2). Using nested Neotropical areas of 

endemism showed unclear phylogenetic patterns, while considering the areas of endemism 

as a single Neotropical region showed a clustered phylogenetic pattern (Table 2). 

 

 
Figure 1. Phylogenetic diversity of the Neotropical areas of endemism. The number above 

each bar is the number of endemic species. 
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Table 2. The net relatedness index (NRI) and nearest taxon index (NTI) values of the 

Neotropical areas of endemism. Phylogenetic clustering is indicated with an asterisk (*), and 

phylogenetic overdispersion is indicated with a cross (+).  

Area 
NRI NTI 

Observed Calculated p-value Observed Calculated p-value 

Ae0 149.60 0.65 0.714 95.06 2.46 0.995+ 

Ae1 135.62 -0.21 0.432 62.29 -1.31 0.089 

Ae2 146.17 0.15 0.595 94.05 -0.39 0.4 

Ae3 83.37 -1.39 0.057 56.50 -1.41 0.0765 

Ae4 130.28 -0.37 0.385 78.78 -0.60 0.297 

Ae5 170.00 0.75 0.786 112.76 0.37 0.6685 

World pool 140.73 -5.59 0.001* 49.89 -3.29 0.001* 

Regional pool 140.73 -4.15 0.001* 49.89 -0.24 0.414 

 Notes: p<0.05 indicates phylogenetic clustering, while p>0.95 indicates phylogenetic 

overdispersion. 

 

Macroecological trends of phylogenetic structure 

The geographic variables varied among areas of endemism (Table 3). The mean size and 

perimeter of the areas of endemism were 10,681,000 km2 and 3,866,000 km, respectively. 

The perimeter-√size ratio showed that the Neotropical areas of endemism are irregularly 

shaped and differ from each other in shape (Table3; Appendix 2 Figures). Four areas of 

endemism (Ae0, Ae1, Ae3 and Ae5) had a similar shape, while Ae2 had a less irregular shape 

and Ae4 had the most irregular shape (Table 3). All areas of endemism had their centroids in 

South America, around of the equator. Ae5 was shifted more to the north and east than the 

other areas, while Ae0 had the southernmost centroid. We found a strong relationship 

between the number of endemic species and the PD (r=0.97, p< 0.01; Figure 2). On another 

hand, the relationship between PD and each of the five geographic descriptors of the 

Neotropical areas of endemism was non-significant (Table 3). 
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Figure 2. Correlation between the number of endemic species and the phylogenetic diversity 

of the Neotropical areas of endemism. 

 

Table 3. Results of the Pearson´s correlation analysis among the phylogenetic diversity (PD) 

and the five geographic descriptors of the Neotropical areas of endemism. RPS = perimeter-

√size ratio. 

Correlation Pearson's product p-value Conclusion 

PD-# Endemic species 0.976 0 Positive correlation 

PD-Size 0.65 0.16 No correlation 

PD-Perimeter 0.53 0.28 No correlation 

PD-RPS -0.05 0.93 No correlation 

PD-Centroid latitude 0.68 0.14 No correlation 

PD-Centroid longitude -0.16 0.76 No correlation 
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Phylogenetic diversity of the Neotropical region and its temporal strata 

The PD of the Neotropical region decreases in the Andean mountains, Mexico and central 

Argentina, and reaches its maximum value (1,9 million years; Ma) around of the equator 

representing a core zone of PD (Figure 3). We found that the Neotropical endemic mammals 

belong to six hypothetical geographic ancestral distributions or cenocrons (America; North 

America; North America and Central America; Central America; Antilles and South 

America), with South America being the geographic ancestral distribution of the most species 

(39 species; Appendix 1 Table). The divergence times of the Neotropical endemic mammals 

showed that the Neotropical region is a biogeographic pattern with multitemporal strata 

(Figure 4). However, no Ae agreed completely with the geographic ancestral distribution 

groupings (Figure 5), and the Mantel test showed no correlation (r= -0.01328, p= 0.579) 

between the current and ancestral groupings of Neotropical endemic mammal species.    

 

Discussion 

The Neotropical region contains multiple areas of endemism of mammals (Noguera-Urbano 

and Escalante; Noguera-Urbano and Escalante 2015) composed of several taxonomic orders. 

We found that the majority of the endemic mammals are bats, and that the number of endemic 

species varied among the areas of endemism. Ae0 and Ae4 were the main consensus areas 

due to the higher number of endemic species and PD. They were the largest areas, and 

matched with a wide Neotropical region (excluding Patagonia) (Smith 1983; Kreft and Jetz 

2010; Procheş and Ramdhani 2012; Rueda et al. 2013; Morrone 2014a). The remaining areas 

of endemism are consistent with a narrow Neotropical region for mammals, which excludes 

some zones of the Caatinga and Patagonia (Holt et al. 2013). Ae1, Ae2, Ae3 and Ae5 share 

geographical similarities, such as the presence of a Neotropical core around the equator.  

 The PD showed that the Neotropical region is a pattern structured by areas of 

endemism with different evolutionary histories and taxonomic lineages (e.g. taxonomic 

orders). The differences in PD values, number of endemic species and list of endemic species 

among the areas of endemism indicate the varied position of the endemic mammals in the 

phylogeny, and suggest that each area of endemism is phylogenetically distinct (Morlon et 

al. 2011), and that represents long, complex and distinct histories in South America. 
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Figure 3. Map of the phylogenetical diversity (PD) of endemic mammals in the Neotropical 

region. Arrows indicate the hypothetical dispersal direction of endemic mammals. North 

America (NA), North America and Central America (NCA), Central America (CA), Antilles 

(An) and South America (SA). 

 

Figure 4. Bar plot with the time of lineage divergence (Ma: millions of years) of the endemic 

mammals. Six geographic ancestral distributions are indicated as follow: America (Am), 

North America (NA), North America and Central America (NCA), Central America (CA), 

Antilles (An) and South America (SA). The dotted line indicates the boundary between the 

Quaternary and Tertiary ∼2.6 Ma. 
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Figure 5. Network of the areas of endemism (Ae) and the geographic ancestral distributions 

of the Neotropical endemic mammals. The numbers indicate the species: (7). C. perspicillata, 

(8). C. auritus, (9). C. paca, (10). D. youngi, (11). E. brasiliensis, (12). E. auripendulus, (13). 

L. pardalis, (14). L. aurita, (15). M. macrophyllum, (16). M. nudicaudatus, (17). M. minuta, 

(18). M. nigricans, (19). M. tridactyla, (20). N. albiventris, (21). P. macrotis, (22). P. stenops, 

(23). P. discolor, (24). P. hastatus, (25). S. leptura, (26). S. brasiliensis, (27). T. pecari, (28). 

T. cirrhosus, (29). G. vittata, (30). L. obscura, (31). M. crenulatum, (32). P. kappleri, (33). 

P. flavus, (34). R. naso, (35). U. magnirostrum, (36). C. trinitatum, (37). C. brevirostris, (38). 

M. macconnelli, (39). O. bicolor, (40). L. brasiliense, (41). M. hirsuta, (42). M. schmidtorum, 

(43). T. tricolor, (44). A. lituratus, (45). E. barbara, (46). E. furinalis, (47). G. soricina, (48). 

L. wiedii, (49). M. molossus, (50). M. rufus, (51). N. leporinus, (52). N. laticaudatus, (53). C. 

castanea, (54). E. hansae, (55). P. opossum, (56). V. thyone, (57). V. spectrum. 
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The NRI showed no clear pattern of phylogenetic clustering or overdispersion in the overall 

phylogeny in any Ae, but the NTI showed phylogenetic overdispersion in Ae0, probably 

related to biological differences among distantly related species due to niche evolution, 

evolutionary convergence and colonization (Cardillo and Meijaard 2010; Cardillo 2011; 

Villalobos et al. 2013). This overdispersion could be explained by the effect of similar abiotic 

factors that determined the boundaries of the areas of distribution of mammals in the Ae0, or 

may be the endemic Neotropical mammals have long-distant immigration rates, rapid 

speciation and lower extinction rates. Bats accounted for the majority of the endemic 

mammals in Ae0 (15 species), and due to their phenotypic similarities related to flight, it is 

possible that they tolerate similar abiotic environments without exclusion (Webb et al. 2002). 

 Bats are more vagile than rats and opossums (Ditchfield 2000), this could explain 

why there is more sympatry among bat species than rat and opossum species. On another 

hand, the endemic bats exhibited quite different cranial, dentary and wing morphologies. 

These traits allow them to occupy distinct habitats and dietary guilds in the same area 

(Weinbeer and Kalko 2004), promoting the high number of coexistent Neotropical bats.  

It is possible that low number of endemic species in Ae1-5 masks a phylogenetic 

pattern compared to Ae0, consequently the phylogenetic structure of each Neotropical area 

of endemism separately may obscure the overall phylogenetic structure of the Neotropical 

region. This is consistent with assemblages that show phylogenetic structure only at a given 

biogeographical level (Realms, region or landscape) (Cantalapiedra et al. 2014). When NRI 

and NTI are analyzed in each area separately, patterns could be hidden by the spatial scaling 

of species diversity (Morlon et al. 2011). In addition, it is suggested that assembly processes 

on the macroecological scale have shaped the phylogenetic structure of the regions, which in 

turn affect phylogenetic relationships within the biogeographic units that make up each 

region (Cantalapiedra et al. 2014).  

 The NRI and NTI values calculated using both world and regional phylogenies 

suggested that the Neotropical region as a single pattern is primarily explained by 

phylogenetic clustering (Table 2), which indicates that endemic mammals are space-

temporally integrated, due to the phylogenetic clustering be caused by processes such as high 

in situ speciation and niche conservatism (Cardillo et al. 2008; Cardillo 2011; Villalobos et 

al. 2013). This integration is likely due to the specialization of lineages to their habitats, 
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which allows them to adapt and radiate within that habitat (Cantalapiedra et al. 2014).  The 

clustering of the endemic mammals could also indicate phylogenetic signal, since crown age 

and species richness are positively associated with phylogenetic signal (Cardillo 2015). For 

example, Chiroptera (bats) are split into Megachiroptera (Pteropodidae) and 

Microchiroptera. The Microchiroptera are further divided into two major clades: the 

Yangochiroptera, and a modified version of the “Rhinolophoidea” Yinpterochiroptera 

(remaining microbat families: Craseonycteridae, Hipposideridae, Megadermatidae, 

Rhinolophidae, and Rhinopomatidae) (Agnarsson et al. 2011). Yangochiroptera have had a 

panglobal distribution, however within this suborder, the emballonurids have an exclusively 

tropical distribution, and some living noctilionoids (phyllostomids, mormoopids, 

noctilionids, furipterids, and thyropterids) are mainly confined to the Neotropic (Teeling et 

al. 2005).  Ancestral reconstructions suggest that noctilionoids originated in Gondwana, 

perhaps in South Americ (Teeling et al. 2005). Therefore, phylogenetic signal of the 

Chiroptera New world suborders and families would probably contribute substantially to the 

clustering pattern in the Neotropical areas of endemism, since most endemic species 

identified are bats (39 species). 

 The diversification of the Neotropical endemic species was likely ecologically driven, 

and could represent mixed histories, suggesting radiation at the base or toward the tips of the 

phylogeny.  This pattern is consistent with the scenario of radiating clades spreading out 

rapidly to the boundaries of the biogeographic patterns or explosive radiation, rather than a 

gradual diffusion from areas of evolution to current areas of distributions (Cardillo 2011; 

Cantalapiedra et al. 2014). It is suggest that many dispersals events of mammals have 

occurred along the Andes cordilleras and South America (Clare 2011; Parada et al. 2015; 

Rojas et al. 2016). 

 The Neotropical areas of endemism are all irregularly shaped and their centroids are 

all around the equator, but none of the geographical descriptors we examined predicted the 

PD.  It is possible that the Neotropical areas of endemism are so similar that the values of the 

geographical descriptors have low variation.  On the other hand, the endemism of the 

Neotropical region decreases along its borders with the Nearctic and Andean regions 

(Noguera-Urbano and Escalante 2015); this is supported by the strong relationship between 

the number of endemic mammals and the PD. Thus, the highest values of PD are in the zones 



161 
 

around of the equator where endemic mammal and birds diversity is highest (Cracraft 1985, 

Prado et al. 2014, Noguera-Urbano and Escalante 2015). As is generally observed (Swenson 

2014), we found a positive correlation between PD and number of endemic species, thus the 

addition of species to the analysis could increase the PD.  

 Attributes such as the age of the clades and the diversification rate of some taxonomic 

groups determine the structure of the geographical and ecological patterns (Procheş et al. 

2006; Rabosky 2009; Cardillo 2011; Villalobos et al. 2013; Cardillo 2015). For that reason, 

the Neotropical phylogenetic pattern (clustering) and the higher PD around the equator are 

strong evidence that the endemic mammals in that zone are spatially and phylogenetical 

structured into an evolutionary and ecological unit. Cracraft (1985) proposed that the main 

ecological factors that delimit areas of endemism are climatic and geographic barriers. This 

explanation partially applies to the Neotropical region because the evidence supports an 

overdispersed pattern for the Ae0 and clustered pattern for the Neotropical region as a whole.  

The endemic Neotropical mammals have a shared ancestry, which suggest that areas 

of endemism did not predict the geographic ancestral distributions of the endemic mammals. 

Therefore, some Neotropical endemic mammals extended from and forward the Neotropical 

core without confining to their geographic ancestral distribution.  This is consistent with the 

evolve that each region has had since South America reached its equatorial position and 

connected with North America (Solari et al. 2012). Although no Ae agreed completely with 

the geographic ancestral distribution groupings, South America was the geographic ancestral 

distribution of 39 species of Neotropical endemic mammals. Those mammals, such as bats 

and rodents, mostly form integrated monophyletic groups and evolved in neotropical 

ecosystems (Müller 1973; Fritz et al. 2009; Lim 2009; Gutiérrez-García and Vázquez-

Domínguez 2012; Schenk et al. 2013; Rojas et al. 2016).  

 

A spatial and phylogenetic integration of the endemic mammals of the Neotropical region 

The cenocrons that characterize the areas of endemism of Neotropical mammals can be 

resumed according to the geographic ancestral distributions (Appendix 1 Table) and the 

divergence times of the endemic mammals (Figure 3). Considering that the Neotropical 

endemic mammals have their hypothetical region of evolution in America, we propose that 
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the Neotropical region is a complex scenario composed of five cenocrons (An, Ca, NA, NCA, 

SA) in which the role of dispersal has been important (Figure 3).  

Five endemic mammals evolved in North America (NA), two in North and Central 

America (NCA), one in Central America (CA) and one in the Antilles (An). The remaining 

mammals compose the Neotropical cenocron (SA). Although the temporal integration of 

endemic Neotropical mammals is difficult to propose, we supposed that the northern 

cenocrons (CA, NA, NCA and An) moved toward the south of the Neotropical Region 

(Figure 3). This result is consistent with one proposed biogeographic scenario, in which the 

isolation of South America’s mammal fauna ended by ∼10–7 Ma, and then permanent 

connection was established with Central America approximately ∼3 Ma (Carrillo et al. 2015), 

around that time the isthmian land bridge promoted the Great American Biotic Interchange 

(GABI) (Simpson 1980; Webb 2011). It is possible that the Great American Biotic 

Interchange was a phase of movement of the CA, NA, NCA and An cenocrons into South 

America between the Quaternary and the Tertiary at approximately 2.6 Ma, when a large 

majority of land mammal families were crossing reciprocally between North and South 

America (i e.g. Late Pliocene; Webb, 2011). For example, in Neotropical bats it is suggested 

that dispersal was more frequent than vicariance at cladogenesis (Rojas et al. 2016),  and that 

some rodents dispersed and expanded during the Miocene–Pliocene from the north to South 

America (Gutiérrez-García and Vázquez-Domínguez 2012).  

 The South America cenocron is composed of mammals of a wide range of ages; for 

example, the oldest species is Lichonycteris obscura (25.2 Ma; Ae1), while Phyllostomus 

discolor (0.3 Ma; Ae0) is the youngest (Figure 3). In this cenocron seven species (P. discolor, 

Chiroderma trinitatum, Eumops hansae, Molossus molossus, Molossus rufus, Nyctinomops 

laticaudatus and Vampyrum spectrum) are older than the Quaternary/Tertiary boundary. 

These endemic mammals may have evolved during the Quaternary then expanded their area 

of distribution towards the northern Neotropical Region more recently due the development 

of tropical forest, savanna and open habitats in America. The remaining species evolved 

earlier than the permanent connection between Central and South America, suggesting that 

they used the Isthmian land bridge to extend their areas of distribution toward Central 

America between ∼7 Ma or 10 Ma and 2 Ma, when the savannas, grasslands and rainforests 
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expanded in the Neotropics and the Panama Isthmus was completely formed (Hoorn et al. 

2010; Webb 2011; Carrillo et al. 2015).  

The integration of the SA and NAC cenocrons in South America occurred during the 

middle and late Miocene (Webb 2011; Carrillo et al. 2015). For example, the Great American 

Biotic Interchange offered the opportunity for older species (Tayassu pecari) (Webb 2011) 

to move into South American forests, and the Andes Mountains could have served as route 

of migration of northern taxa toward temperate environments in South America (Webb, 

1991).  A hypothetical order of the integration of migrant cenocrons into South America 

based on the ages of the mammals is: NA, NCA, CA and An. This result is also supported by 

analyses of geographic distributions pointing to South America and Central and North 

America as two important centers of diversification of Neotropical mammals, as suggested 

by the bats (Lim 2009; Gutiérrez-García and Vázquez-Domínguez 2012; Arita et al. 2014; 

Rojas et al. 2016) and other mammal groups (Müller 1973; Simpson 1980; Juñent 1994; 

Webb 2011; Carrillo et al. 2015). A set of barriers and corridors shaped by geological evolve, 

together with climatic complexity, affected the Neotropical mammals’ diversification and 

dispersion at different time and spatial scales. We consider that these hypotheses must be 

tested carefully given the absence of a geographic ancestral distributions scheme that include 

all endemic species of mammals. 

 

Conclusions 

The NRI and NTI values calculated using both world and regional phylogenies suggested 

that the Neotropical region is a clear pattern explained by phylogenetic clustering of endemic 

mammals mainly bats. Accordingly, the several biogeographical schemes proposed to define 

at the Neotropical region (Hershkovitz 1958, Kreft and Jetz 2010, Holt et al. 2013, Rueda et 

al. 2013; Morrone 2014b, Noguera-Urbano and Escalante 2015) could have similar structures 

and processes as wide areas of endemism, since the biological groups used have been affected 

by the same historical and ecological process. But, it is also possible that some of those 

biogeographical schemes do not have a specific phylogenetic pattern as occurs with single 

areas of endemism due to the lower richness of endemic species and the analysis scale. It is 

necessary to include several biological groups in biogeographic analysis to propose a single 

scheme. Areas of endemism are an alternative for proposing the boundaries of biogeographic 
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units and describing their biogeographic patterns and process. The core of endemism located 

in the tropics around the equator had the highest PD values and number of endemic species, 

and a pattern of phylogenetic clustering was evident there. The Neotropical endemic 

mammals have several geographic ancestral distributions and a range of ages, suggesting that 

they had an asynchronous integration as proposed by Prado et al. (2014) and Noguera-Urbano 

(2016). They evolved and compose the current snapshot of the Neotropical region, which has 

geographic and phylogenetic structure.  

 On the other hand, the size, perimeter, perimeter-√size ratio, and centroids of the 

geographical area of endemism are poor descriptors of PD. However, there was a stronger 

correlation between the richness of endemic species and the PD.  Consequently, it is 

necessary to explore this correlation in small-scale areas of endemism to describe their 

phylogenetical patterns and process. The integration of the Neotropical endemic species of 

mammals defined five cenocrons, which shows that the Neotropical region is composed of 

temporal strata of endemic mammals, and is evidence of the history of Neotropical species 

that are spatiotemporally integrated in an evolutionary unit (Neotropical region) as presented 

by Hershkovitz (1969), Simpson (1980), Webb (2011), and some other authorities. The 

integration of the SA cenocron and the other cenocrons in South America may have occurred 

after the middle and late Miocene. We suggest that while the hypothetical temporal strata and 

the history of integration proposed are a general scenario, this is an integrative explanation 

of the ecological, geographic, historical and phylogenetical patterns of the Neotropical 

region.  This study shows evidence of an evolutionary trade-off between the historical and 

ecological tendencies in areas of endemism at the Neotropical region scale. 
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Appendix 1. Table of Neotropical endemic species of mammals and their geographic 

ancestral distributions. Am: America; NA: North America; NCA: North America and Central 

America; CA: Central America; An: Antilles and SA: South America. Source refers to the 

bibliographic source of the geographic ancestral distribution, referenced in the list following 

the table.  

Endemic specie Ancestral area 
Divergence 
age in Ma*  Source  

Carollia castanea Am 25.2 (Rojas et al. 2016) 
Noctilio leporinus Am 11.9 (Rojas et al. 2016) 
Micronycteris 
schmidtorum Am 11.6 (Rojas et al. 2016) 
Tayassu pecari NA 10.3 (Gasparini et al. 2013) 
Sylvilagus brasiliensis NA? 9.6 (Ge et al. 2013) 
Myotis nigricans NA 4.6 (Stadelmann et al. 2007) 
Potos flavus NA 4.3 (Rolland et al. 2015) 
Eira barbara  NA 2.6 (Rolland et al. 2015) 
Carollia perspicillata NCA 7.7 (Rojas et al. 2016) 
Lonchorhina aurita NCA 3.1 (Rojas et al. 2016) 
Uroderma 
magnirostrum CA 0.6 (Holanda et al. 2012) 
Glossophaga soricina An 0.1 (Rojas et al. 2016) 
Lichonycteris obscura SA 25.2 (Rojas et al. 2016) 
Micronycteris minuta SA 20.2 (Rojas et al. 2016) 
Trachops cirrhosus SA 18.5 (Rojas et al. 2016) 
Myrmecophaga 
tridactyla SA 18.3 (McDonald et al. 2008) 
Leopardus pardalis SA 17.1 (de Oliveira 1998) 
Phylloderma stenops SA 16.4 (Rojas et al. 2016) 
Eptesicus brasiliensis SA 16 (Lim 2009) 
Eptesicus furinalis SA 16 (Lim 2009) 
Leopardus wiedii SA 15.1 (de Oliveira 1998) 
Chrotopterus auritus SA 14.7 (Rojas et al. 2016) 
Artibeus lituratus SA 12.9 (Larsen et al. 2013) 
Metachirus 
nudicaudatus SA 12.6 (Jansa et al. 2013) 
Noctilio albiventris SA 11.9 (Lim 2009) 
Lophostoma 
brasiliense SA 10.9 (Rojas et al. 2016) 
Diaemus youngi SA 10.5 (Rojas et al. 2016) 
Macrophyllum 
macrophyllum SA 10.5 (Rojas et al. 2016) 
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Thyroptera tricolor SA 7.6 (Rojas et al. 2016) 

Mimon crenulatum SA 7.1 
(Hurtado-Miranda and Pacheco-
Torres 2014) 

Saccopteryx leptura SA 6.1 (Lim 2010) 
Philander opossum SA 5.5 (Jansa et al. 2013) 
Galictis vittata SA 5.4 (Koepfli et al. 2008) 
Phyllostomus hastatus SA 4.7 (Rojas et al. 2016) 
Oecomys bicolor SA 4.6 (Schenk et al. 2013) 
Peropteryx macrotis SA 4.2 (Lim et al. 2008) 
Cormura brevirostris SA 4.2 (Lim 2007) 
Vampyressa thyone SA 4.2 (Rojas et al. 2016) 
Peropteryx kappleri SA 3.9 (Lim 2010) 
Micronycteris hirsuta SA 3.6 (Rojas et al. 2016) 
Eumops auripendulus SA 3.1 (Ammerman 2012) 
Rhynchonycteris naso SA 2.8 (Lim 2010) 
Mesophylla 
macconnelli SA 2.8 (Rojas et al. 2016) 
Cuniculus paca SA 2.7 (Upham and Patterson 2012) 
Chiroderma 
trinitatum SA 1.3 (Rojas et al. 2016) 
Molossus molossus SA 1.2 (Lim 2009) 
Eumops hansae SA 1.1 (Ammerman 2012) 
Molossus rufus SA 0.4 (Lim 2009) 
Nyctinomops 
laticaudatus SA 0.4 (Lim 2009) 
Vampyrum spectrum SA 0.3 (Rojas et al. 2016) 
Phyllostomus discolor SA 0.3 (Rojas et al. 2016) 

Notes: (?) Infered from the genus or its sister species; (*) Obtained from the “Optimal tree” 
by Fritz et al. (2009). 
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Appendix 2. Figs. Maps of the consensus areas of endemism (Ae), mapped by merging the 

maps of distribution of their endemic species. 
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CAPÍTULO III. SÍNTESIS DE LAS RELACIONES 

ECOLÓGICAS Y FILOGENÉTICAS EN LAS ÁREAS DE 

ENDEMISMO DE LOS MAMÍFEROS NEOTROPICALES 

 

III.I Environmental factors related to biogeographical transition 

zones of Neotropical mammals’ areas of endemism. 

III.II Areas of endemism: travelling through space and the 

unexplored dimension. 
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Abstract. Biogeograp hi cal trans ition zOll es are areas of a complex biotic mixture loeated a l Ihe bo rders belween 
biogeographical units. Climatic, phys ical and ecologica l factors shou ld play an importa nt role in a ll owing coexjstence 
of diflcrent biotie elemcnts in Ihe transitíon zone. Here, \Ve explore lhe relationship bctween environmenlal fac tors and 
biogeographical trans it ion zones, defin ed by Neotrop ica l manunal distributions, by a mode l seleclion approach based on 
the Akaike infonnation criterion and account íng 10 1' th e spatíal slructurc in lhe data. We detected three arcas of high 
overlap between mammalian areas ofendcmisJ11. Two of thcm corresponded to the we ll-establi shed reg ional-leveJ transition 
ZOlles, namely Mexican (MTZ) and SouLh American (SATZ) tmnsition zones; the tbird was one located in south-eastern 
Brazi l. approx imate ly belween the Paran á and Chacoa n dominion that we call The At lanti c Forest integration zo ne (AF). 
O nl y one exp li cati ve va riable was shared by th e three transitions zones (precipitati on o fth e warmcst quarter), I-Iowever. 
shared variab les with great explanatory power ind icated two environmental aspecrs as facilitators for the coex istence 
of diffcrcnt biotic componcnts in a given gcograph iea l area. The firs l one was the heterogene ity component, e ither 
topogmphi c fo r Ihe SATZ and MTZ or cl imati c for lhe AF. The second one \Vas related non-ex treme themlal 
conditions: precipitation of th e warmest quarter, interpreted as a thermal buffer, shared by AF and SA TZ, and 
isothennal ity shared by MTZ and SATZ. 
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Introduction 

The biogeographical regio ns are defincd by the occurrence of 
taxa in a parti cu lar geogmphicaJ area, and Il owhere clse, 
namely endemic taxa. When several endemic taxa share si mi lar 
geogra phical dislribu tion ranges. this is frequent ly considered 
to be a consequence of barri ers (phys ica l or ecologica l) that 
have hislori cally iso lated biota, proll1oting spec iation and 
shaping lheir d islribution through evolutionary time (Ne lsol1 
and Platnick 1981; Haffer 1982; Cra crafl 1985). Such seIs o f 
co-distributed endemic taxa, or sets of spat iotemporally 
integrated laxa thal coex ist in given areas {biotic componenlS 
senSII Morrone 2009). define arcas of endemism. Arcas of 
endemism are the bas ie llllits of evolutionary biogeography 
(Parenti and Ebach 2009, Noguera-Urbano 2(16) used to 
propase biogeographica l categori es (regíon, domain, provi nce; 

Joumal compi lation © cs rRQ 2017 

Escal antc 2009 ). Biogeographica l transition zones are 
areas of biotic mixture located at the borders of diffe rent 
biogeogmphica l regions (MotTOOe 2006). Thus, the 
biogeographi cal transitio l1 zone occurs when two 01' more 
areas of endemism overlap each other (Naka 20 11. Noguera
Urbano and Escal ante 2015 )_ leading to the blend ing of two 
distincI bioti c componcnts . The transition zone is a gcographical 
area of overlap. replacemcl1t 0 1' pa rtial segregation between 
these biotic components, e ither due to the attenuntion of a 
pre-existing barrier or as an ongoing process of biolic lim itation, 
such as progressive gradi ents of envi ronmental condi tions. 
Therefore, in a biograph ical transition zone_ phys ical fea mres. 
environmental conditions and eco logica l factors may all a ll ow 
these biotas to mix but constrain their fl lrther di ffu sioLl into 
one anoth er (Ferro and Morrone 2014). 

W\vw.publish.csiro.auljoun1:l1slasb 
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Eru"ly zoogeographers recognised lhe Neotropical regian 
on tile basis o f biotic singu larity as a geographical area 
compri sing South Amcrica , Centra l America. lhe southern halF 
of Mexico and the AntUJ es, a scheme widely accepted by 
vel1ebra le zoogeographers (Cox 2001). Within SOllth America, 
c1ass ical mammal ian biogeographica l rcgional isation di vides the 
cantincn! ¡nto two subregions. namely, the north·eastem tropical 
lowlands (Guayano-Braz ili an subregion) and the central 
Andean highlands and so ulhern lowlands (Andean- Patagonian 
subregion; c.g. Wallace 1876; Sclater and Sclater 1899; 
I-I crshkovitz 1969). Howevcr. a more restrictive dcfinition of 
the Neotropica l regian, proposed mainly by phytogeographers 
and invertebmte zoogeographers, considers the southem portion 
of South Alll erica as a dirferent region, namel y, The Andean 
region (see rev ision in Morrone 20 14). This latte r scheme defined 
the deepest transit ion of the biogeographical hierarchy in Ihe 
Ameri can continent as fo llows: between the Holarcti c kingdoll1 
and Holotropica l kingdol11 inlhe Mexican transition zone (MTZ), 
and belween Holotropical and Austral kingdom, in Ihe Soulh 
American lransilion zone (SATZ: MOITo ne 20 15 ). Regardless 
of me hicrarchica l categorisntion proposed by diITerent authors 
(kingdom, region or subregion), this continental pattcm 01' 
reg ionali sation has been repeatedly recovered by modern 
numerical techniques applied to vertebrate di slributions (Kreft 
and Jetz 2010: Proc h~ and Ramdhani 20L2; Holl el al. 201 3; 
Noguera-Urbano and Escalan te 2015; Escalante 20 16). 

Because lransit ioo zones occur between two or 1ll0re 
biogcographical units, a desirab le prerequi silc fo r snldying 
them is tlle definition of biogeographical units. In evolutionary 
biogeography, transition zones may be detected by conflicting 
results in cladisti c biogeographical analyses (because a putative 
transit ion zone may be the sister area to di fferent biogeographical 
arcas) or by lhe presence of panbiogeographical nodes, namely 
areas where different gcnera lised tracks converge (Morronc 
2009). Although showing a mix ture of biotic components. 
panbiogeographical nodes are unable 10 distinguish Ihe 
geographicat extent of transition zones. In contrasl, hybridising 
areas of cndemism on a general-arca cladogram define transition 
zones with ha rd boundaries, thus neglect ing the perception of 
spatial length and strength of transition zones (Ferro and 
Morrone 201 4). Acknow ledging thal biot ic component are 
spatio-temporal imegraled sets of laxa and mat may be ei ther 
depic1ed as arcas 01' endemism or as generalised tracks in 
panbiogcographical ana lys is (MOrrollC 2009), we used intcrscction 
of arcas of endemism de fined by mammal distributions lo 
recognise t.ransition zones in lhe present study. These areas 
of endemism were takeo froID a recently publisbed analys is o f 
Neotropica l mammal endemism by Noguera-Urbano and 
Escalante (201 5). On the basis of endemici ly analysis, these 
authors identified arcas of endemislll that approximately 
coillcided with classical biogeographicaJ units. Also. tbey 
found two complex (transitional) areas and showed that rhese 
trans itions matched wilh areas characterised by hi gh topographic 
variabi lily. namely, lhe Andes for SATZ and the Sierras Madres 
for MTZ. Nonetheless, lhe importance of environmenlal fac10rs 
0 11 tile transitions zones remai ns unclear. 

Here, we exp lored the relationship between biogeographica l 
transition zones and environmemal explanatory variables. 
Whereas the spatia l patlem in spec ies richness has been widely 

E. A. Noguera-Urbano and 1. Ferro 

related to climatic and environmental factors, the relationships 
between sucil factors and biogeographical transition zones have 
been poorl y explored and not quantified. Because a tmnsitiol1 
zone implies that several spec ies from two or more areas of 
endemism ha ve reached theirdistributional-range l.imits, physica l 
and cl imatic factors should play an important ro le, and, al 
least, may pmtially explain the phenomenon. Therefore. we 
hYPolhesise thal if 1here is a genera l process shaping Ihe 
panern of transi lion zones, lhen il acts in a similar manner in 
differem transition zones and involves lhe same variables. 

Materials and methods 

Oetection of biogeographical fransitioll zones 

To detect biogeographica l transition zanes, we used reccntly 
published analysis by Nog uera-Urbano and Escalante (20 L5) 
1hat idelllified areas 01' endemism on lhe basis of mammal 
di sLributions 1aken from rUCN range maps (fUCN 20 12). 
These aulhors analysed a matrix ol' 1782 mammal species in a 
grid of 2° latitude-Iongitude of the American continent by 
endemicity ana lysis. We defined our stud y area as the area 
belween 32Q N and 3rS I¡¡ti tude, encompassing lhe whole 
NeotropjcaJ region. \Vithin th is studied area. \Ve lrans fomled 
84 areas of endemism found by Noguera-Urbano and Esca lante. 
(201 5) from vector fomlat to raster al OS ' latitudc-Iongitude 
resolution. Then. the areas of endemism in raste r fonnat were 
summed to obtai.n a resulting raste r of the areas of endemism 
overlap (AEO) in the Neotropical reg ion. Therefore, we obtaiJl ed 
a map 01' biogeographical transi lion zones based on the 
intersection between two or more areas of endelllis lll defined 
by mammal di stributions. To reduce the numbcr of pixels 
involved in the analysis of the relationship between AEO and 
envirollmental variables, we focused on tbose zones with high 
AEO. Thus, \Ve identified regions \V here lhe highest AEO occur. 
and then use a buffe r of 300 km around those areas. AH sralial 
processes were executed in QGIS, ver. 2. 18 (QGIS Development 
Team, Open Source Geospatial Foundation Project, see http:// 
qg is.osgeo.org, accessed 12 Muy 20 15). 

Expla/latory variable selectiolls 

Explanatory va riables were taken from the 19 bioclimatic layers, 
ve r. 1.4 (Hijmans el al. 2005, see hllp :/lbiogeo. berkeley.edul 
worldclim, accessed 24 February 2015), al the resolution of 
2.5 min (-5 km2

) and a topographicvariable layer (altitude) 
was obtained from the dig ital elevation model (DEM) at the 
same resolulioll . A II explanatory-variable layers were resampled 
us ing cubic lechnjque lO 0 .5 degrees, wh ich \Vas the final spatial 
resolul ion of thi s analysis (-55 km2

). We evaluated 
multicollinea rity among the 19 bioclimalic variables by Ihe. 
va riance inftation factor (VI.F ; Zuur el al. 201 0) and 
progress ive ly eliminated variables until VLF was <2 fo r each 
valiable (Pearson rof .-<0.5 ). Ofthe 19 biocl imalic variables, five 
(VIF of <2) were used for modeUing biogeograp hica l transition 
zones. The 14 variables removed after VIF analysis were used to 
bu itd Ihe c1imatic helerogeneity layer (see below). For the 
Mexican and the SOllth American transition zones, the same 
fi ve va ri ables were retajned for modelling (V 1.F of <2), and 
included isothennality (bi03), mean temperature of wettest 
quarter (bi08), precipitation seasonality (bio 15), precip itation 
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of the wannest quarter (bioI8), prec ipitation of tbe co ldest 
qllarter (bioI9). For the Atlantic Forest integration zone, mean 
diurnal range in temperature (bio2) and mean annual precipitation 
(bio 12) were retained together with bio3, bio8 and bio 18. This 
resulted in eight explanatory variables (including eigenvector 
filters, topogmphic-and climati c hcterogeneity) included in each 
transition zone for tbe model-selection analys is. 

Environmental faclors and topograp hical variatiol1 emerge as 
pril1lary predictors of mammal biogeographic pattems (Kcrr and 
Packcr 1997). Thercfo re, we included as pred ictors two other 
variables, namely, climatic and topographic heterogeneities. The 
climatic hcterogeneity was calculated for each tmnsition zone 
using tbe 14 variables removed afie r VIF analysis. First, we 
reduced dimensionality oflhe biocl imatic variables by prineipa l
component analysis (peA). The PCA facilitates lo eonsider 
multiple climatic variables at the same time and sununarises 
them into synthetic variables . We then calcu lared Ihe cl imalic 
hetcrogeneity, weighling the first three principa l eomponents 
by lhe amount of variation (percenlage of eigenva lues; 
Tab le S I. avai lable as Supplemenlary material for Ihis paper) 
explained across the map layer, and surnmed them to produce 
Ihe final heterogencity layer (sce Brown 2014 tor procedure 
dctail s). Topographic heterogeneity was quantified as the 
standard devialion of the eleva lion calcu lated from each raster 
pixel and the 24 ce ll s neighbouring the focal cell (5 ce ll s by 5 
ce ll s). Sta ti slical ana lyses were perfonned using SDMtoolbox 
(Brown 20 '''' ) and R (R Foundation for Statistical Computing, 
see hnp:/lw\Vw.Rproject.org/. accessed 25 Oclober 20 13). 

Sraristical modelling of transirion zones 

Al! selected va riables were slandardi sed into units of variancc 
fo r further analysis. For Illodelling the biogeographica l transition 
zones, we used an Akaike infonn31ion eritc ri on (AIC) model
se lectiol1 approach. accounting for the spatial Slrueture 
(aulocorrelalion) in lbe data by a technique known as spatiaJ 
eigenvector mapping (SEVM) oreige-nvector-based spatial filters 
(Diniz-Filho and Bini 2005). The spatial filters (eigenveelors), 
representing the stmetme of Ihe dala al different spatial sca les. 
were obtained from Ihe principal coordinate ana lys is of 
neighbour matrices from a lruneated pairwise-distance 
re lationship among ce lls. We se lected Ihe combination of filters 
that minimised Ihe spatial ulIlocorrelation in the model res iduals 
by kceping Moran' s i bclow 0.05 in Ihe first di stanccclass. $patial 
eigenvector filters were inco rporated as explanatory variables for 
all models (Diniz-FiJho ef al. 2008). The model-se leetion routLne 
was performed in Spatial Analysis in Macroecology (SAM) 
software, ver 3.1 (Rangel el al. 2006, 2010, see bttps:/lwww. 
eeoevol. ufg.br/sam/, accessed 15 OClober 2014). 

To evaluale the mode! lhal best exp lained eaeh mammal 
biogeographical transition zone, we used the sample-corrected 
AIC (AlCe) for each proposed mode\. se lecting as the best 
J110d els those with lhe mínimum AlCe. We evaluated models 
by ea1culating the difference berween AlCe of eaeh mode! and 
lhe mín imum AlCe fOllnd for Ihe sel of models compared 
(ó..A1Ce). The relative contribution of each variable was 
estimated by Ihe average of IheiJ coefficients across all models 
in whieh they \Vere present , by Ihe Aka ike weight oreach Illodel 
IV,. (Dini z-Filho el 01.2008). 
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Results 

Oetection of biogeographical frans;tion zones 

We delecled three zones where areas of endelllism were 
highly integrared (Fig. 1). One was located in Mesoamerica, 
approximately eoineiding with the MTZ (Morrone 20 14). 
Another one \Vas located in the tropica l Andes, co inciding 
wirb lhe Andean portion of lhe SATZ (senslI Morrone- 20 14). 
Finally, we detccted a high mixtu re ofarcas of endclllism locatcd 
in south-easrem Brazil between lhe Paraná and the Chaeoan 
dominion of the Neotropical region, that we call Atlantic 
foresl iniegralion zone (Fig. 1). 

Modelling /);ogeographical transition zone 

Mexican lransiliofl zone 

For the MTZ, of lhe 127 eva Juated l11ode ls, 6 \Vere best 
modcls aceording to the AlCe val ues, and can be considered 
equi valent acco rding to tll cir ó..A ICc val ues of <2 (Burnham and 
Anderson 2002) (Table 1). Al1 tJlcse models explained 94% of 
variation in tbis transition zonc. Model lenglh ranged frOIll five 
lo seven variables, but the best lllodels were those wilh fewer 
vari ab les. The t\Vo 1110dels with lhe lowesl AlCe were equal 
regarding rh e Likelihood ofbeing Ihc bcst one (17%) accord ing 
to 1\1¡ va lues, whereas the remaining models \Vere belo\V 8% 
aecording to \lit values . The following four variables were 
present in all selected models: precipiration of the wannesl 
quarter (bioI 8); precipilation of lhe coldest quarter (bioI9); 
isolhermaJity (bioJ ); and topographie heterogeneity. The 
variable with Ihe Ilighest explanator)' power, eO llsidering all 
mode ls, was isothennality (b io 3) followed by lopograpbic 
heterogeneity (see standardised coefficient in Table 2). 

South American transition zone 

Ofthe 127 poss ible models for the SATZ, four models wi rh 
the lowest AJCc were equivalent according to their t1A ICe 
(Table 1). Each lllodel explained 89% of Ihe va ri anee in thi s 
biogeographicaJ trans ition zone , including five lo seven variables 
and different combinations across models . The model with the 
lowesl AlCe was the besl one according lO w; va lues (2 1%). 
For the remaining three models. IV; va lucs were below 12% 
(Table 1). Beyond cigenvector filters. whicb account for 
spatial struetllre in lhe data for every model (a lways presenl), 
oflhe seven altemative explanatory variables, Ihe following four 
were presenl in all scleetcd modcl s: prccipitation of warnlcst 
quarter (bioI 8); isothennality (bio3); topographic and climatic. 
heterogeneily. The best model also inc1uded mean tempernturc 
of rhe wettest qualler (bio 8) , which \Vas presenlin three of the 
four best-mnked modeJs. When eonsidering the explanato!)' 
power of eaeb variable aeross every model in which il was 
present, topographie hcterogeneity \Vas the variab le with the 
largest slandardised coeffieient. fo llowed by precipitatiol1 of 
the wanncst quarter (bio 18) and isothermality (bi03 ; Table 2 ). 

Arlantic Forest in legration zone 

Forthis arca, 14 models with ó..A1Cc < 2 \Vere se lected, eac.h 
one explaining 96% of the variance (Table 1). The number of 
variables inclllded in the se leeted models ranged fmm Ihree lo 
six, but best models included few variables. Only one va l;uble 
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Fig. 1. Arcas of cndcmism of ¡he Neotropical manmlals oycrlapping and Ihe biogcographical transition zones 
dcfincd in Ihe prcscnt papero A. Studicd arca, AEO (areas of cndcmism ovcrlapping) and biogcographical units by 
Morrone (20 14). B. Mexican transition zone. C. South American tmnsilion zone. D. Atlantic Fores! integration zone. 
Thc scalc indicates AEO from Ihe lowcst (light) to Ihe highcst (dark). 
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was present in all selected models. namely precipitation of 
Ihe wannest qUat1er (bio 18). The best cxplanatory variables 
according to standardised coefficient wcrc precipitation of the 
wanncst quarter (bio 18) and climatic heterogeneity (Table 2). 

Discussion 

Al! Ihe biogeograpnical divisions of earth imply lil e existence 
oftransition zones between Ihe divided units when contiguous. 
Biogeographical transitions are usual ly represented cartographically 
as sharp lines drawn 011 maps. However, rather than just static 
lines, rransition zones in volve areas containing grndients 
of biotic composition (Williams 1996: Ruggiero el al. 1998; 
Williams el al. 1999: Ruggiero and Ezcurra 2003). Such gradien ts 
in biolic composition shou ld be mapped lo identify places 
where major inlergradations occur (Ferro and Morrone 2014). 
By measuring overlap between diffcrcnl mammalian areas of 
endemism we recovered Ihree zones of substantial contacl for 
the NeotropicaJ region . Two of Ihese zones coincide with the 
classical regiona l-Ievel transilion zones of Ihe Neotropical 
region. namely lhe SATZ and lhe MTZ. However. whereas the 
[ocalion of MTZ defined by Morrone (2014) approximalely 
coincided \Virh our finding, Ihe SATZ differed lO SOIllC extenl 
(Fig. [). According lo Morrone (20 I 4), lhe SA TZ in Ihe lropical 
Andes includes the Paramos, and the western (d.ry) slopes ofrhe 
Andes (Puna , Atacama, Prepuna and Monte biogeographical 

3QOQ'Q"W 

(COllfil1/1ed) 

provinces). Our findings agreed with Ihose of Morrone (20 14 ) 
in tha! the Paramos (northem Andes) are part ofthc SATZ, bul 
differed in Ihe centra l Andes, where the transition zone was 
located al lhe easlem (humid) slopes of the Andes. The third 
prominenl area identified in the present papel', the Atlantic Forest 
inlegration zone, is locatcd belween rhe Chacoan dominion and 
the Paraná dominion. This area has not becn previously 
recognised as a slrong continental tramition zone and would 
require a formal definition. However, recenl continental analysis 
of species tumover showed a high rate ofreplacemenl in thi s area 
for birds (Mela el al. 2009) and rodents (Maestri and Patterson 
2016). Additiona ll y, Costa (2003) reported incongnlence of 
branching pattcms among areas using cladis tic approach for 
srnall mamrnal taxa occurring throughout Atlantic Porest. 
Amazon forests, Cerrado and Caatinga regions. Furthermore, 
lhe Allantic Foresl (paraná Dominion) and Brazilian Cerrado 
(Chacoan Dominion) have becn rcpeatedly recogrused as a 
hotspot of endemislll and biodiversity (Myers el al. 2000; 
Mittenneier el al. 2004, 2011). Thus, all this ev idence suggests 
an exislence of a prominenl biogeographical transition zo ne in 
Ihis region. 

A commonality among Ihe areas of biotic component 
mixture reported in rhe present papel' is Ihe presence of 
mountain arcas associated with cach one, including rhe central 
Andes in South America, the Sierras Madre in Mesoamerica and 
the Serra do Mar in eastern Brazil. This is importanl because 



185 
 

  

Environment and Neotropical transition zones AItSlm!iw/ Systel1llllic BOlatly 491 

Table 1. Pa ra melel" estima lt's fO I" besl Neotropital t ra nsitiOn· zone mod els selected according to Akaike weighls (AlCe 11',.) 
Bioclimatic yariables (bio): 2, mean diurnal range in temperature: 3, isothermali ty; 8. mean lemperalure of welteSl quar1er; 12. mean annual prccipitation; 
15. precipitation seasonality: 18. prccipimion of warmest quarter: 19. precipitation ofcoldcst quartcr. CH. c limatie hetcrogcncity: T I-I . lopogr3phic hctcrogcncity; 
EF, eigenyector fi1ter; Cond,Num .. eonditionalnumber; AlCe, eorreeted Akai ke's infonnation criterion; della AlCe, difference between AICi and the mínimum 

AIC found lor the sel of mode ls eompared 

Trdllsilion ZOIlC Besl modc l Variable 

Mexiean Iransition zone Mod #71 3, !), I ~ , 19, TH, EF 
Mod #74 3.18, 19. T I-I , EF 
Mod #8 3,8, 15, 18, 19, T I-I , EF 
Mod #70 3,8. 18, 19. CH, TH. EF 
Mod 11 73 3, 18, 19, CH, T I-I , EF 
Mod # 11 3.15.18.19, T I-I . EF 

Soulh American transitlon zonc Mod #85 3, 8, 18, CH, ni, EF 
Mod #22 3, S, 15, 18. CH, T H, EF 
Mod #88 3, \8. CH. TH. EF 
Mod #70 3.8. 18. 19. CH, T H. EF 

Atlantic Forcst intcgration zonc Mud #79 2.18. CH. EF 
Mod # 16 2. 12 , 18, CH, EF 
Mod #3 2, \2, 18. EF 
Mod #66 2,18, EF 
Mod #94 18. CH, EF 
Mod 1i 13 2, 8. 12, 18, CH. EF 
Mod #9 2, 3, 12, 18, CH , e F 
Mod # 17 2, \2. 1 S, CH. TH, EF 
Mod # 18 2, 12, 18, TH , EF 
Mod #31 12. 18, CH. EF 
Mod #/lU 2, 6, 1/l, TH, EF 
Mod 1172 2.3. 18. CH. EF 
Mod # 12 2, 8, 12, 18, EF 
Mod #76 2.5, 18, CH , EF 

di fTe rences in elevatian entail s strong envirollmenta l changes 
that eertain ly affeet lhe distribllt ion oforganisms. imposing biotie 
limitatíon and promoting difTerentiation among biota. Indeed, 
~ divers ity as a measure of the differenee in speeies compositian 
has proved lo be useful for detection oftransil ion zones between 
biogeographical regions (Williams 1996; Ruggiero ef al . 1998; 
Ferro 2013. Ferro ef al . 2017 ). An assessment of environmental 
dri vers for ~·djversi ty al continental scales has shown that 
topograph ie heterogeneiLy is the bes! prediclor for lumover 
pattcms of birds and mammals in Ihe American cantincnt 
(Melo el al. 2009, Maestri and Patterson 2016). Addi tionally, 
even within ecoregions, variabilily in elevat ion isa good predictor 
for ~ divers ity in birds (Veech and Crisl 2007 ). 

Al! se leeted models included shared variab les with strong 
explanatory power. particularly, fo r Ihe SATZ and lhe MTZ, 
the fo llowing three of the fou r selected variables for each best 
model we re shared: topographic heterogeneity. isothennality 
and preeipit ation of lhe wa nnesl quarler (Table 1). For the 
Atlanti e Forest inlegrati on zone, lhe fo llowing two va riables 
wcrc eonsistently selected: prec ip ilation of the warmesl quarter, 
also selected for models in Ihe other IWO transitions zones 
recognised in Ihe presenl paper. and climatie bcterogeneity. also 
se lected for aU besl models of the SATZ. The presenee of 
a simi lar set of va riables wi th strong explanalory power in 
di ffe renl tra ns ition zones suggests the ex istence of a general 
process shaping Ihis phcnomenon, bul the di ffc rcnee in the 
explanatory power of these va ri ables in di ffe renL models al so 
indicates some singularili es for each reg ion. 

" Cond.N um, AlCe DelIa A lCe AlCe II'¡ 

0.937 3.449 2 124.3 1 O 0.172 
0.937 3.449 2 124.322 0.013 0.171 
0.937 3.526 2125.7 1.39 0.086 
0.937 3.504 2125.761 1.45 1 0.083 
0.937 3.501! 2125 .81 1 1.50 1 0.081 
0 .937 3.522 2126.064 1.755 0 .072 

0.89 2.99~1 865.036 o 0.21 
0.89 3.3 866.099 1.063 0 .12 
0.889 2.794 866. 168 1. 132 0 .12 
0.89 3.2n 867.029 1.994 0.078 

0.959 2.075 1977.847 o 0.049 
0 .96 2.76 l 1977.857 0,0 1 0.049 
0.959 2.63 1978.624 0.777 0.034 
0.959 1.914 1978.717 0.87 0.032 
0,959 1.962 1978.749 0.902 0 .031 
0.96 3.088 1979. 158 1.3 11 0.026 
0.96 2.84 197(1.33 1 1.484 0.024 
0.96 3.01 1979.404 1.557 0 .023 
0.959 2.822 1979.436 1.589 0.022 
0.959 2.573 1979.597 1.75 0.02 1 
0.959 2.361 1979.598 1.75 1 0.U21 
0.959 2.2 1979.615 1.768 0.02 
0.959 2.94" 1 979.(j4 I 1.794 0.02 
0.959 2.203 1979.764 1.9 18 0.019 

Topographie beu :rogeneity quantifi es the variation among 
pixel va lues of an elevation ¡ayer. This variable yielded the 
greatest ex planatory power for Ihe SATZ, where Ihe elevation 
grad ienl is notori ously ab rupi (more than 3500 m in a few 
dazen Iinem kilaruetres), and it was Ihe second mosl iruportant 
one, considering its explanatory power, for the MTZ. As 
discussed above, di fferences in altitude and the correlated 
temperalure va liaLions are sUlTogales fo r hab itat di fferentiation 
and are re lated to biological diversity. However, heterogeneo us 
topography can a1so play a role in the interminglc of biatic 
components, favoured by non·extreme cl imatic eonditions. As 
a consequence of topographic heterogenei ty, microcl imatic 
condilions frequently va!'y within small geographical areas. 
For instance, solar radiation depends on slope orienlation, 
moisl capture is higher on ri dges, whereas adjacent va ll eys 
are frequently dryer (Sarm ie nto 1986). These microdimatic 
condi tions generate a network of vegetation patches with an 
assoeiated d istin c li vi~ fau na (Ferro and Barquez 2009). Thus, 
the interacting infl uenees of climate, topography and soil on 
a mounting side may be importanl detem'¡nants al' species 
distributiona l range·limit integration at a loca l scal e. Although 
mountain ranges are present in the Atlantic fo resl integration 
zone, the topographi,:: heterogeneity was not a relevant va riable 
in t,his reg ion, being present only in 4 of 14 seJecled olodes 
(Tab le 1) and wilh a low explana lory power (Table 2). This was 
probably dllc to Ihe short clcvation gradient, with only iso lated 
peaks being higher (han 2000 m (Saf ford 1999). However, the 
lopography, logether wilh Ihe decreased rainfa ll away from the 
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T ablc 2. Summary orille parameler eslimales ror \'adables 3\'eraged :across 127 spatial ordinar}' leasl squarcs (OI.,S) for Neotropicallransilion zOlles 

Numbers indicate bioclimatic variables (bio; see Table 1). CH, clim3lic helerogeneity: TH, lopographic helerogeneity; PF, predicted by filler: coen:. coemcienl; 

s.d. coen :. standardiscd cocffic;enLS: s.c .. standard error anlll, I-values associated 10 slanllardised cocflicicllts 

Traru;ition zone Variable Imponance CocfI 

Mex ;Clln trJ.ns ilion zone Constanl - 0.8 
3 0.999 0.014 
8 0.543 0.001 
15 0.3 14 0.001 
18 0.801 0.001 
19 0.878 0.001 
CH 0.337 - 0.003 
TI< 0875 
EF 0.936 

Soulh American transition rone Conslant 0.001 
3 0.91 0.031 
8 0.709 - 0.025 
15 0.374 -0.013 
18 0.99 0.041 
19 0.289 0,001 
CH 0.748 - 0.025 
TH 0.987 0.05 
EF 1 0.954 

Atlant;c Foresl intcgmtion zone Conslanl 0. 12 
2 0.602 - 0.001 
3 0.353 - 0,001 
8 0.3 18 0.001 
12 0.486 0.001 
18 0.844 0.001 
eH O.b03 0.00' 
TI-I 0.366 0.173 
EF 0.989 

c.oasts, creates a complex mosaic of vegelation types (rain fores!. 
Arallcaria forests, seasonal dec iduolIs and sem ideciduous forest, 
and lbe Cerrado), accounted for in our analysis by climalic 
heterogeneity, which certainly affects mammals distributions 
and has affecled their evolution in Ihis regian (Costa and Leite 
2012, Machado ef al. 2013, Leile el al. 2016). 

Anolher obsetved recurrenl explanalo!)' variable is 
isothermal ity (bio 3). which was lhe variable with greatesl 
explanato!)' power for lhe MTZ (mean = 60%). This variable 
quantifies thennal variabi lity as a quotient between diumal 
temperature osei llations relative lo lhe annual lemperature range. 
The higher the value, the more similar the diurnal and annual 
tcmperalure ranges are. Thus, in isotheml<\1 regions. temperature 
remains fairly constant year-round, witb the seasonal variation 
in temperature regime being sinlilar to the daY- l1igbl variatioo. 
Beeause biogeograp hical transition zones are areas where 
marginal dislriblltional ranges of species overl ap, populations 
inhabiting the transitio ll zones are al , or near. their limits 
of physiological tolerance. Therefore, high isothermal reg ions 
would prevent extreme cooling or heati ng events, favouring 
lhe pers istence of spec ies belonging 10 differell t biotic 
components with different histori ea l settings. In facI, higb 
rates of mortality in margi nal populations occur after extreme 
environmental events (Gaston 2009 and reference therein). 

The third pervasivc va riable is precipitation of the wanllcst 
quarter (b io 18). wbicb was present in lite best models for Ihe 
three transitioll zones here identified (mean MTZ = 635 mm, 

s.d. cDelr S.e. 95% lower 95% upper 

O 0.209 - 3.822 - 1.21 -0.39 
0.053 0.003 4.113 0.007 0.02 
0.013 0.001 2.8 16 0.001 0.00 1 

- 0.005 0.001 - 1.726 --0.001 0.00 1 
0.025 0.00 1 2.726 0.001 0.001 

- 0.026 0.001 - 2.725 0.001 0.00 1 
--0.008 0.00 1 - 2.4 12 -0.005 0.001 

0.045 0.202 4.327 0.4 79 1.271 
0.905 0.0 14 67.292 0.909 0.964 

O 0.009 0.001 -{l.0 1! 0.018 
0.031 0.0 11 2.863 0.01 0.053 

-0.025 0009 - 2.697 -{l.043 - 0.007 
-0.013 0.005 -2.423 -0.023 -0.002 

0.041 0.012 3.376 0.017 0.065 
0.001 0.004 0.005 - 0.008 0008 

- 0.025 0.009 - 2.722 -0.043 -{l.007 
0.05 0.0 16 3.102 0.018 0.08 1 
0.898 0,013 72.77 1 0.928 0.979 

O 0.153 0.785 - 0.18 O.4Z 
--0.009 0.00 1 - 2.756 -{l.003 0.U01 
-{l.OOS 0.001 - 2.393 -0.003 0.001 
-<l.004 0.001 - 1.903 0.00 1 0.00 1 
-O.OOY 0.001 -2.607 0.001 0.00 1 

0.017 0.001 2.54 0.001 0.00 1 
001 0.001 2.775 0.001 0007 
0.006 0.07 2.47 0.036 0.3 11 
0.969 0.007 133.264 0.974 1.004 

SATZ = 919 mm, AF = 570 mm). J-ligh temperatures and 
water availability ha ve been repeatedl y mentioned as direel 
key climatie detenninants of spec ies richness aeross the 
wo rl d (see rev ision in J-Iawkins et al. 2003). J-I owever, 
although obviously related to water supply, Ihis variable can 
be intcrpreted as a temperature buffer, prevenl"ing heat stress in Ihe 
fram ework of trnnsition zones. Mammals, as endolhenns, 
can better tolerate low temperatures than high temperatures by 
dail y lorpor or increased food consumption 10 main lain energy 
ba lance. lndeed, high ternperatures and lbe resulting heat stress 
have ¡arge effects on masl aspects of reproducti ve function in 
mammals (I-Ieldmaier er al. 2004). Thc evaporalive cooling effect 
of rai nfall during the wannest periad ofthe yea r can enhanee the 
thermoregulato!)' demand of mammals, reducing tbe deleterioll s 
effects ofheat stress (J-Iansen 2009). Tbus, rainfall in I.be warrnesl 
quaner probably facililates the coex istence of a sel of mammal 
species with different di striblltional ranges. and presumably wilh 
difTerent thermal req ui rements, in a given geographical area . 

Our results have demonstraled Ihe ex istencc of a similar set 
of related envi ronmenla l variab les for all the transition zones, 
with the variab les being almosl the same for the MTZ and 
SATZ, bul different for the At lantic Forest integration zone. 
Desp ite Ihei r differences, some commonaliti es could be found. 
The most apparent one was the hcterogcneity component, being 
topographic for the SA TZ and MTZ but climat.ie for lhe Atlantic 
Forest. The prec ipitation of the wannest quarter, which is the 
va l;able with Ihe greatest explanatory power lo r Ihe At lantie 



187 
 

  

Environmenl and Neotropical lransilion zones 

Foresl integration zone. and the second-grealesl for the SA TZ. is 
interpreted as thennal bufTer.Whereas precipitation variable 
had low exp lanatory power for Ihe MTZ, Ihe va riable with the 
highest explanalory power for Ihis zone \Vas isolhennaJi ty. 
which is rclated lo Ihennal stability throughout the year. 
Thercforc, we fo und sorne support for our hypothes is of 
Ihe existence of genera l processes shaping biogeograpbica l 
transiti on zones. However, Ihe contribution of Ihese variables 
to all 1l10del s was smal!. suggesting thal additional faclors may 
enhance our understanding of Ihe processes in biogeographical 
transition zones. Particularly, historieal factors such as orogeny, 
river dynamics. hi story of g lacial cycles, sea-leve! ehanges, 
climatie changes favouring Ihe fonnation of refuges, and 
eeotogiea l fac tors sueh as guild composilioll and niche 
difTerentiation among biolic componcnls would retum a more 
complete picture of the integration of biot ic componenls in 
biogeographical transilion zones (Leile el al. 201 6: Ficelola 
el aJ. 20 17). No nethe1ess. as a firsl approaeh 10 assess the 
c1imalic and environmental properties of biogeographica l 
lrans ition zones, our findings suggesl a general trend in prediclors 
as trans ition-promol·ing fae tors related lO heterogcneity 
(topographic and c1imalic) and non-extreme thermal conditions 
(precipitation of Ihe warmest quarter and isotherma li lY). So as 
lo confinn or reject lhe generality of our results, further 
investigalion sho uld eva luate transilion zones at differenl 
spatial and hi erarchica l sca les, as we ll as from differenl 
regions around lhe world. 
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Table S1. Summary of the principal-component analysis (peA) on the climatic variables used to 
build the dimatic heterogeneity layer for the transition zones 

Bioclimatic variables included in the PCA (bio). Number ofprincipal components (PC) , eigenvalue (A), 

percentage of eigenvalues (%),) and accumulative of eigenvalues (AA) 

Tmnsition zone Variable (bio) PC ), %), A'!. 
Mexican tmnsition zone l, 2, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 16, 17 1 1294044 94.3752 94.3752 

2 74923 5.4642 99.8394 

3 2202 0.1606 100 
Sou!h American transition zone l , 2, 4, 5, 6, 7, 9, 10, Il , 12, 13, l4, 16, 17 777 336 80.1007 80.l007 

2 184065 18.9671 99.0678 

3 9046 0.9322 lOO 
Atlantic Forest integration zone 1, 4, 5, 6, 7, 9, 10, 11 , 13, 14, 15, 16, 17, 19 560598 96.4898 96.4898 

2 11974 2.061 98.5509 

3 8419 1.4491 100 
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Areas of endemism: travelling through space and the unexplored 
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The currcnt concept of areas of endcmism assumes Ihat they are geographie areas where there is spatial eongruence of at 
least Iwo endemic laxa. When this congruence is non-random, areas ofendemism are explained by historiea l and eco logical 
factors. Space has been lhe main dime nsion ofanalysis of areas of endemislll , and Ihe ro le oftlle time dimension in arcas of 
endc mism remains ullclcar. Phylogeneti c infonnation is a source oftemporal infonnation io explore the structure. of th e 
are.as of endemism. I re view Ihe concepl of arcas of endemism and di scuss Ihei r conceptual models (structure and 
boundaries). 1 propose foul" scenari os abolll Ihe structllral integration ofendcmic laxa in Ihe spaee-t imc d imell sions inlo 
are.as of endemism. A better underslanding of how to interpret areas of endcmislll can be analysed using phylogeneti c 
information from endemic taxa 10 test simultaneous dive rgence and lO propose temporal strala. Although Ihe evo lllt io nary 
rel ~l tionships oflhe space and time dimensions have [arely been characlerized in arcas of endemism, I used thi s conceptual 
framework to interprct the Andcan arca ofendemism and its evolution. 

Ke:ywords: Andean mammals, arcas ofendemism, biogeography, phy logenies, spatial congruence 

Introduction 
The com:ept of 'endemislll ' has had several Illeanings alld 
applications in the biogeographic, ecological, and conser
vation literature. Frequently, endemislll refers to a 
restricted geographic distribution, 01" when a taxon occurs 
onIy in a specific, restricted area (Anderson, 1994; Peterson 
& Dawson, 1998; Polunin, 1960). Under bothofthese defi
nitions it is accepted tbat organisms' distribut ional areas 
provide infoffilation about the complex relationships 
between their physical environment and their bioJogical 
features (link between earth history 3nd the history of Ji fe: 
Brown, Stevens, & Kaufman, 1996; Pigot & Tobias, 20 13). 

The identificalion of areas of endemism is an important 
and basic question in the study of biogeography (Henderson, 
1991). The 'congruence of distributional areas' erileJion is 
more 0 1' I.ess accepl"ed as a conceptual foundation for ¡denti
fy ing areas of endemism and endemic taxa. Endemism has 
historical and eeologieal significanee in evolutionary bioge
ography in that it is diagnostic of geographic zones where 
laxa are spatiotemporally integrated (MoITone, 2009; Nelson 
& Platnick, 1981). This fundrullental asswnptiol1 of areas 
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elkalexno@gmai l.com 
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of endemisl11 was sUllunarized by Linder (200 I l: ' An 
implicit assumption in any area of endemism is that its biota 
has a single history and consequently that the biogeographi
cal re1ationships of aIJ the elements in the biota should be 
the same' (p. 892). 

Whi le space is an esselltial dimension of analysis of 
areas of endemism (Anderson, 1994; Cracrall, 1985; 
Haffe r, 1978; Linder, 200 1; Morrone, 1994; MüIJer, 1973; 
Platniek, 1991; Szumik, Cuezzo, Goloboff, & Chalup, 
2002), evolution operates in three dimensions: space, 
time, and form (Croizat, 1964). Some techniques have 
been proposed to test lhe re lationship bctween areas of 
endemism uSillg the pbylogenetic relationship among taxa 
(e.g., Cladistic biogeography methods; Humphries & 
Parenti , 1999; Nelsoll & Platnick, 198 1 l. However, the 
phylogenetic re lationships among endemic taxa that char
acteri ze areas of endemism have been poorly explored in 
biogeographic studies. As a first step, biogeographers 
should foc lIs on the space and time dimensions of arcas of 
ende1l1ism, or lhe space-time re lat ionship of lhe endemic 
taxa. My objectives are to rev iew Ihe concept of arca of 
endemism, to examine ¡lS conceptual model (strueture and 
boundaries), and lo propose tour scenarios to expla in the 
integrat ion of endemk laxa in space-time. 
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GE 

Fig. 1. Diagranunatic representatí an of an area of cndemism 
(AoE) supported by three congruel1 f el/demic laxa (CET: 
x - y- z) . Dotted Ii!le indicates the area ofendcmism bo undaries 
and the geogra phic environment (GE) is the zones ouls ide ofLhe 
area of endemism. 

One dimension (space) 
Evolution operates in three dimensions: space, time, and 
form (Croizat, 1964), and biogeography focuses 00 the 
space and time dimensions or spatiotemporal relationship 
(MOITOne, 2009). In the identification of areas of ende
misffi, only tbe space dimension is 311alysed (Anderson, 
1994; Craeraft, 1985; Haffer, 1978; Linder, 2001 ; MOITone, 
1994; Müller, 1973; Platnick, 199 1; Szwnik et al. 2002) 
and spatial congruenee bas complete preeminence (Fig. 1). 
Currently, it is partially accepted that an area of endemism 
is a hypothetical historieal unit in geographie spaee inftu
eneed by multiple proeesses, whieh is defined by at leasl 
two non-random congruent distributional areas (Espinosa, 
Aguilar, & Esealante, 2001 ; Linder, 2001; Morrane, 1994; 
Parenti & Ebaeh, 2009; Platniek, 199 1; Fig. 1). 

A1though the identification of areas of endemism would 
be straightforward by the applieation of the above eriterion, 
the estimation of the degree of spatial congmence might 
still be problematic. The spatial congmence between two 
taxa is rarely perfeet due to the biologieal attributes of the 
species (ages, ecologies, or dispersal abilities; Cracraft, 
1985). Henderson (1991) pointed out that while Ihe degree 
o f congmcnce is critical in the identifieation of areas of 
endemis111 , it is also vague and difficult to measure. This 
problem is a persistent one, although there are sorne opera
tive assumptions and methods for remedying it (Table 1). 

Abstractions about space can be inftuenced by extrinsic 
factors such as the taxonomic validity o f tbe taxon, the 
method used to estimate maps of the di stributional areas 
and the method of analysis. Also, the geographic space of 
the areas of endemism can be affeeted direetly by intrinsic 
faetors related to the nature of the distributi onal areas 
(physical and c limate barriers, interspecific interactions, 
population dynamics, genet ics and phylogenetics, and the 
simultaneous effeet of both histori ea l and eeologieal pro
cesses). Therefore it is necessary to process and analyse 
as much infonnation as possible about the areas of 

endemism (Harold & Mooi, 1994) and their congruent 
ende mi e laxa to avoid illterpretat ion errors. 

Two dimensions (space- time) 
Arcas of endemi sm can be defined by the eongruenee of 
phylogenetieally unrelated (Fig. 2) or related taxa (Fig. 3). 
In general , an area of endemism emerges from a vicariant 
event in the case of related taxa (Harold & Moi, 1994), 
while vicariance and other processes (e.g., geodi spersal, 
extinction) affeet and define an area of endernism ofunre
lated taxa . In areas of endemism composed o f unrelated 
taxa, phylogenetic information is only incorporated to 
analyse lhe 'historical re lationship' hetwecn arcas (Nelson 
& Platniek, 1981), without considering the divergenee 
time of the congruent endemic taxa. 

The eongruenee ofphylogenetie pattems between unre
lated taxa has been employed to test areas of endemism 
(e.g. , Cladistic biogeography; Morrone, 2009; Nelson & 
Platnick, 198 1), but not to explain the spatial congruence 
of endemie taxa. Although geologieal or physiographic 
in fonnation can he introduced to recognize areas of ende
mism (Harold & Moi, 1994), that infonnation represents 
indirect data ahout the space and time o f the congruent 
endemic taxa. Other, more direct ¡nformation is necessary, 
for example from fossils, pbylogeography, and molecular 
eloeks, to validate areas of endemism, their historieal re la
tionships (MOITone, 2009), and their strueture. 

A conceptual model of the stages of biotic evolution 
indicates that the interaction between space (distributional 
areas), and time/form (through phylogeni es) is possible 
(Morrone, 2009). Phylogenetic information fac ilitates the 
understanding of the causes, process, and interactions of 
the dynamic integration of di fferent taxa (Cardillo & 
Meijaard, 20 10; Emerson & Gillespie, 2008; Webb, 
Aekerly, McPeek, & Donogbue, 2002), and phylogenies 
provide acceptable inferences about ~me and di vergenee 
ofthe taxa (Kumar, 2005; Sveonblad, 2008). 

Considering the neeessity of ineorporating di vergenee 
time to explain areas of endemi sm, 1 suggest four scenar
ios that would serve as theoretical fram eworks for analy
sing the stmctural nature of areas of endemi sm and the ir 
congruent endemi c taxa: 

( 1) An area of endemism eomposed of asynchronous 
taxa (different temporal strata). The model AoE 1 = 
X U Y is supported by at Ieast two related or unre
lated taxa with different divergence times (Fig. 2). 

(2) An area of endemism wi th synehronous taxa (one 
temporal stratus). The area is defined by at least 
two taxa with similar divergence time. In the madel 
AoE2 = {W,X} , two sister taxa have geographic 
coogmeoce. When two or more non-sister laxa 
have geographie congruence the model is AoE2' = 
{W, Y) (Fig. 3). 
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Table 1. Comparison ofmethods used in lhe identifica ríon of areas ofendemi sm. 

Method Convention Unit of comparation Criterion 

Parsimony Analysis of Endemicity PAE Geographic areas or localiiies of Counl of species 
occurrence 

Parsimony Analys is of Endemicily PAE Grid cells Count of species 

Criteria for recognitia n ofareas of ? Di slributional arcas and Identificatian oral leasl two 
endcmi slll phylogenies monophyletic laxa wilh 

phylogeneti c congruence 
Oplimalily criteria ror eva luating ? Grid ce ll s Congruence index of al ¡east rwo 

competing sets of areas of species (con) and Congruence 
endemism of areas (CON) 

Analys is of Endemicity or AE Grid cells or localities of Index of endemicily 
Optimality Criterion occurrence 

SIGnificant Co·OcclIrrcnce ofTaxa Sigcot Grid cells Evaluation ofthe significant 
spalia! congruence using nul1 s 
models 

Combination ofS IGnificant Co· ? Grid cells Evaluation ofthe significant 
Occurrence ofTaxa and PAE spalial congruence using nul1 s 

mode ls and elusters from an 
analys is of parsimony 

Nes ted Arcas ofEndemism Analysis NAEA Cladogram or minimal spanning Va lllcs of within·c1ade di stance 
nctwork of gcographic arcas (OC) and the nested elade 
Of grid cel1 s, for example distance (DN) 
results of PA E 

Network Analysis Method NAM Local ities of occurrcnce Identification and removal of 
intennediary spec ies to 
segregate unil s of co-
occurrence, using 
betweenness measure and 
cluslering coe ffic ient 

Geographic Interpo lation 01' GIE Localiti es of occurrence A Kelllel 
Endemi ~m index is indicator ol"the 

degree of species di stribulion 
overlap 

A grid-bascd prolocol for delimiting '! Grid ce ll s Grid ce lis method combined with 
AoEs using alternati ve criteria ror six qualitati ve criteria based 
the recognition of arcas of on congruence 
clldemi slll 

Results 

Clades of areas or 
locaJities 

e lades of grid ce lis 

Groups of areas 

C!usters of grid ce ll s 
associated by simi1arity 
or parsimony 

Seis of ce lls or localities 
of at least two species 
or areas of endemi slll 
maps 

Graups of grid eell s 

Groups ofgrid cc ll s 

e lades of grid ce l1 s or 
areas 

Groups oflocalities and 
co-occ llrrence lIn.its 

Maps ofkcmel index 
densily 

Cell s and hypolheses 01" 
events 

Author 

Rosen and Smilh (1988) 

Morrone (1994, 20 14b) 
Harold and Mooi (1994) 

Linder (2001) 

Szumik el al . (2002); 
Szmnik and Golohoff 
(2004) 

Masl and Nyffcler (2003) 

Giokas and Sfenlhourak is 
(2008) 

Deo and DeSallc (2006). 

Dos Santos, Fernándcz, 
ClIezzo, and 
Domínguez (2008) 

Olivcira, Brescovit , and 
Santos (20 15) 

Da Sil va, Pinlo-da-Rocha, 
and DeSollza (2015) 
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AoEl WX y z X 

11 y ll y 
12 12 

Fig. 2. An area of endemislll defincd by asynchronous and unre
Jated taxa (X- Y), with divergence times t1 and 12, AoEl = 
XUY. 

(3) An area of cndemism with relatcd synchronous 
taxa and unrelated synchronous laxa. r he area is 
structured by at least four taxa with similar diver
gence time between pairs, such that they all fonn a 
single temporal stratus. Each pair is composed of 
sisler laxa in Ihe modeI AoE3 = {W,X} U {Y,Z} or 
are composed of Llon-sLster taxa in tbe model 
AoE3' = RUTUWUZ (Fig. 4). 

(4) Al1 area of endemism composed of ane or more 
synchronous congruent endemic taxa and one or 
more asynchronous congruent endemic taxa. This 
model integrales al least three taxa; lhe synchro
naus subset is composed of sister laxa AoE4 = 
{W,X} UY or non-sister laxa AoE4' = T U X U Y 
(Fig. 5). This modeI expla ins Ihe con fo rmal ion of 
an area of endemism with multiple temporal strata. 

In the Iiterature there are several processes proposed to 
affect areas of endemism and tbeir congruent endemic 

x WX 

tl y 11 

Or 

Fig. 3. Areas of endemism supported by synchronolls re lated 
taxa (\V-X) or synchronous unre lated taxa (W - Y). AII oflhem 
have similar di vergence li me /1 , AoE2 = lW.X} or AoE2' = 
{W,YI. 

AoE3 
WX y Z 

X tl1y ti 
Y t2 12 

Z 

Or 
AoE3 -

w X Y Z 

,, [ "a a 

Fig. 4. Areas of endemism defined by rela.ted synchronolls laxa 
and unre laled synchronous laxa, with dive rgence times tI and 12, 
AoE] = (W,X} U (Y.Z } or AoE3' = RUT UWUZ. 

AoE4 

WX Y z 

tl y ll l2 
12 

Or 
AoE4· 

x 
y Z 

t2 12 

Fig. 5. Areas of endemism supported by one or more synchro
nous congruent endernic taxon and one or more asynchronous 
congruent cndemic taxon, with divergcnce times 1/ and 11, 
AoE4 = {X,W} UYo,. AoE4' = T UX UY. 
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taxa. The dispersal of populations could cause a break
down of the taxollomic composition (synch.ronous or 
asynchronous) and modi fy the shape orthe areas of ende
mi sm (Fig. 2). Vicanance events (geological aml/or eco
logical) could cause areas of endemism defined by 
synchronous taxa (Fig. 3). The proeess lhal explain the 
models detailed aboye are as follows: (i) the number and 
shape of areas of endemism may change due to the diver
gence 01' one species in an area; (ii) Ihe perccntagc of spa
tial congruence may decrcase due to Ihe expansion of tbe 
distributional arca of one or more of the congruent 
endcmic taxa; (iii) the spatial congruence may decrease 
duc 10 the contraction of the distributional area of a spe
cies whose range initially extended beyond the arca; (iv) 
the arca of endemism may shrink or disappear due lo Ihe 
extinction ofan endemic species; and (v) Ihe arca ofende
mism may expand or conlract due lo the extinction within 
a specificd arca of one taxon that allows Ihe expansion of 
a congruent endemic laxon (Anderson, 1994). 

The simultaneous divergence and phylogeographic 
processes (mi gration, colonization, expans ion) of lile 
congrllcnt endemic laxa in the aboye models can be 
tcsted, for example, cmploy ing Approximate Bayesian 
Computal ion (e.g., Chan, Brown, & Yoder, 20 11). Thi s 
melhod estimales di vergence time bascd on the varia
tion in effective poplIlation size among relatcd and /or 
unrelated species pairs (Chan el a l., 201 1). Indeed, 
comparing divergence times using any stali stical 
melhod would be a method for generating preliminary 
hypotheses aboul the hi storical integration of the con
gruenl endemic taxa. 

In general, areas of endemism are cvolutionary cnti
tieso They evolve following Ibe stages of thei r congru
enl endemic taxa (Fig. 2), and can be in a stable stage, 
a stagc of expansion or contraction, of breaking off by 
vicariance, or geodispersal and extension of their 
endemic taxa. Moreover, the congruent endemic taxa 
foml asynchronous or synchronous slIbsets (Temporal 
strata) and define Ihe structure and nature of the areas 
of endemi srn . 

Areas 01" endemism: boundaries and structure 
Most arcas of endemism are demarcated by physio
graphic barriers such as rivers (Cracrall , 1985; Haffer, 
1978) and mounlains (Müller, 1973). However, uleir 
boundarics are fuzzy due to the relati onship betwecn 
the di stributional areas and the evolution of their taxa 
(Anderson, 1994; Cracraf!, 1985; Harold & Mooi, 
1994; Henderson, 199 1). 

Cracraft ( 1985), Haffer (1978), and Müller (1 973) taek
led the problem of the representation of areas of ende
mi sm in a practical way by merging distriblltional a rcas of 
the laxa and considering the zone of max imum overlap or 
congruence zones (distributional cores) as the bOllndarics 

Superior Vle\\ 

.....• ,._ ........................................ , ..... , .... . 
GE 

C __ C
_ET_" _C:5.;:,-<..,_C_ET_'_:::> 

FrngmcnlC'd \ le\\ 

Fig. 6. Schematic overview of (he SIn/cture and boundaries of an 
area of endemism defined by five congruen( endemics laxa 
(CET: u, v, w, x, y). Fragmented view indicate how tlle congru
en! endemic speeics integrate Ihree tempora l stratus (IS). Doned 
hne indicates the arca ofcndemism boundari es, congruenec eore 
(CC) is the zone with the highest congnlcncc, and lemporal slra
tus (Ts) are subsels of one or more synchronous endemic species. 
GE = geographic cnvironmcnt. 

ofthe panem . Altematively, the area can be defined as the 
distriblltional area of all of lhe congruent endemic taxa 
(Carine, Humphries, Guma, Reyes- Betancort , & Santos, 
2009; Szumik et al. , 2002). 1 consider lbat the distribu
tional cores (Cracraft, 1985; Haffer, 1978; Mü ller, 1973), 
represent high congruence zones or high richness of con
gruent endemic taxa, and lhe zones oulside of lhe congru
ence cores represent the dynamism of endemism (c.g., 
conceptual models; Anderson, 1994; Da Silva, Pinlo-da
Rocha & DeSouza, 201 5). 

Therefore, the incorporation of the temporal dimension 
into the analysis of arcas of endemism allows the redefini
tiol1 of their slructure as follows (Fig. 6): (i) hypothelical 
boundaries of lhe area of endemism or geographic envi
ronment composed by the merging of lhe distributional 
areas with one or more temporal strala (Ts), wilh spatial 
congruence and wi th or wilhout synchrony; (ii ) two or 
more synchronous or asynchronolls congruent endemic 
laxa; and (iii ) congruence core representing Ihe high rich
ness of congruent endemic taxa. Thc stmcture and bound
aries of lhe area of cndemism are hypotheses (Espinosa 
et a l. , 2001 ; Morrone, 2001 ; Nelson & Platnick, 198 1), 
which must be lested with new data (Harold & Mooi, 
1994), analysed with different methodologieal 
approaches, and genera lized through comparisons against 
areas of endemism of other taxa (Morrone, 1994). 
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Andean Cordillera: an aIrea of endemism and 
its temporal strata of mammals 
Tbe aim ofthe analyses presented hefe was to explore lhe 
strueture of lhe Andean area of endemism (Aae) in mam
mals. Tbe Aae is an important area of endemism and an 
interesting test of the framework proposed hefe because 
the development ofthe Andes has marked the divergence 
of many Neotropical and Andean mammals. lhe Andes 
have becn lhe sccnc of diversification of mammals in the 
Neotropics due lO thcir role as a. distributional barrier and 
geodispersal path (Paterson, Solari, & Velazco, 201 2). 
Uplift in rhe CentraJ and NOlthern Andes was a process 
caused by plate tectonic readjustments. Plate subduction 
in the Pacific margin caused uplift in the Central Andes 
(Paleogene [~65 to 34 Ma] ; Hoom et al., 2010), and 
the subsequent colli sion of the Pacific plate (Neogene 
[~23 Mal) with the SOUtll American and Caribbean pi ates 
resulted in intensified mountain bui lding in the Northern 
Andes (Hoorn et al., 20 10). Andean uplift affected the 
regional climate and the Neotropical landscape by reconfi
guring drainage systems in South America, which are 
relatcd w ith the evolution of Andean mammals. 

1 begin by extracting divergence time for Andean 
endemic species. I then describe the structure of the area 
of endemism comparing the divergence times of endemic 
taxa. Finally, 1 explore sorne models (Figs 2- 5) of tbe 
possible evolutionary scenarios of the Aae to illustrate a 
straightforward example of the internal structure of areas 
of endemisl11. 

Method,. 1 used Aae as described by Noguera-Urbano 
and Escalante (20 15 [Ae 14: northem South American 
transition zone]) as the biogeographic unit The Aae was 
defined as the Central and Nort:hem Andes, from the cor
dilleras of Venezuela and Colombia to southeastern Boli
via. The Aae was characterized by five endemic species, 
two rodents (Mountain Paca: Clflliculus laczGnowskii 
[Stolzmann, 1885 ]; Golden Oldfield Mouse: Thomasomys 
Ol/rel/S [Tomes, 1860]) and tbree marsupials (Andean 

White-eared Opossum: Didelphis pernigra J. A. A lIen, 
1900, Andean Slender MOllse Opossum: Marmosops 
impavidl/s Tschudi, 1845 ,md Sepia Short-tailed Opos
sum: Mallade/phis adl/sta Thomas, 1897).1 exlracted the 
minimal , supported aod maximal divergence times from 
ultrametric phylogenies of each eodemic mammal 
(Table 2), which were drawn in a box plot to visualize the 
range aftbe divergence time and identify tempora l strat8. 

The five-endemic species of the Aae had hi storieal and 
spatial congrucnce, since all of them evolved in South 
America (Table 2). Aae is composed offive asynchronous 
coogruent endemjc taxa (Fig. 7), which are non-sister spe
cies. This area of endemism agrees with the fourth model 
(see Fig. 5), indicat ing an area of endemism structured by 
multi ple temporal strata. The boxplot indicated four tem
poral strata in the Aae (Fig. 7) !hat correspond with 
geological epochs (Tsl = Pleistocene; Ts2 = Pliocene; 
Ts3 = Upper Miocene; Ts4 = Lower Miocene). Although 
the five endemic mammals are associated with the Andean 
Cordillera, the tempora l strata correspond to several epi 
sodes in the evolution of the Andes (Fig. 7). Ts 1 and Ts2 
evolved during intensified mountain building in the 
Eastem Cordillera (Fig. 7), Ts3 evolved when the Eastem 
Cordillera mountain building hadjust begun. Ts4 evolved 
when the Northem Andes were younger, at the same time 
as the Central Andes were ulldergoing intensified 
mountain bui ld.ing. Three temporal stra ta (Ts l , Ts2, Ts3) 
correspond with the most intense peaks of Andean moun
tain building during the late middle Miocene (~12 Ma) 
and early Pliocene (~4.5 Ma) (Hoorn et al., 20 10). 

With respect to the endemic species, M. impavidus 
(Ts 1) inhabits Andean forest and probably evolved in the 
South American moist forest by parapatric speciation 
(Jansa, Barker, & Voss, 2013). It might ha ve colonized 
Andean lands during the late Pleistocene by accum ulating 
genetic changes through c1imatic oscillations. In another 
hand, T. ollreus and C. laczanowskii (Ts2) evolved at a 
similar time (Fig. 7, Table 2) and are restricted to the 
Andes. While al present T. aurellS occupies the middle 
and higher altitude Andean laods, its ancestral distribution 

Table 2. Phylogenetic infonnation ofthe endemic congruent laxa thal compase Ihe Andean area ofendemisl11. Ma is mil lion years 
befare present. 

Divergence Thomasomys Cuniculus DidelpJ¡i~; Marlllosops Monodelphis 
time (Ma.) (tureus raczanowskii pemigra impal'idl/s adl/sra 

Maximal 3.8 6 t9.8 O 28 

Supported 3. 1 3.8 10.3 2.5 20.5 

Minimal 2.2 2 9 O t4 

I-Iypothetica l Soulh AmeT"ica Andes- Amazonia SoUlh America South America SOll th America 
ancestral arca 

Reference Parada, D'E lía, and Upham and Lim (20t 2) Jan sa, Barker, and Vi lela, de Oli veira. 
Palma (20 t 5) Patterson (20 12) Voss (20t 3) and de Montes 

(20 t5). 
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fig. 7. Timescale or Andean area of endemism (Aae) and lheir 
endcmic mammal summarizing the timespans, Andes uplift. 
their lempoml structure (Temporal strala is Ts) and a boxplot 
used to define Ibe Ts. H = Holocene. 

may be Ihe Andes 10\Vlands (Parada, D ' Elía, & Palma, 
20 15). Considering Ihat T. ladelVi, \Vhieh is the sister spe, 
eies lo T. aurellS. is restricted to the Andean high! ands of 
northwest Bolivia, this indicates that T. ollrells evo lved by 
parapatric speciat ion in the Andean ecosystems. In con
trast, the hypothetieal ancestra l area of C. laczonowskii is 
the Amazonia region (Upham & Patterson, 20 12). This 
sllggests a dispersal event ITom the lowlands to the Andes, 
as has occurred in other taxa (Lim, 20 12). Finally, at least 
two dispersa! events probably occurred in the Aae: M. 
adusta (Ts3) migra ted from the Central Andes lO Northern 
Andes, and D. pemigra fi'om the Central Cordi llera 
(Northem Andes) to tbe Eastem Cordillera. Likely dis
persa! routes would iJ]c1ude Andean vegetat ion along lhe 
Ecuador and Colombia Mountains, whieh in somc periods 
of the Middle and Late Miocene would have formed a 
widespread forest (Simpsotl, 1975). 

The evolution of the Andes (Andean lIplift and orog' 
eny, climatic variations) has produced rcncwed accommo
dation space and spatia l integration of species. Thus, lhe 
five species of mammals have bcen integrated within a 
biogeobrraphic unit named Aae in four temporal strata. 
Apparently, the processes that produced the spatial inte, 
gration of marnmals within Aae were parapatric 

speciation followed by dispersal events (colonization of 
ncw geographic areas) through the Andes. 

Conclusions 
Areas of endemism are primary biogeographic homology 
hypotheses. This means thal they are a conjecture about 
Ihe history of taxa that are spatiotemporaHy integrated in 
an evolutionary unit (Le ., biotic components. Morrone, 
200 1; 01' biotas, Morrone, 20 14a). Therefore the stmcture 
and boundaries of the areas of endemism must be 
explained and tested. 

The current conceptua l framework of areas of ende
mism is based 0 11 spatial congruence, and lhe temporal 
relationship of lbe endemic congruent taxa was exp!ored. 
ln genera l, a bettcr understanding of how lo intcrpret areas 
of endcl11jsm could be ga ined by exploring the relation
ship of endemic species in lhe space 3nd time dirnensions, 
with phylogenetie information and identifieation of tem, 
poral stra ta. By applying this revised framework to 
explain the geographic integration in the Andean area of 
endemism, 1 conclude that with in Aae the integratian of 
species was due to parapatric speciation, fo llowed by dis
persa l events throllgh the Andes. Further study of this 
framework should contribute both to increased under
standing of the processes that generate and maintain areas 
of endemism, and propase evolutionary scenarios of 
biodiversity. 
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DISCUSIÓN GENERAL 

El “endemismo” es un concepto ampliamente usado en variadas disciplinas de la ciencia, por 

ejemplo, en medicina, botánica, zoología, ecología, biología de la conservación y 

biogeografía. Este concepto generalmente se lo relaciona con exclusividad de un taxón a un 

área geográfica (Noguera-Urbano, 2017; Capítulo 1). Sin embargo, las propuestas prácticas 

u operativas del concepto han llevado a diferenciar variados enfoques (Noguera-Urbano, 

2017; Capítulo 1). Lo cual ha llevado a la ambigüedad en la definición de las áreas de 

endemismo (AE), principalmente porque el endemismo se cuantifica con base en las áreas 

de distribución y en un único contexto temporal (Noguera-Urbano, 2017; Capítulo 1).  

 Al considerar que las AE son hipótesis o conjeturas sobre una historia biogeográfica 

común entre taxones (Morrone 2001), se debe asumir que hay otros factores que intervienen 

en su estructuración (Murray & Crother 2016). Dentro de los factores ecológicos se 

encuentran las variaciones de los regímenes climáticos, las cuales han afectado a las AE en 

el pasado (Gámez et al. 2014, Noguera-Urbano et al. Enviado; Capítulo 1). Ahora, si se 

consideran a las AE como comunidades debido a la integración de especies pertenecientes a 

múltiples linajes, la ecología de cada especie también puede afectar a las áreas de endemismo 

(Murray & Crother 2016, Noguera-Urbano et al. Enviado; Capítulo 1). Es decir, la dispersión 

o extinción de una o más especies endémicas puede ocasionar que la composición de las áreas 

de endemismo cambie y en consecuencia se alteren las dimensiones de las áreas de 

endemismo (Noguera-Urbano et al. Enviado; Capítulo 1).  

Los factores históricos que afectan los cambios en el tamaño de las AE son: la edad 

del área de endemismo, la diversidad de atributos funcionales, representado en el número de 

especies y ordenes taxonómicos, y la diversidad filogenética (Noguera-Urbano et al. 

Enviado; Capítulo 1). Esto indica que las áreas de endemismo son altamente susceptibles a 

la integración de múltiples y asincrónicos linajes adaptados a condiciones ambientales o 

barreras geográficas similares (Cracraft 1985). Algunas tendencias encontradas en el análisis 

de factores históricos, como por ejemplo, la relación inversa entre el número de especies 

endémicas, edad y el tamaño del área, podrían indicar que la integración de especies es 

diferencial con respecto al a nivel biogeográfico (Noguera-Urbano et al. Enviado; Capítulo 

1). A niveles jerárquicos mayores, como en subregiones y dominios, ocurre una integración 

de un número más alto de especies y con mayor edad que a nivel de provincia.  
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 Por otra parte, se ha propuesto que las áreas de endemismo se estructuran por efecto 

de la posible respuesta simultánea y paralela de los taxones que las integran a factores 

históricos y ecológicos (Rosen 1988, Morrone 1994, Espinosa et al. 2001, Szumik et al. 

2002). Esto resulta en AE que han persistido en el tiempo (Gámez et al. 2014, Noguera-

Urbano et al. Enviado; Capítulo 1). Es decir, la integración de algunas especies endémicas 

perdura como patrón biogeográfico a pesar de las variaciones climáticas y muy posiblemente 

de otros fenómenos relacionados con la evolución de la tierra (Graham et al. 1996). Tal es el 

caso de las áreas de endemismos de los mamíferos neotropicales, las cuales posiblemente 

han cambiado de forma y tamaño a lo largo del tiempo, pero han persistido al menos desde 

el último periodo interglaciar. Por otra parte, los cambios de las AE han sido proporcionales 

a su tamaño. Es decir, AE pequeñas (provincias), tienden a tener menores pérdidas de área 

geográfica que aquellas de mayor tamaño (subregión, dominio) (Noguera-Urbano et al. 

Enviado; Capítulo 1). Esto probablemente se deba a que las AE de menor tamaño funcionen 

como refugios climáticos. En ellos el clima local está desacoplado del clima regional, así los 

hábitats conservan condiciones estrechamente relacionados con la topografía y los 

microclimas que son favorables para algunas especies (Keppel et al. 2012).  Mientras, las AE 

de mayor tamaño, posiblemente presentan altas tasas de reducción de área por efecto del 

clima regional.  

La respuesta a las variaciones del clima, de las especies en conjunto que conforman 

a las AE, las soporta como ensamblajes integrados en el espacio. Sin embargo, cuando se 

analizan posibles agrupamientos filogenéticos, las áreas de endemismo en su mayoría 

parecen que no siguen ninguna tendencia. Tan solo dos áreas de endemismo (Provincias del 

Bosque Magallánico y el sur de la Puna), presentaron especies altamente relacionadas en la 

filogenia. Esto se explica por la composición de cada una de las áreas de endemismo, ya que 

en ambas, las especies que las soportan son murciélagos y roedores que evolucionaron en el 

Neotrópico. Esto indica que en algunos casos, la integración de especies endémicas 

transciende al espacio, llegando a compartir una historia evolutiva común. Por otra parte, la 

ausencia de patrones de agrupamiento filogenético en la mayoría de áreas de endemismo, 

soporta la idea de que las especies endémicas representan linajes variados con múltiples 

adaptaciones que les permiten coexistir (Cracraft 1985).   
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Las AE están afectadas también por factores históricos y ecológicos a nivel regional. 

En el caso de la región Neotropical, los taxones endémicos (familias, géneros y especies), se 

integran conformando diferentes AE anidadas dentro de la región. Nueve AE componen a la 

región Neotropical, las cuales pueden ser diferenciadas por su composición de taxones y 

tamaño. En general parece ser que los límites de la región varían de acuerdo con la 

heterogeneidad del ambiente. Esto es evidente en el patrón de superposición de AE descrito 

en el Capítulo II, el cual indica que el tamaño de la región Neotropical tiende a reducirse al 

entrar en contacto con la región Neártica (norte) y la región Andina (sur). En los límites de 

la región Neotropical existen áreas de hibridación biótica o zonas de transición (Hershkovitz 

1958, Morrone 2004), las cuales actúan como barreras a la dispersión de especies 

neotropicales. En el caso de la Zona de Transición Sudamericana, algunos análisis sobre la 

forma y extensión de las áreas de distribución de especies de mamíferos muestran que la 

topografía, las variaciones de la temperatura y la resistencia ambiental, pueden actuar como 

barreras a la dispersión de las especies neotropicales (Ruggiero et al. 1998). Por otra parte, 

hay una tendencia a la reducción del endemismo Neotropical desde el norte y sur del 

continente, encontrándose una mayor concentración sobre la línea Ecuatorial. Este patrón 

macroecológico es similar al que se ha descrito para correlacionar la riqueza de especies o 

diversidad filogenética con la latitud (Capítulo II). Algunas explicaciones para dicho patrón 

son altas tasas de especiación, bajas tasas de extinción, múltiples eventos de dispersión, y 

alta estabilidad climática de los mamíferos y otros grupos en zonas tropicales (Pianka 1966, 

Rolland et al. 2014). 

Con respecto a los factores históricos que explican la estructuración de la región 

Neotropical con base en AE de mamíferos, la integración de los taxones es diferencial al 

igual que en áreas de menor escala (ej. Provincias, Capítulo I). Es decir, las especies 

endémicas representan linajes que evolucionaron asincrónicamente. A nivel regional, los 

murciélagos nuevamente representan el mayor número de especies endémicas, y esto produce 

que la estructura filogenética de la región Neotropical se presente como un patrón de 

agrupamiento (especies cercanamente emparentadas), debido a procesos como especiación 

in situ y conservadurismo de nicho, como se ha propuesto para otros grupos de mamíferos 

(ej. Cardillo & Mijaard 2010, Cardillo 2011). En consecuencia, los mamíferos endémicos de 

la región Neotropical se encuentran espacialmente y filogenéticamente integrados. El 
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agrupamiento filogenético de las especies endémicas también podría indicar que ellas se han 

expandido rápidamente desde su proceso de especiación (Cardillo 2011, Cantalapiedra et al. 

2014), como lo sugieren múltiples eventos de dispersión de mamíferos a lo largo de los Andes 

y otras zonas de América del Sur (Parada et al. 2015; Rojas et al. 2016). Además, la 

descripción de cinco cenocrones (Americano, Antillano, Centroamericano, Norteamericano 

y Norte-Centroamericano), soportan la idea de que las especies endémicas se han integrado 

espacio-temporalmente como en una unidad evolutiva (región Neotropical), como ha sido 

sugerido por Hershkovitz (1969) y Webb (1991). 

Al avanzar en la interpretación de las tendencias generales de las asociaciones entre 

AE, los resultados del Capítulo III en su primera parte, indican que las AE tienen una 

conglomeración espacial, relacionada principalmente con lugares de alta heterogeneidad 

ambiental y topográfica. Dos de ellos se encuentran cercanos o sobre las Zonas de Transición 

Mexicana y Suramericana, mientras que un sector con un elevado número de áreas de 

endemismo se describe como zona de integración del Bosque Atlántico (Brasil). Como se 

mencionó en el Capítulo I, hay tendencias generales del efecto del clima sobre áreas de 

endemismo menores, lo que se puede generalizar también a nivel regional, ya que algunos 

parámetros climáticos como la isotermalidad, la heterogeneidad topográfica y la 

precipitación en la época más caliente, afectan de una manera equivalente tanto a la Zona de 

Transición Sudamericana como a la Mexicana. En la zona de integración del Bosque 

Atlántico la heterogeneidad climática y la precipitación en la época más caliente presentan 

el mayor efecto. Los resultados demuestran la existencia de un grupo similar de variables 

ambientales relacionadas con la concentración de AE. Sin embargo, la heterogeneidad 

topográfica tiene mayor efecto sobre las dos zonas de transición, mientras que la zona de 

integración del Bosque Atlántico es altamente dominada por variables climáticas.  

Finalmente, las AE representan unidades ecológicas y evolutivas que son dinámicas, 

sin importar el tamaño que ellas presenten. Aunque los límites o su relación con otras áreas 

de endemismo cambien por influencia por ejemplo del clima (Capítulos I y II) o el efecto de 

la evolución de las especies y la tierra (Capítulos I, II y II), las AE tienen a conservar un 

núcleo, que definí como zona de máxima superposición, compuesto por la intersección del 

mayor número de áreas de distribución, el cual tiende a persistir en el tiempo. 

Tradicionalmente, el análisis de la dimensión espacial en las áreas de endemismo ha llevado 
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a que se descuide el análisis de las otras dimensiones como el tiempo y la forma. Sin embargo, 

en el presente documento de tesis se comprueba que las áreas de endemismo pueden ser el 

resultado de la integración filogenética y temporal de las especies endémicas. 

Con respecto a la integración temporal, múltiples grupos de especies endémicas 

pueden representar múltiples estratos temporales, algunos de ellos son sincrónicos mientras 

que otros son asincrónicos y con relaciones filogenéticas lejanas (Capítulo III). La 

divergencia simultánea y los procesos filogeográficos (migración, colonización, expansión) 

de las especies endémicas en los modelos propuestos en el Capítulo III, requieren ser 

explorados a una escala de poblaciones, con el fin de incrementar evidencias sobre la 

integración y dinámica de las especies endémicas. Por ejemplo, en el AE  correspondiente a 

los Andes del norte y centro (Venezuela hasta el sureste de Bolivia; Noguera & Escalante 

2015), las especies endémicas se encuentran actualmente integradas en el espacio, pero sus 

edades demuestran que evolucionaron de manera independiente en un intervalo temporal 

compuesto por al menos cuatro épocas (Oligoceno, Mioceno, Plioceno, Pleistoceno), con tan 

solo dos especies (Thomasomys aureus y Cuniculus taczanowskii) que probablemente 

evolucionaron en la misma época (Plioceno). Sin embargo, los análisis independientes de los 

eventos evolutivos de cada especie endémica, demuestran que el levantamiento de los Andes 

ha ocasionado un reacomodamiento del espacio y también la integración de las especies en 

el área de endemismo andina. En este caso los posibles eventos que produjeron la integración 

se relacionan con especiación parapátrida seguida por eventos de dispersión en los Andes 

(Capítulo III).    
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CONCLUSIONES GENERALES 

• El término área de endemismo se refiere a un patrón de distribución geográfica que 

involucra restricción, integración temporal de los taxones y una historia evolutiva común. 

Sin embargo, la dinámica de las distribuciones geográficas de las especies y los métodos con 

que se estimen pueden producir sesgos en la identificación e interpretación de los patrones 

de endemismo.  

• Las respuestas individuales de las especies endémicas a factores históricos y 

ecológicos hacen que las áreas de endemismo sean dinámicas a cualquier nivel biogeográfico, 

pero como generalidad persisten a lo largo del tiempo.  

• Las áreas de endemismo de los mamíferos neotropicales a nivel biogeográfico, están 

afectadas en su forma, tamaño y estructura por atributos como: el número de especies que las 

caracteriza, la edad de esas especies, el número de órdenes taxonómicos, la heterogeneidad 

topográfica, la heterogeneidad climática y la latitud. 

• La generalidad de las áreas de endemismo a escala de subregión y provincia es la 

ausencia de agrupamientos filogenéticos entre especies endémicas. Lo cual indica que ellas 

representan linajes distantes entre sí, cuya integración puede ser sincrónica o asincrónica de 

diversos linajes.  

• La región Neotropical presentó agrupamiento filogenético, debido a que muchas de 

las especies endémicas pertenecen a linajes que evolucionaron en América.  

• El espacio ha sido la dimensión principal de análisis en las áreas de endemismo. Por 

lo tanto, se propuso que el tiempo puede ser otra dimensión que permita caracterizarlas. Al 

incluir el tiempo, se pone en evidencia que las especies endémicas pueden presentar 

diferentes tiempos de integración. Ya que los procesos evolutivos y biogeográficos 

producidos por la unión de los continentes (ej. Gran Intercambio Biótico Americano), 

levantamiento de montañas (ej. formación de los Andes), formación de ríos, etc. influyeron 

diferencialmente en las especies endémicas y su dinámica espacial.  

• Las áreas de endemismo están afectadas tanto por factores biológicos, ecológicos y 

filogenéticos, a cualquier nivel dentro de la jerarquía biogeográfica. Por lo tanto, las áreas de 

endemismo persisten en el tiempo, pero son dinámicas y evolucionan con la tierra. 
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