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Didelphidae, Echimyidae, Ecótono, Filogeografia, Gradientes, Refúgios, Rio 
Araguaia, Sigmodontinae  

resumo  
 
 

Apesar da fauna de mamíferos Neotropicais ser uma das mais ricas do mundo, 
o nosso conhecimento sobre os limites de espécies, distribuições geográficas 
e relações filogenéticas está ainda agora no seu início. As áreas de transição 
entre os dois maiores biomas da América do Sul, o Cerrado e a Amazónia, são 
ainda menos conhecidas. Até ao momento, escassos estudos focaram os 
pequenos mamíferos destas áreas. Destes estudos, apenas dois apresentam 
dados taxonómicos e de distribuição geográfica de uma lista de espécies 
reduzida e, nenhum é focado nos processos evolutivos que conduziram à 
diversidade destas áreas. O presente trabalho tem como objectivo aumentar o 
conhecimento básico sobre a diversidade do médio Rio Araguaia, na região 
central do Brasil, através da amostragem e análise de espécies de pequenos 
mamíferos, integrando um intenso trabalho de campo, de laboratório e de 
museu. Desta forma, um total de 22 espécies é registado para o médio 
Araguaia. De entre estas espécies, descreve-se uma espécie nova de 
Rhipidomys, regista-se uma espécie não descrita de Thrichomys e uma 
potencial nova forma de Oligoryzomys, e também se apresenta uma diagnose 
emendada do obscuro Oecomys cleberi. Para cada espécie, são também 
descritas as suas características morfológicas e resumem-se os seus aspectos 
de distribuição geográfica e história natural. Para os quatro géneros acima 
referidos, são apresentadas as análises filogenéticas que permitem a 
identificação das espécies. Adicionalmente, os princípios da filogeografia são 
aplicados para estudar os padrões da distribuição geográfica da diversidade 
genética de três roedores sigmodontíneos e seis marsupiais didelphídeos. Os 
resultados obtidos demonstram que o Rio Araguaia forma uma barreira 
geográfica para espécies especialistas em florestas não-alagáveis; por outro 
lado, espécies generalistas apresentam partilha de haplótipos em ambas as 
margens do rio. Argumentamos também que os refúgios florestais e os 
gradientes poderão ter tido um papel importante para moldar a estrutura 
genética de populações de pequenos mamíferos no Brasil central. Em suma, 
os resultados apresentados corroboram a proposição de que a diversidade 
Neotropical não poderá ser explicada através de um único modelo de 
especiação e que estes não são mutuamente exclusivos. O entendimento 
integral dos processos ecológicos e históricos que deram origem à fauna 
Neotropical, assim como a continuidade de estudos sistemáticos, depende da 
realização de novas amostragens e consequente enriquecimento dos museus 
com colecções apropriadas.  
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Araguaia River, Didelphidae, Echimyidae, Ecotone, Gradients, 
Phylogeography, Refuges, Sigmodontinae  

abstract  
 

Despite of Neotropical mammalian fauna being one of the richest fauna of the 
world, the knowledge of species boundaries, geographic distributions, and 
phylogenetic relationships is only now beginning to be understood. The 
transitional areas between the two major biomes of South America, the 
Cerrado and Amazonian Rainforest, are even less known. Only few studies 
focusing on small mammals have been conducted in these areas, and from 
those only two studies present data on taxonomy and geographic distribution of 
a reduced species list, and none is focused on the evolutionary processes that 
leaded to its diversity. The present work aims to increase the basic knowledge 
of the mid-Araguaia River diversity by surveying and describing small mammal 
species using an integrative approach of intensive field, laboratory and 
museum work. Twenty-two species are reported to this area, from which a new 
species of Rhipidomys is described, an undescribed species of Thrichomys and 
a potentially new form of Oligoryzomys are recorded, and an emended 
diagnosis of the elusive Oecomys cleberi is given. We also describe the 
morphological traits, and summarize aspects of geographic distribution and 
natural history for every species. Mitochondrial phylogenetic analyses that 
allow species identification are also presented for the four genera referred 
above. Furthermore, principles of phylogeography are used to study patterns of 
geographical distribution of the genetic diversity of three sigmodontine rodents 
and six didelphid marsupials.  The results show that the Araguaia River is a 
barrier to upland forest specialists, while more generalist species present 
haplotype sharing across the river. We also argue that forested refuges and 
gradients may have had an important role in shaping the genetic structure of 
small mammal populations in central Brazil. These findings reinforce the 
statement that no single model of speciation will explain the diversity of 
Neotropics and that the models are not mutually exclusive. Further sampling 
effort and proper collections will continue to enrich museums to carry on 
systematic studies and to address new phylogeographic studies in order to 
understand the ecological and historical events that shaped the Neotropical 
fauna.  
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which divergence times (tMRCA) are shown in Table 4.3; values correspond to 

pairwise genetic distances (k2p) between clades; and asterisks indicate 

Bayesian posterior probabilities (BPP) ≥ 0.95. NCB: northern central Brazil; 

SCB: southern central Brazil; SWC: southwest; CBC: central Brazil; AM: 

Amazonia.……………………………………………………………………………… 
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Figure 4.3 (a and c) Map of sample localities of the Didelphis species; streaked area 

corresponds to D. albiventris sample distribution, and dotted area corresponds 

to D. marsupialis sample distribution. (b and d) Median Joining network of cyt-

b haplotypes of D. albiventris (HDa1–HDa9) and D. marsupialis (HDm1–

HDm5) from central Brazil, respectively. Size of connecting branches 

corresponds to the nucleotide substitutions; size of the circles is proportional 

to the number of individuals of a given haplotype (Table 4.1); circles without 

codes correspond to hypothetical ancestors; white corresponds to the eastern 

bank of the Araguaia River and black to the western riverbank…………………. 
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Figure 4.4 (a) Map of sample localities of the Philander species; streaked area 

corresponds to P. o. canus sample distribution. (b) Median Joining network of 

cyt-b haplotypes of P. o. canus (HPh1–HPh9) from central Brazil. Size of 

connecting branches corresponds to the nucleotide substitutions; size of the 

circles is proportional to the number of individuals of a given haplotype (Table 

4.1); circles without codes correspond to hypothetical ancestors; white 

corresponds to the eastern bank of the Araguaia River and black to the 

western riverbank. (c) Bayesian inference tree of cyt-b sequences of Philander 

species rooted with M. nudicaudatus and M. murina. Numbers in circles 

represent nodes for which divergence times (tMRCA) are shown in Table 4.3; 

values correspond to pairwise genetic distances (k2p) between clades; and 

asterisks indicate Bayesian posterior probabilities (BPP) ≥ 0.95. CB: central 

Brazil; PA: Pantanal.………………………………………………………………….. 
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Figure 4.5 (a) Map of sample localities of the Gracilinanus species; streaked area 

corresponds to G. agilis sample distribution, and dashed line divides the 

geographical distribution of northern (NCB) and southern (SCB) central Brazil. 
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(b) Median Joining network of cyt-b haplotypes of G. agilis (HGa1–HGa16) 

from central Brazil. Size of connecting branches corresponds to the nucleotide 

substitutions; size of the circles is proportional to the number of individuals of 

a given haplotype (Table 4.1); circles without codes correspond to hypothetical 

ancestors; white corresponds to the eastern bank of the Araguaia River and 

black to the western riverbank. (c) Bayesian inference tree of cyt-b sequences 

of Gracilinanus species rooted with M. murina and M. demerarae. Numbers in 

circles represent nodes for which divergence times (tMRCA) are shown in Table 

4.3; values correspond to pairwise genetic distances (k2p) between clades; 

and asterisks indicate Bayesian posterior probabilities (BPP) ≥ 0.95…………… 

 

 

 

 

 

 

 

 

 

106 

Figure 4.6 (a) Map of sample localities of Marmosa species; streaked area corresponds 

to M. murina sample distribution.  (b) Median Joining network of cyt-b 

haplotypes of M. murina (HMa1–HMa17) from central Brazil. Size of 

connecting branches corresponds to the nucleotide substitutions; size of the 

circles is proportional to the number of individuals of a given haplotype (Table 

4.1); and circles without codes correspond to hypothetical ancestors. (c) 

Bayesian inference tree of cyt-b haplotype sequences of Marmosa species 

rooted with D. marsupialis and P. o. canus. Numbers in circles represent 

nodes for which divergence times (tMRCA) are shown in Table 4.3; values 

correspond to k2p distance between clades; and asterisks indicate Bayesian 

posterior probabilities (BPP) ≥ 0.95. EAR: eastern bank of the Araguaia River; 

WAR: western bank of the Araguaia River; TR: Tapajós River; AF: Atlantic 

Forest; GR: Guiana Region.……………………................................................... 
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Figure 4.7 (a) Map of sample localities of Micoureus species; streaked area corresponds 

to M. demerarae sample distribution. (b) Median Joining network of cyt-b 

haplotypes of M. demerarae (HMi1–HMi15) from central Brazil. Size of 

connecting branches corresponds to the nucleotide substitutions; size of the 

circles is proportional to the number of individuals of a given haplotype (Table 

4.1); circles without codes correspond to hypothetical ancestors; white 

corresponds to the eastern bank of the Araguaia River and black to the 

western riverbank. (c) Bayesian inference tree of cyt-b sequences of 

Micoureus species rooted with M. nudicaudaus and P. o. canus. Numbers in 

circles represent nodes for which divergence times (tMRCA) are shown in Table 

4.3; values correspond to pairwise genetic distances (k2p) between clades; 

and asterisks indicate Bayesian posterior probabilities (BPP) ≥ 0.95. NAM: 

Northern Amazonia; CB + AF: central Brazil plus Atlantic Forest.………………. 
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“There is grandeur in this view of life, with its 

several powers, having been originally breathed 

into a few forms or into one; and that, whilst this 

planet has gone cycling on according to the fixed 

law of gravity, from so simple a beginning 

endless forms most beautiful and most wonderful 

have been, and are being, evolved.” 

 

On the origin of species 

by means of natural selection or the preservation 

of favoured races in the struggle of life   

Charles Darwin 
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1.1 – Introduction 

For the last centuries the Neotropics have called the attention of great naturalists such 

as Alfred Russel Wallace, Peter Wilhelm Lund, Oldfield Thomas, Emílio Augusto 

Goeldi, and more recently, Louise Emmons, James Patton, Robert Voss, Michael 

Mares, among many others. The vast diversity of Neotropical forests and the search for 

the ecological and historical processes that leaded to this diversity are the reasons that 

have been keeping the attention of those naturalists (e.g. Wallace, 1852; Nitikman & 

Mares, 1987; Voss & Emmons, 1996; Patton et al., 2000; Voss et al., 2001). 

There has been an intense debate around the basic unit on which these 

processes should be explained (e.g. Moritz, 1994; Baum & Donoghue, 1995; Avise & 

Wollenberg, 1997; Baker & Bradley, 2006; de Queiroz, 2007). The species has been 

used as the fundamental unit; although some authors argued that evolutionary 

significant units (ESU) based on the most suitable phylogeographic information should 

be included into species-level analysis (e.g. Moritz, 1994; Paetkau, 1999; Riddle & 

Hafner, 1999). This debate is concentrated on the recognition that the taxonomic or 

operational units for evolutionary studies and its corollaries, such as conservations 

units, is very difficult to establish, and there is no consensus about the limits and utility 

of species concepts proposed until now (e.g. Riddle & Hafner, 1999; Bradley & Baker, 

2001; de Queiroz, 2007). Nonetheless, taxonomic compendiums often comprise 

several species definitions, which reflect the variety of authors’ philosophies (Baker & 

Bradley, 2006). Herein, the Genetic Species Concept updated by Baker & Bradley 

(2006) was followed, in which a genetic species is a “group of genetically compatible 

interbreeding natural populations that is genetically isolated from other such groups”. 

This concept is focused on the genetic isolation and in the use of distance values of 

protein-coding genes, as the cytochrome-b, to distinguish sister species, as previously 

suggested by Johns & Avise (1998) and by the same authors in 2001 (Bradley & 

Baker, 2001). This method allows the recognition of morphological cryptic species, 

though do not dispense that new species have to be associate to voucher specimens 

deposited in museums (Baker & Bradley, 2006). 

 

 

1.2 – Current hypotheses of diversification 

Several works have revised the numerous models of speciation proposed to explain 

the high diversity of Amazonia; the three major hypotheses comprise the refuge, 

gradient and riverine models (e.g. Wallace, 1852; Vanzolini & Williams, 1970; Bush, 

1994; Haffer, 1997; Moritz et al., 2000; Patton et al., 2000; Haffer, 2008; Antonelli et al., 

2010). 
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The Refuge model was proposed by Haffer (1969) and Vanzolini & Williams 

(1970), based on climatic and vegetation fluctuations that occurred during the late 

Pliocene and Pleistocene. This model hypothesize that Amazon rainforest suffered an 

extensive fragmentation, and speciation would occur by the isolation of populations in 

forested refuges and later range expansion (Haffer, 1969). Several probable areas of 

paleoecological forest refuges were postulated (Brown & Ab’Sáber, 1979). However, 

this model has been questioned and several works showed that these refuges had no 

role in Neotropical species diversification, which was prior to Pleistocene (e.g. da Silva 

& Patton, 1993; Moritz et al., 2000, Steiner et al., 2005; Antonelli et al., 2010). 

Additionally, Colinvaux et al. (1996, 2000) have been arguing that the Amazonia was 

continuous covered by tropical rainforest rather than savannas as suggested by the 

Refuge model of diversification. Recently, Haffer (2008) suggested that the Refuge 

model should be extended to the Tertiary, since strong effect of Milankovitch cycles, 

which leaded to global climatic-vegetational changes, also affected biomes during early 

geological periods. This author also reinforce that this model is related to a particular 

mode of speciation (allopatric), rather than a particular time of speciation.  

In his work of criticism of Pleistocene Refuge hypothesis, Hendler (1982) 

postulated the Ecological Gradient model. In this model, a continuous population could 

differentiate into distinct but continuous groups of subpopulations without complete 

geographic isolation (parapatric speciation). This process will occur more rapidly if the 

species range intersects an environmental gradient (Hendler, 1982). Smith and 

collaborators (Smith et al., 1997; 2005a; 2005b; 2005c) showed that morphological 

divergence of passerine birds appear to be related with habitat shifting instead of 

geographical isolation in ecotones between African rainforest and savanna habitats, 

which emphasized the integral role of ecotones in generating rainforest diversity. Very 

few studies were conducted in Neotropics to assess the relevance of gradient models 

in promoting diversification, and Antonelli et al. (2010) reinforced the idea of the need 

of further studies to test this model. For Neotropical small mammals, Patton and Smith 

(1992) demonstrated that the gradient model is not applicable to species that occur 

across an altitudinal gradient on the Peruvian Andes. However, Almeida et al. (2007) 

pointed out the importance of ecotones of Cerrado and Chaco with adjacent biomes, by 

revealing that a speciose clade of lowland species of Calomys is associated with these 

areas.  

The Riverine Barrier model was first proposed by Wallace (1852) based on its 

observations of primate distributions along the Amazon basin. This model hypothesize 

that rivers have a significant role in separating widespread organisms into isolated 

populations. Several works have been carried out to evaluate the potential importance 
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of Amazonian rivers as barriers, however the results are varied. The Juruá River was 

extensively sampled for vertebrates; nonetheless this river is not an important barrier to 

the gene flow for all frogs examined (Gascon et al., 1998; Lougheed et al., 1999; 

Gascon et al., 2000) and for most of the small mammals examined, with exception of a 

primate (Saguinus fuscicollis) and two rodents (Proechimys echirothrix and Oecomys 

sp.) (Patton et al., 1994; Patton et al., 1996a; da Silva & Patton, 1998; Matocq et al., 

2000; Patton et al., 2000). On the other hand, Ayres and Clutton-Brock (1992) 

suggested that primate species distribution limits support the riverine barrier 

hypothesis, and Bates et al. (2004) demonstrated that Teles Pires River, a headwater 

stream of the Tapajós River, appears to separate genetically differentiated populations 

of six species of birds. 

From the above-referred, we can see that there is heterogeneity among species 

responses to historical and ecological processes that may lead to diversification in 

Neotropics, and yet these models are not mutually exclusive (Patton et al., 1994; 

Antonelli et al., 2010). These facts have leaded to the conclusions of several authors 

that the diversity of Neotropics cannot be explained by a single model of diversification 

and several approaches should be followed (e.g. Costa, 2003; Patton et al., 2000; 

Antonelli et al., 2010).  

 

 

1.3 – Molecular phylogeography 

The emergent need to integrate studies of microevolutionary processes, which focus 

on individual and population questions, and macroevolutionary processes, which focus 

evolutionary studies at and above species level (Lomolino et al., 2006) leaded to the 

creation of the relatively new discipline of phylogeography by Avise et al. (1987). 

Previous authors suggested that the intraspecific level should be recognized in the 

speciation models and that the discipline of phylogeography should be included in 

evolutionary biology. Ten years later, this discipline registered an explosive grow 

(Avise, 1998), and the journal Molecular Ecology dedicated a special issue to its 

celebration (Bermingham & Moritz, 1998). Several are the examples of the growing 

literature concerning the phylogeography of small mammals in neotropics (e.g. da Silva 

& Patton, 1993; 1998; Patton & Costa, 2000; Costa, 2003; Costa et al., 2003; Steiner & 

Catzeflis, 2004). 

Phylogeographic analyses deal with “the spatial distributions within and among 

populations of alleles whose phylogenetic relationships are deduced” (Avise, 1998). 

Genealogical transition from polyphyly to paraphyly to reciprocal monophyly, which are 

an expectation of coalescent theory when a panmitic ancestral population becomes 
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isolated due to a barrier, can be inferred by a gene tree (Avise, 2009). A group of taxa 

is polyphyletic if the descendants derived from more than one common ancestor; it is 

paraphyletic if the group does not include all the descendants from its inferred 

ancestor; and it is monophyletic if the group includes all descendents from its inferred 

common ancestor (Ridley, 1993). Additionally, comparative phylogeography, in which 

phylogeographic structure across several co-distributed species is examined, allow the 

assessment of the relative contributions of vicariant and dispersal events (Lomolino et 

al., 2006). Thus, phylogeographic analyses can be especially useful if applied to 

conversation and management strategies (e.g. da Silva & Patton, 1998; Eizirik et al., 

2001). 

 

 

1.4 – Neotropical small mammal diversity 

Despite of Neotropical mammalian fauna being one of the richest fauna of the world, 

the knowledge of species boundaries, geographic distributions, and phylogenetic 

relationships it is only now beginning to be appreciated and understood (Patton et al., 

2000). The Neotropics has been considered as a natural “cradle” and “museum” 

(McKenna & Farrell, 2006), and an estimate of an annual increase of one new genus 

and eight new mammal species was suggested by Patterson (2000). The present work 

was focused on two families, Didelphidae Gray, 1821 and Echimyidae Gray, 1825, and 

a subfamily, Sigmodontinae Wagner, 1843, which represent almost all the small non-

volant mammal fauna that occur in central Brazil. 

The family Didelphidae is among the oldest of extant mammal families (Patton 

et al., 1996b) and is restricted to Americas (Gardner 2008). Species of this widely 

distributed group are common elements in forest and open habitat communities and, 

because most of them are nocturnal, they can only be captured at night (Voss & 

Emmons, 1996; Emmons & Feer, 1997). The last taxonomic compendium of the 

Mammal Species of the World (Wilson & Reeder, 2005) accounted 87 species in 17 

genera to the family Didelphidae, which represent 24 more species and two more 

genera than the previous compendium (Wilson & Reeder, 1993). However, this number 

was updated to 95 species in 19 genera in the most recent compendium of New World 

marsupials by Gardner (2008). This represents an increase of 33.7 % of marsupial 

species in less than two decades. Nevertheless, Voss & Jansa (2009), in their 

systematic revision of didelphid marsupials, recognized that more new species and 

genera will be uncovered with further taxonomic research. As an example of this fast 

pace of new mammal species discoveries, only one year after the revision of  Voss & 
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Jansa (2009), four new species of the genus Marmosa were recognized (Gutiérrez et 

al., 2010).  

A rapid radiation, followed by differentiation at the tribal and generic levels, was 

suggested for the subfamily Sigmodontinae in South America (Smith & Patton, 1999; 

Steppan et al., 2004), this thus becoming the most diverse subfamily of the Neotropical 

mammalian fauna with 377 species in 74 genera (Wilson & Reeder, 2005). Recently, a 

taxonomic revision of the problematic genus Oryzomys leaded to its split and 

description of 10 new genera (Weksler et al., 2006). Several other works continued to 

describe new genus (Percequillo et al., 2011) and species within this subfamily (e.g. 

Costa et al., 2007; Percequillo et al., 2008; Carleton et al., 2009; Bonvicino et al, 2010; 

Jayat et al., 2010). Sigmodontine rodents occupy almost all habitats in South America, 

and their lifestyles range from semiaquatic to fossorial, arboreal and scansorial (Smith 

& Patton, 1999), which turns them hard to sample exhaustively and prone to the 

appearance of elusive species after long time of sampling (Voss & Emmons, 1996). 

The family Echimyidae is the most diverse of the hystricognath rodent group, 

comprising terrestrial and arboreal forms of spiny rats (Emmons & Feer, 1997). While 

the terrestrial species are among the most common species in the Neotropics and are 

easily captured, several arboreal species seem to occur in relict populations where 

probably are rare and threatened species, which requires a greater effort to their 

capture (Voss & Emmons, 1996; Emmons & Feer, 1997). For this reason, many of 

them are poorly known, and several species have been described or re-discovered in 

the last decade (e.g. Emmons et al., 2002; Leite, 2003; Leite et al., 2007; Leite et al., 

2008). Molecular analyses revealed a rapid diversification of this complex group (Leite 

& Patton, 2002; Galewski et al., 2005), which account 90 species in 21 genera (Wilson 

& Reeder, 2005), representing 12 more species and one more genus than the previous 

taxonomic compendium (Wilson & Reeder, 1993). These authors pointed out the need 

of additional taxonomic revisions to this family, which cannot be defined by monophyly 

(Leite & Patton, 2002).   

 

 

1.5 – The ecotonal area between Cerrado and Amazoni a 

The ecotone or transitional zone can be defined as a boundary between two different 

types of formations, which occur at various scales in forest/non-forest types throughout 

the world (Longman & Jeník, 1992). In general, forest-savanna ecotones have a wider 

range of abiotic factors, greater diversity, a more complex ecosystem organization and 

also a greater human pressure (Longman & Jeník, 1992). 
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The two major biomes of South America, Amazonia and Cerrado, integrate their 

flora and faunas in a broad ecotonal area extending along a northeast to southwest 

axis in the states of Maranhão, Pará, Tocantins and Mato Grosso in central Brazil 

(Ackerly et al. 1989; Lacher & Alho, 2001; Oliveira-Filho & Ratter 2002). This transition 

from deciduous and semi-deciduous forest of Amazonia to savanna-like vegetation, 

which varies from grasslands to dense woodland, of Cerrado is related with soil 

conditions (Ratter, 1992). More fertile soils are covered by forest, while dense 

woodlands (cerradão) occur in intermediate mesotrophic soils (Ratter, 1992). The 

previous author also showed that the transition between Amazonia and Cerrado is 

dynamic by revealing a forest expansion into Cerrado. Ratter (1992) argued that this 

expansion is probably the continuation of the last glaciation process, where the 

Amazonia reached the peak of contraction, however the fast pace of deforestation in 

these transitional areas often masked this process.     

The Araguaia River is the largest river of the wet-dry tropics of Brazil, which 

constitute a kind of environmental frontier with Amazonia with its multiple channels 

separated by vegetated semi-permanent alluvial islands (Latrubesse, 2008; Latrubesse 

et al., 2009). Its basin is mainly characterized by the presence of alluvial forests and 

floodplain grasslands that are strongly influenced by the seasonal river-flooding regime 

(Oliveira-Filho & Ratter, 2002). This river is divided in three units: the upper, middle and 

lower Araguaia (Latrubesse & Stevaux, 2002). The upper Araguaia flows on a hilly 

landscape of Precambrian rocks of the Brazilian Shield along 450 km (Latrubesse & 

Stevaux, 2002; Latrubesse et al., 2009). The middle Araguaia extends along a flat area 

with approximately 1100 km long and 3–6 km width; the well-developed alluvial plain in 

this reach is formed by Pleistocene sediments (the Bananal plain) (Latrubesse & 

Stevaux, 2002; Latrubesse et al., 2009). The middle Araguaia River, together with 

Coco River and Bananal Island, were considered priority areas for conservation within 

the Cerrado (Ratter et al., 1997; Cavalcanti & Joly, 2002; Ratter et al., 2003). The lower 

Araguaia runs on Precambrian bedrock along 500 km down to its confluence with the 

Tocantins River; and the alluvial plain characteristic of the middle Araguaia practically 

disappears in this reach (Latrubesse & Stevaux, 2002; Latrubesse et al., 2009). 

Despite the biological relevance of the transitional areas between Cerrado and 

Amazonia, especially the Araguaia River Basin, very few studies focusing on small 

mammals have been conducted in these areas (e.g. Bonvicino et al., 1996; Lacher & 

Alho, 2001; Cáceres et al., 2008; Bezerra et al., 2009;). From those, only two studies 

present data on taxonomy and geographic distribution of species (Cáceres et al., 2008; 

Bezerra et al., 2009), and none is focused on the evolutionary processes that leaded to 

its diversity. 
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1.6 – Thesis objectives and structure 

The small non-volant mammal fauna of the ecotonal region between Cerrado and 

Amazonia has been historically neglected and poorly sampled. Therefore, this study 

primarily aims to increase the basic knowledge of the mid-Araguaia River diversity by 

surveying and describing small mammal species using an integrative approach of 

intensive field, laboratory and museum work.  

Central Brazilian forests are an essential part of the evolutionary scenario of 

Neotropics (Costa, 2003), and the mid-Araguaia River basin provides a remarkable 

biogeographical area to test diversification hypothesis. Therefore, this study also aims 

to assess the genetic diversity in central Brazil using two mitochondrial markers 

(cytochrome b [cyt-b] and control region [d-loop]); to evaluate the potential role of the 

mid-Araguaia River in shaping population structure of selected small mammals; and in 

a broader context, where samples from the Atlantic Forest and other regions in 

Amazonia are included in phylogeographic analyses, to investigate the 

phylogeographical affinities of central Brazil regarding the two rainforest domains. 

The thesis is divided in five chapters, which included the general introduction 

(Chapter 1), three independent manuscripts (Chapter 2, 3 and 4), and finally the 

general discussion and conclusions (Chapter 5).  

 

Chapter 1 – General Introduction and Objectives 

The present chapter is dedicated to review the general state of art of our 

understanding of Neotropical diversity, mainly focused of small non-volant mammals.  

 

Chapter 2 –  Rocha, R.G., Ferreira, E., Costa, B.M.A., Martins, I.C.M., Leite, Y.L.R., 

Costa, L.P. & Fonseca, C. (2011) Small mammals of the mid-Araguaia River in central 

Brazil, with the description of a new species of climbing rat. Zootaxa, 2789, 1–34. 

This chapter summarize information about morphological characters, 

geographical distribution and natural history for each species captured at the mid-

Araguaia River and also the formal description of a new species of climbing rat of the 

genus Rhipidomys, based on morphological and molecular data.  

 

Chapter 3 –  Rocha, R.G., Ferreira, E., Leite, Y.L.R., Fonseca, C. & Costa, L.P. (in 

prep) Emended diagnosis, genetic structure and geographic distribution of the elusive 

Oecomys cleberi (Rodentia, Sigmodontinae). 

This chapter is dedicated to the discussion of the taxonomic status of Oecomys 

cleberi, and data on morphological variation and molecular diversity of this species is 

presented.  
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Chapter 4 –  Rocha, R.G., Ferreira, E., Loss, A.C., Fonseca, C. & Costa, L.P. (in prep) 

Phylogeography of six didelphid marsupials: the role of different evolutionary events in 

central Brazil.  

In this chapter, the geographical distribution of the genetic diversity of six 

didelphid marsupials (Didelphis albiventris, D. marsupialis, Philander opossum canus, 

Gracilinanus agilis, Marmosa murina and Micoureus demerarae) is investigated.  

 

Chapter 5 –  General discussion and conclusions 

Finally, in this chapter is made a general resume of the main findings of this 

work, and its implications to the conservation of the central Brazilian area. Additionally, 

further perspectives and brief guidelines to future taxonomic and phylogeographic 

studies are also provided.   
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Abstract 

The mid-Araguaia River basin in central Brazil is considered a priority area for 

biodiversity conservation, and Parque Estadual do Cantão (PEC) is one of the most 

important protected areas in this ecotone between Cerrado and Amazonia. This area 

suffers an intensive human pressure with high rates of deforestation, and still remains 

poorly studied in terms of biodiversity. From June 2007 to November 2008 we sampled 

small mammals from both banks of the mid-Araguaia River, in the states of Tocantins 

and Pará. Data are given about morphological traits, geographic distribution and 

natural history of 22 species of small non-volant mammals (eight marsupials and 14 

rodents) surveyed at PEC and its surroundings. We also present mitochondrial 

phylogenetic analyses that allow species identification within the genera: Oecomys, 

Oligoryzomys and Rhipidomys, and delineate an undescribed species of Thrichomys. 

Based on morphologic and molecular data, we describe a new species of Rhipidomys 

previously assigned to R. nitela, which is apparently endemic to the Araguaia-

Tocantins basin in the Cerrado. Additionally, our phylogenetic analyses provide support 

for the role played by the Araguaia River as an important geographic barrier for two 

sister species of Rhipidomys. 

Key words: Amazonia, Cerrado, ecotone, inventory, marsupials, rodents  

 

Resumo 

A bacia do Médio Araguaia no Brasil Central é considerada uma área prioritária para a 

conservação da biodiversidade e o Parque Estadual do Cantão (PEC) é uma das mais 

importantes áreas protegidas neste ecótono entre o Cerrado e a Amazônia. Esta área 

encontra-se sob uma forte pressão humana, com altas taxas de desmatamento, e 

continua muito pouco estudada em termos de biodiversidade. De Junho de 2007 a 

Novembro de 2008, amostrámos pequenos mamíferos das duas margens do Rio 

Araguaia, nos estados do Tocantins e Pará. Neste trabalho, apresentamos dados 

sobre características morfológicas, distribuição geográfica e história natural de 22 

espécies de pequenos mamíferos não-voadores (oito marsupiais e 14 roedores) 

amostrados no PEC e seu entorno. Apresentamos, também, análises filogenéticas que 

permitem a identificação de espécies dentro dos gêneros: Oecomys, Oligoryzomys e 

Rhipidomys, e a delimitação de uma espécie não descrita de Thrichomys. Com base 

em dados morfológicos e moleculares, descrevemos uma espécie nova de 

Rhipidomys, previamente alocada a R. nitela, e aparentemente endêmica da bacia do 

Araguaia-Tocantins no Cerrado. Adicionalmente, as nossas análises filogenéticas 

suportam o papel desempenhado pelo Rio Araguaia como uma importante barreira 

geográfica para duas espécies irmãs de Rhipidomys. 
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2.1 – Introduction 

The Cerrado (1.8 million km2) and Amazonia (7 million km2) are the two largest biomes 

in South America. The former is one of the 25 biodiversity hotspots, while the second is 

a major wilderness area (Myers et al. 2000, Silva & Bates 2002). The Cerrado is a 

savanna-like ecosystem that occupies the central Brazilian plateau, extending from the 

northeast to the southern borders of Amazonian Rainforest, where these two biomes 

contact in a complex vegetation mosaic (Ackerly et al. 1989, Oliveira-Filho & Ratter 

2002). Parque Estadual do Cantão (PEC) is one of the most important protected areas 

in this ecotone (Pinheiro & Dornas 2009) and is situated in the mid-Araguaia River 

system in the western region of the state of Tocantins. This transition area between 

Cerrado and Amazonia is mainly characterized by the presence of alluvial forests and 

floodplain grasslands that are strongly influenced by the seasonal river-flooding regime 

(Oliveira-Filho & Ratter 2002). The region where PEC lies, as well as most of the 

Araguaia drainage, has a highly diverse flora and is a priority area for conservation 

(Ratter et al. 1997, Cavalcanti & Joly 2002, Ratter et al. 2003). 

 Very few studies focusing on small mammals have been conducted in 

transitional areas between Cerrado and Amazonian Rainforest (e.g. Bonvicino et al. 

1996, Lacher & Alho 2001, Lambert et al. 2006, Bezerra et al. 2009), despite the large 

size and biological relevance of these areas. The only study that presents data on 

taxonomy and geographic distribution of species (Bezerra et al. 2009) was based on a 

15-day field survey, and therefore contains a brief preliminary species list.  

Only recently we have begun to appreciate the diversity of small mammals in 

the Neotropics, and to understand species boundaries, geographic distributions, and 

phylogenetic relationships (Patton et al. 2000). Patterson (2000) estimated an annual 

increase of eight new mammal species in this region, mostly small mammals. Two new 

species of small mammals endemic to the Cerrado have been recently recognized 

based on morphological, molecular and karyotypic analyses of specimens from 

Tocantins: Calomys tocantinsi (Bonvicino et al. 2003) and an undescribed Thrichomys 

species (Bonvicino et al. 2002, Braggio & Bonvicino 2004). The main purpose of this 

study was to survey and describe the small non-volant mammals from PEC and its 

surroundings by integrating intensive field, laboratory and museum work. Herein we 

summarize information about morphological characters, geographical distribution and 

natural history for each species. We also describe a new species of climbing rat of the 

genus Rhipidomys, one of the least known arboreal mammals of the Neotropics (Tribe 

2005).  
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2.2 – Material and methods 

2.2.1 – Study area and sampling design 

Small mammals were collected at Parque Estadual do Cantão (PEC), a 90,000 ha 

state park, and Área de Proteção Ambiental Ilha do Bananal/Cantão (APABC) in the 

western region of the state of Tocantins, central Brazil (Fig. 2.1). Two private lands, 

Fazenda Lago Verde (FLV) in the state of Tocantins, and Fazenda Santa Fé (FSF) in 

the state of Pará were also sampled (Fig. 2.1). The study area is located in the 

Araguaia basin, including both banks of the Araguaia River and two of its tributaries: 

Coco (Fig. 2.2a) and Javaés. This is an ecotonal region between Cerrado and 

Amazonia characterized by the presence of seasonally flooded forests (Fig. 2.2b) that 

cover most of the park (SPMA 2000). APABC is a 1.7 million ha environmental buffer 

area with restricted human activities that extends over the floodplain of the Araguaia. 

FLV is an 8,000 ha private farm of agricultural exploration located along the Urubu and 

Lago Verde Rivers. About 70% of its area consists of pristine Cerrado sensu lato 

physiognomies, ranging from forest to open scrublands and grasslands (Silva & Bates 

2002). Seasonally flooded natural forest fragments (Fig. 2.2c), locally called ipucas, 

occur throughout both agricultural and Cerrado matrices at FLV (Martins et al. 2002). 

FSF is a 65,000 ha private ranch, managed for livestock production, located on the 

west bank of the Araguaia River. About 65% of this ranch is still covered with semi-

deciduous tropical forest, concentrated on the river bank.  

 Twenty-three sampling points were established in the study area (Fig. 2.1). 

Three sampling periods, averaging seven days each, were carried out between June 

2007 and November 2008 at each point. Each sampling point consisted of a transect of 

sixteen 30 L pitfalls with drift fences; a transect with ten 60 L pitfalls with drift fences 

(except at FLV, where burying large pitfalls in waterlogged soil was unfeasible); a 

mixed transect with 22 Sherman traps (45 x 12.5 x 14.5 cm) and 10 Tomahawk traps 

(45 x 21 x 21 cm) placed on the ground; and a mixed transect with 4 Sherman traps 

and 4 Tomahawk traps placed in the understory. Additional transects with 22 Sherman 

and 10 Tomahawk traps were sampled only during a seven-night period. They were 

established in the northern part of the PEC (A–D not indicated in Fig. 2.1, but located 

within a radius of 2 to 5 km surrounding point 1) and near irrigation channels or in the 

Cerrado sensu strictu matrix at FLV (E–H, Fig. 2.1).  
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FIGURE 2.1 Map of study area detailing locations of sampling points (circles with numbers or 

letters) at Parque Estadual do Cantão (PEC, blue box), Área de Proteção Ambiental Ilha do 

Bananal/Cantão (APABC), and Fazenda Lago Verde (FLV, yellow box), state of Tocantins, and 

Fazenda Santa Fé (FSF, blue box), state of Pará. See text for further information regarding 

sampling points. 
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FIGURE 2.2 Landscape at the study area: a) Coco River at Parque Estadual do Cantão; b) 

interior view of the alluvial forest at Parque Estadual do Cantão; c) ipuca surrounded by a 

cultivated area at Fazenda Lago Verde. 
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2.2.2 – Specimens and collections 

All specimens captured in the study area were recorded in the field catalog of Rita 

Gomes Rocha (RGR). The first series of individuals of each species were collected and 

prepared as voucher specimens. Remaining specimens captured were ear tagged, 

measured, weighted, and released. Tissue samples (liver or ear clip) were collected 

from all specimens. Voucher specimens and tissue samples were deposited in the 

mammal and tissue collections at Universidade Federal do Espírito Santo (UFES), 

Vitória, Brazil. The holotype and three paratypes of the new species of Rhipidomys 

were deposited at Museu Nacional, Universidade Federal do Rio de Janeiro (MN), 

Brazil.  

The taxonomy follows Wilson and Reeder (2005), updated with Weksler et al. 

(2006). Species identification was mainly based on Emmons and Feer (1997), Patton 

et al. (2000) and Voss et al. (2001). For recently described species, or for those with 

detailed descriptions elsewhere, specific references are cited in the text. The main 

traits that allow species diagnosis and distinction between similar taxa are detailed for 

each species. For marsupials, brief comments on external characters are provided, 

since species present in the study area can be unambiguously identified in the field. A 

more extensive treatment is provided for rodents, including details on external and 

craniodental diagnostic characters.  Many rodent species are far more difficult to 

identify, and museum vouchers must be carefully analyzed. Hence, images of dorsal, 

ventral and lateral views of rodent skull, and the mandible are provided.  

Additionally, specimens or cytochrome-b sequences of other specimens 

collected in other areas and by other researchers are reported along the text, tables 

and figures. These specimens have been deposited in the following collections: BYU: 

Brigham Young University, Provo, Utah, USA; INPA: Instituto Nacional de Pesquisas 

da Amazônia, Manaus, AM, Brazil; MN: Museu Nacional, Universidade Federal do Rio 

de Janeiro, RJ, Brazil; MPEG: Museu Paraense Emílio Goeldi, Belém, PA, Brazil; MVZ: 

Museum of Vertebrate Zoology, University of California, Berkeley, California, USA; 

MZUSP: Museu de Zoologia da Universidade São Paulo, SP, Brazil; UFMG: 

Universidade Federal de Minas Gerais, MG, Brazil; TTU: The Museum of Texas Tech 

University, Lubbock, Texas, USA. Field numbers are used only when specimens have 

yet to be catalogued or we were unable to obtain collection catalogue numbers, and 

correspond to the following collectors: BAC: Barbara Andrade Costa; CRB: Cibele R. 

Bonvicino; DPO: Daniele Pedrosa de Oliveira; FC: François Catzeflis; JLP: James L. 

Patton; JUR: Jay R. Malcolm; LG: Lena Geise; LPC: Leonora Pires Costa; MAM: Meika 

A. Mustrangi; MNFS: Maria Nazareth F. da Silva; YL: Yuri Leite. 
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2.2.3 – Estimates of species richness 

Captures were sorted chronologically and pooled into successive groups of ten 

captures. For each group of ten captures, we counted the number of species that were 

recorded for the first time in the study. These values were sequentially summed and 

used to build the plot of cumulative observed species richness per number of captured 

individuals. Linear and logarithmic regressions of the cumulative species curve were 

also calculated, in order to estimate if the cumulative curve was still in a state of steady 

increase or rather if it had reached a stationary state. 

 

2.2.4 – External and cranial measurements  

Standard external measurements were recorded for all species: head-body length 

(HB), tail length (T), hind foot length (HF), internal length of the ear (E) and weight (W). 

The range of external measurements (in millimeters) and weight (in grams) of adult 

specimens collected in the study area are provided in the species accounts.  

For the new species of genus Rhipidomys described here, 29 cranial 

measurements were taken with digital calipers, following Tribe (1996): occipito-nasal 

length (ONL), condylo-incisive length (CIL), palatal length (PL), post-palatal length 

(PPL), molar row-crown length (MRC), M1 breadth (M1B), palatal bridge length (PBL), 

temporal fossa length (TFL), diastema length (DL), incisive foramen length (IFL), 

incisive foramen breadth (IFB), palatal breadth at M1 (PB1), palatal breadth at M3 

(PB3), mesopterygoid fossa breadth (MFB), breadth across incisor tips (BIT), bulla 

width (BW), bulla length (BL), braincase breadth (BCB), skull height (SH), rostral height 

(RH), rostral breadth (RB), rostral length (RL), nasal length (NL), zygomatic plate 

length (ZPL), interorbital breadth (IOB), zygomatic breadth (ZB), greatest length of 

mandible (GLM), mandibular molar row (MMR) and depth of ramus (DR). 

 

2.2.5 – Reproductive condition 

Reproductive condition was recorded for both sexes. In rodents, testes descended into 

the scrotal sac were indicative of maturation or beginning of breeding period, while in 

immature individuals testes were held inside in the abdomen (Gurnell & Flowerdew 

1994). Immature female rodents had closed vaginas, which are perforated in the first 

oestrus, and it may become temporarily closed during the pregnancy (Gurnell & 

Flowerdew 1994). Lactating females were recognized when the nipples were exposed 

and enlarged. The number of embryos was recorded during specimen preparation in 

the field. In marsupials, the grayish, black or blue colored testes characterized adults, 

while juveniles presented testes covered with a silky white or cream fur. Litter size was 

recorded when pouch young were still attached to the mother’s nipples. Otherwise, 
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pouch color was recorded, being rusty-orange coloration indicative of reproductively 

active females and cream-white coloration indicative of juveniles (Patton et al. 2000). 

 

2.2.6 – Natural history and geographic distribution  

For each species, we provide notes about trapping methods and habitat features where 

specimens were captured, and adult/juvenile and male/female ratios. Species 

distributions are provided in this manuscript, following Wilson and Reeder (2005) and 

Gardner (2008). 

 

2.2.7 – Molecular analyses 

We analyzed 801 base pairs (bp) of mitochondrial DNA (mtDNA) sequences encoding 

the cytochrome-b (cyt-b) gene of specimens from four genera: Oecomys, 

Oligoryzomys, Rhipidomys and Thrichomys.  

DNA was extracted from tissue samples preserved in ethanol using salt-

extraction method (Bruford et al. 1992). Cyt-b was amplified by polymerase chain 

reaction using primers MVZ05 and MVZ16 (Smith & Patton 1993). Amplifications were 

performed with the following PCR profile: initial denaturation at 94 °C for 5 min, 

followed by 39 cycles with denaturation at 94 °C fo r 30 s, annealing at 48 °C for 45 s, 

polymerization at 72°C for 45 s, and a final extens ion at 72°C for 5 min.  The 801 bp 

fragment was sequenced using an automated sequencer ABI 310 using the Big Dye 

Terminator Cycle Polymerase (Perkin Elmer, Applied BiosystemsTM, Foster City, 

California).  

 Sequence alignment was performed using CLUSTALW algorithm implemented 

in MEGA version 4.1 (Kumar et al. 2008), and checked by eye. All sequences 

generated in this study have been deposited in GenBank (accession numbers in Table 

2.1). We also used sequences previously available from GenBank, and sequences that 

were kindly shared by J. L. Patton (JLP). Some other sequences were generated in 

previous studies by L. P. Costa (LPC), and have been now deposited in GenBank 

(Table 2.1). Hylaeamys and Thomasomys were selected as outgroups in the 

phylogenetic analyses of Oecomys, Oligoryzomys and Rhipidomys (Weksler 2006). 

Trinomys and Makalata were selected as outgroups in phylogenetic analyses of 

Thrichomys (Leite & Patton 2002).  

 Sequence divergences (%) were obtained using the Kimura two-parameter 

model (Kimura 1980) implemented in MEGA. Phylogenetic relationships of haplotypes 

of the species were estimated through Bayesian inference (BI) using MrBayes v.3.1.2 

(Ronquinst & Huelsenbeck 2003). The best model of nucleotide substitution was 

selected in MrModelTest (Nylander 2004) based on Akaike Information Criterion (AIC), 
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and haplotype trees were sampled every 100 of 10,000,000 generations until 

stationarity. A 50% majority rule consensus tree was obtained after “burnin” of 25% of 

the sample points to generate Bayesian posterior probabilities (BPP).  

 

TABLE 2.1 Specimen data and GenBank accession numbers for cytochrome-b sequences 

used in this study. Sequences prefixed by “HM” were newly generated for this study or were 

shared by Dr. J. L. Patton and newly registered.    

Taxon  Locality  Voucher  Field 
number 

GenBank access 
nº 

Oecomys auyantepui French Guiana: Les Nouragues V 971  AJ 496304 
Oecomys auyantepui French Guiana: Les Nouragues V 1001  AJ 496305 
Oecomys auyantepui Brazil: Minas Gerais, Nova Ponte UFMG 2799 LPC 359 HM594607 
Oecomys bicolor Brazil: Mato Grosso, Barra do Garças UFMG 2802 LPC 409 HM594608 
Oecomys bicolor Brazil: Mato Grosso, Barra do Garças UFMG 2804 LPC 422 HM594609 
Oecomys bicolor Brazil: Mato Grosso, Barra do Garças MVZ 197494 LPC 466 HM594613 
Oecomys bicolor Brazil: Mato Grosso do Sul, Dourados UFMG 2817 LPC 608 HM594610 
Oecomys bicolor Brazil: Mato Grosso do Sul, Dourados UFMG 2821 LPC 648 HM594611 
Oecomys bicolor Brazil: Mato Grosso do Sul, Dourados MVZ 197500 LPC 665 HM594612 
Oecomys catherinae Brazil: Espírito Santo, Linhares  MF 29 EU 579507 
Oecomys catherinae Brazil: São Paulo, Capão Bonito MVZ 200982 MAM 13 HM594616 
Oecomys concolor Brazil: Amazonas, Rio Jaú INPA JLP 16728 HM594614 
Oecomys concolor Brazil: Amazonas, Rio Jaú INPA JLP 16729 HM594617 
Oecomys concolor Brazil: Amazonas, Rio Jaú INPA JLP 16806 HM594615 
Oecomys mamorae Brazil: Mato Grosso, Poconé MVZ 197505 LPC 583 HM594605 
Oecomys mamorae Brazil: Mato Grosso do Sul, Passo 

Lontra 
MVZ 197506 LPC 603 HM594606 

Oecomys mamorae Brazil: Mato Grosso do Sul, Passo 
Lontra 

UFMG 2829 JLP 16961 EU 579509 

Oecomys paricola Brazil: Mato Grosso, Alta Floresta UFMG 2841 LPC 525 HM594591 
Oecomys paricola Brazil: Mato Grosso, Alta Floresta MVZ 197507 LPC 559 HM594592 
Oecomys paricola Brazil: Mato Grosso, Alta Floresta MVZ 197508 LPC 570 HM594593 
Oecomys paricola Brazil: Tocantins, Pium UFES 1438 RGR 248 HM594590 
Oecomys paricola Brazil: Tocantins, Pium UFES 1368 RGR 270 HM594589 
Oecomys roberti Brazil: Pará, Santana do Araguaia UFES 1369 RGR 379 HM594604 
Oecomys roberti Brazil: Pará, Santana do Araguaia UFES 1370 RGR 458 HM594603 
Oecomys roberti Brazil: Mato Grosso, Poconé UFMG 2845 LPC 591 HM594597 
Oecomys roberti Brazil: Mato Grosso, Chapada 

Guimarães 
MVZ 197619 JLP 16959 HM594594 

Oecomys sp. Brazil: Tocantins, Pium UFES 1348 RGR 93 HM594602 
Oecomys sp. Brazil: Tocantins, Pium UFES 1353 RGR 289 HM594601 
Oecomys sp. Brazil: Tocantins, Pium UFES 1354 RGR 290 HM594598 
Oecomys sp. Brazil: Tocantins, Pium UFES 1356 RGR 303 HM594599 
Oecomys sp. Brazil: Tocantins, Lagoa da Confusão UFES 1359 RGR 418 HM594600 
Oecomys sp. Brazil: Tocantins, Peixe UFMG 2847 LPC 690 HM594596 
Oecomys sp. Brazil: Tocantins, Peixe MVZ 197511 LPC 710 HM594595 
Oligoryzomys fornesi Brazil: Tocantins, Pium UFES 1440 RGR 281 HM594622 
Oligoryzomys fornesi Brazil: Pará, Santana do Araguaia UFES 1371 RGR 383 HM594621 
Oligoryzomys fornesi Brazil: Pará, Santana do Araguaia UFES 1441 RGR 389 HM594623 
Oligoryzomys fornesi Brazil: Tocantins, Lagoa da Confusão UFES 1372 RGR 398 HM594619 
Oligoryzomys fornesi Brazil: Tocantins, Lagoa da Confusão UFES 1373 RGR 533 HM594620 
Oligoryzomys fornesi Brazil: Goiás, Rio Tocantinzinho MN 36746  DQ 826022 
Oligoryzomys fornesi Brazil: Goiás, Rio Tocantinzinho MN 36928  DQ 826023 
Oligoryzomys microtis Brazil: Amazonas, Jainu MVZ 193858  EU 258549 
Oligoryzomys microtis  BYU 19014  AY 439000 
Oligoryzomys microtis Brazil: Amazonas, Rio Juruá MVZ 190401 JLP 15537 HM594624 
Oligoryzomys microtis Peru: Lorento, Zona Marina TTU 76249  FJ 374766 
Oligoryzomys microtis  INPA 3115 MNFS 1321 OMU 58381 
Oligoryzomys sp. Brazil: Tocantins, Pium UFES 1442 RGR 280 HM594618 
Rhipidomys cariri Brazil: Ceará, Crato UFMG 2942 LPC 288 HM594666 
Rhipidomys emiliae* Brazil: Pará, Rio Xingu MZUSP 21316  AF 108682 
Rhipidomys emiliae Brazil: Pará, Carajás UFES BAC 305 HM594636 
Rhipidomys emiliae Brazil: Pará, Carajás UFES DPO 10 HM594635 
Rhipidomys emiliae Brazil: Pará, Carajás UFES DPO 21 HM594634 
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TABLE 2.1 (continued) 

Taxon  Locality  Voucher  Field 
number 

GenBank access 
nº 

Rhipidomys emiliae Brazil: Mato Grosso, Barra do Garças UFMG 2946 LPC 440 HM594637 
Rhipidomys emiliae Brazil: Mato Grosso, Barra do Garças UFMG 2948 LPC 455 HM594638 
Rhipidomys emiliae Brazil: Mato Grosso, Barra do Garças UFMG 2950 LPC 457 HM594639 
Rhipidomys emiliae Brazil: Mato Grosso, Barra do Garças UFMG 2951 LPC 483 HM594640 
Rhipidomys emiliae Brazil: Mato Grosso, Ribeirão 

Cascalheira 
UFMG 2974 LPC 757 HM594641 

Rhipidomys emiliae Brazil: Mato Grosso, Ribeirão 
Cascalheira 

UFMG 2975 LPC 758 HM594642 

Rhipidomys ipukensis Brazil: Tocantins, Peixe UFMG 2952 LPC 691 HM594633 
Rhipidomys ipukensis Brazil: Tocantins, Pium MN 73742 RGR 184 HM594629 
Rhipidomys ipukensis Brazil: Tocantins, Lagoa da Confusão  RGR 413 HM594630 
Rhipidomys ipukensis Brazil: Tocantins, Lagoa da Confusão  RGR 425 HM594628 
Rhipidomys ipukensis Brazil: Tocantins, Lagoa da Confusão  RGR 437 HM594631 
Rhipidomys ipukensis Brazil: Tocantins, Lagoa da Confusão MN 73741 RGR 452 HM594627 
Rhipidomys ipukensis Brazil: Tocantins, Lagoa da Confusão  RGR 499 HM594632 
Rhipidomys 
leucodactylus 

Brazil: Amazonas, Rio Juruá MPEG 28580 JLP 15724 HM594668 

Rhipidomys 
leucodactylus 

Brazil: Amazonas, Rio Juruá MPEG 28579 JUR 417 HM622064 

Rhipidomys macrurus Brazil: Minas Gerais, Nova Ponte MVZ 197543 LPC 308 HM594645 
Rhipidomys macrurus Brazil: Minas Gerais, Nova Ponte UFMG 2944 LPC 373 HM594646 
Rhipidomys macrurus Brazil: Mato Grosso do Sul, Dourados UFMG 2945 LPC 670 HM594647 
Rhipidomys mastacalis Brazil: Espírito Santo, Linhares MZUSP MAM 196 AF 108684 
Rhipidomys mastacalis Brazil: Minas Gerais, Rio Preto UFMG 2925 LPC 63 HM594643 
Rhipidomys mastacalis Brazil: Minas Gerais, Turmalina UFMG 2930 YL 78 HM594644 
Rhipidomys nitela French Guiana: Les Nouragues  FC 2021 HM594664 
Rhipidomys nitela French Guiana: Pic Matechau 

Mountain 
 FC 2481 HM594665 

Rhipidomys sp. 1 Brazil: Minas Gerais, Coronel Murta UFMG 2934 LPC 191 HM594667 
Rhipidomys sp. 2  Brazil: Rio de Janeiro, Angra dos Reis MN 63622 LG 147 HM594654 
Rhipidomys sp. 2 Brazil: São Paulo, Boracéia MZUSP 

29378 
MAM 118 HM594648 

Rhipidomys sp. 2 Brazil: São Paulo, Pilar do Sul MZUSP CIT 1278 HM594649 
Rhipidomys sp. 3  Brazil: Minas Gerais, Fervedouro UFMG 1893 YL 25 HM594662 
Rhipidomys sp. 3  Brazil: Minas Gerais, Caraça UFMG 1945 YL 54 HM594663 
Thrichomys apereoides Brazil: Bahia, Jaborandi MN 66017 CRB 1548 AY 083337 
Thrichomys apereoides Brazil: Bahia, Jaborandi MN 61659 CRB 1558 AY 083336 
Thrichomys apereoides Brazil: Piauí, João Costa MN 63287 LBCE 1257 AY 083332 
Thrichomys inermis Brazil: Bahia, Sento Sé MN 61804 LBCE 1303 AY 083343 
Thrichomys pachyurus Brazil: Mato Grosso do Sul, Corumbá MN 63844 LBCE 1903 AY 083328 
Thrichomys pachyurus Brazil: Mato Grosso do Sul, Corumbá MN 63901 LBCE 1960 AY 083340 
Thrichomys sp. Brazil: Goiás, Teresina de Goiás MN 66132 CRB 1815 AY 083330 
Thrichomys sp. Brazil: Goiás, Teresina de Goiás MN 50177  AY 083331 
Thrichomys sp. Brazil: Tocantins, Caseara UFES 1407 RGR 350 HM594625 
Thrichomys sp. Brazil: Tocantins, Caseara  RGR 353 HM594626 

*identified as Rhipidomys nitela in GenBank. 
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2.3 – Results 

An effort of 20,482 live traps-nights and 11,592 pitfall traps-nights during a sampling 

period of 112 days yielded 560 captures (re-captures were not considered), 

representing a total of 22 species of small mammals. The capture success averaged 

less than 2% (Fig. 2.3).  

The accounts below summarize information about species identification, 

morphological characters, body measurements, geographic distribution, natural history 

and voucher information of the 22 species of small mammals recorded in the study 

area (Table 2.2). 

 

 
FIGURE 2.3 Plot of cumulative number of species of small mammals captured at the mid-

Araguaia River, Tocantins, Brazil. 



TABLE 2.2 List of the 22 species of small non-volant mammals recorded in a Cerrado-Amazonia transition zone, mid-Araguaia River, central Brazil, between 

June 2007 and November 2008. Total number of specimens captured is given for each sampling point. Letters (A to H) and numbers (1 to 23) correspond to 

sampling points provided in map (Fig. 2.1). NT is the total number of captured individuals, NR is the number of marked and released individuals, and NV is the 

number of voucher specimens. 

Taxon  A B C D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 E F G H NT NR NV 
Didelphidae                                   
Caluromys philander - - - - 2 - - - - - - - - - 2 - - 1 - - - - - - - - - - - - - 5 4 1 
Didelphis albiventris - - - 1 1 - - - - 7 - - - - 1 - - - 3 - - - - - - - - 1 - - - 14 12 2 
Didelphis marsupialis - - - - - - - 5 - - 12 - 7 - 5 5 17 5 - 5 4 1 6 1 - - - - - - - 73 72 1 
Gracilinanus agilis - - - - - - - - - - - - - - - - - - - 2 - - - - 16 9 10 - - - 10 47 38 9 
Marmosa murina - 1 - - - - 2 - - - - 1 - - - - - - 8 1 2 2 8 29 - - - - - - - 54 46 8 
Metachirus nudicaudatus - - - - - - 1 - - - - - - 1 - - - - - - - - - - - - - - - - - 2 1 1 
Micoureus demerarae - 1 - - 3 1 1 - 1 - - - - - 1 2 - 2 1 - - - 7 2 - - - - - - - 22 17 5 
Philander opossum - - - - 2 - - - - - - 3 - 4 - 2 - - - 9 4 10 10 12 2 1 - - - - - 59 48 11 
Cricetidae                                   
Calomys tocantinsi - - - - - - - - - - - - - - 1 4 - - - - - - - 1 3 - 2 2 10 1 - 24 8 16 
Holochilus sciureus - - - - - - - - - - - - - - - - - - - 1 - - - - 1 - - - - 2 - 4 0 4 
Hylaeamys megacephalus - - - - - - - 1 1 6 - - 1 - 1 5 1 - 3 2 - 2 8 1 1 - 1 - - - 4 38 6 32 
Necromys lasiurus - - - - - - - - - - - - - - - - - - - - - - - - 2 - - 3 - - - 5 0 5 
Oecomys paricola - - - - 1 - - - - - - - - - - - - - - - - 2 2 1 - - - - - - - 6 0 6 
Oecomys roberti - - - - - - - - - - - - - - - 1 - - 1 - - - - - - - - - - - - 2 0 2 
Oecomys sp. - - - - - 2 - 3 4 3 5 2 2 - 1 - 1 - - 2 1 1 - - 1 4 1 1 - - - 34 0 34 
Oligoryzomys fornesi - - - - - - - - - - - - - - - 1 - - 2 - - 1 - - 2 1 - - 4 - - 11 0 11 
Oligoryzomys sp. - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 0 1 
 Pseudoryzomys simplex - - - - - - - - - - - - - - - - - - 1 - - - - - - - - 1 - - - 2 0 2 
Rhipidomys ipukensis - - - - 2 - - - - - - - - - - - - - - - - - - - 1 13 8 - - - - 24 16 8 
Echimyidae                                   
Makalata didelphoides - - - - - 4 - 1 2 - 3 - - - - - 1 1 - 1 1 - - - 3 - - - - - - 17 9 8 
Proechimys roberti - 4 1 - 23 - 27 - - - - - - - - - - - - - - - - - - - - - - - - 55 34 21 
Thrichomys sp. 6 - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - 7 1 6 
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DIDELPHIDAE Gray 

Caluromys philander (Linnaeus) 

IDENTIFICATION: This medium-sized marsupial has distinctive big brown eyes 

surrounded by brown eye-rings.  Head pelage is gray with a dark stripe extending from 

the level of the brown ears to the nose. Dorsal pelage is warm reddish brown with long 

and woolly fur; ventral pelage is orangish. The tail is furred only at the basal portion. 

Females have two lateral folds that form the pouch. 

MEASUREMENTS (n = 4): HB = 185–215, T = 233–279, HF = 32–35, E = 32–36, W = 

111–269. 

DISTRIBUTION: This is a widely distributed species, present from the northern South 

America in Venezuela and Guianas to central Brazil and eastern Bolivia, and the 

eastern region within the Atlantic Forest of Brazil (Gardner 2008). This is the first 

record of C. philander in the state of Tocantins. 

NATURAL HISTORY: Caluromys philander is strictly arboreal (Emmons & Feer 1997). 

Three individuals were captured in traps placed from three to four meters above the 

ground, and one was found dead inside a pipetrap (arboreal refuges used for 

colonization by tree frogs). Only one individual was caught in a 30 L pitfall trap. All 

captures of this species took place in alluvial forests at PEC. In September 2007 and 

September 2008, two females were captured carrying three suckling young each, and 

in November 2008, two others had rusty-colored pouches.  

VOUCHERS (n = 1: skull): UFES 1414. 

 

Didelphis Linnaeus 

Didelphis species are the largest marsupials in the region (Emmons & Feer 1997). The 

two species captured are easily recognized and distinguished by the color of their ears. 

The sympatry of these species has already been reported for localities in central Brazil 

(e.g., Bezerra et al. 2009).  

 

Didelphis albiventris Lund 

IDENTIFICATION: White-eared opossums have white heads with three black stripes, the 

middle one extending from the top of the head to the level of eyes, and the lateral ones 

extending from ears to eyes. Ears are completely white or have a black base and white 

tips, the latter especially in young individuals. Dorsal pelage is black with yellowish 

white-based fur and usually with long white overhairs; ventral pelage is yellowish white. 

The tail is furred in the basal third of its length and has a characteristic white tip. 

MEASUREMENTS (n = 10): HB = 265–363, T = 256–331, HF = 43–48, E = 48–63, W = 

430–860. 
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DISTRIBUTION: This species is present from northeast and central Brazil to southern 

regions into Uruguay and central Argentina; it is also present in eastern Bolivia. 

Didelphis albiventris occupy Caatinga and Cerrado habitats and transition regions 

(Gardner 2008). 

NATURAL HISTORY: Fourteen individuals (10 adults and four juveniles) were captured 

mainly on the ground in dry areas with Cerrado sensu strictu but also in alluvial forests. 

Three females carrying suckling young were captured in September 2007 and 2008. 

Litter size varied from five to seven young. Three other adult females were captured 

during the year with no signs of reproductive activity, which might indicates that D. 

albiventris has only one breeding period during the end of dry season in the surveyed 

region.  

VOUCHERS (n = 2: 1♂ 1♀): UFES 1262–1263. 

 

Didelphis marsupialis Linnaeus 

IDENTIFICATION: It is similar to D. albiventris but has several diagnostic characters: 

black ears, dirty yellow head with indistinct black stripes and tail base furred for less 

than 20% of its length. Two color phases reported in populations of this species 

(Emmons & Feer 1997) were presented in the study area, but the black phase was 

dominant (50 individuals) over the gray phase (18 individuals). Juveniles of D. 

marsupialis may have white ears with black spots, which may be confused with 

juveniles of D. albiventris. 

MEASUREMENTS (n = 68): HB = 310–460, T = 330–450, HF = 52–65, E = 48–63, W = 

525–2040. 

DISTRIBUTION: Didelphis marsupialis is widely distributed throughout the Amazon basin 

and eastern Andean slopes, and its range is limited to the east and south by drier 

biomes, such as Caatinga, Cerrado and Chaco of Brazil and Bolivia (Gardner 2008). 

NATURAL HISTORY: This was one of the most abundant species in the area. Seventy-

three individuals were captured (68 adults and five juveniles) in pitfalls (n = 6) and 

Sherman and Tomahawk traps on the ground (n = 65) and in the understory (n = 2). 

Despite the sympatry of D. marsupialis and D. albiventris in the area, they were almost 

always captured at different sampling points (Table 2.2). Twenty out of 31 females 

were carrying pouch young. Litter size varied from four to nine young and the breeding 

period was in the dry season during the months of August and September in both 2007 

and 2008.  

VOUCHERS (n = 1: ♂): UFES 1264. 
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Gracilinanus agilis (Burmeister) 

IDENTIFICATION: Gracilinanus agilis was the smallest marsupial species captured during 

this study. Besides its small size, the characteristic orange color at the base of the ears 

allow the distinction between this species and the other small-bodied opossums 

captured, such as Marmosa murina. Individuals of this species present a prominently 

black eye mask and forehead color is lighter than body color. Dorsal pelage is short 

and chestnut brown. The throat is orangish yellow with self-colored hairs; the belly 

varies from light cream with self-colored hairs to orangish yellow with gray-based hairs. 

Hands and feet are whitish dorsally. Females have no pouch. 

MEASUREMENTS (n = 41): HB = 75–108, T = 124–139, HF = 14–19, E = 21–28, W = 

15–29. 

DISTRIBUTION: This species occurs from northeast to southeast Brazil to south 

Paraguay and Uruguay, and also in eastern Peru and Bolivia, occupying Cerrado, 

Caatinga and Chaco biomes (Gardner 2008). These are the northwesternmost records 

of G. agilis along with those of Bezerra et al. (2009). 

NATURAL HISTORY: Forty-seven individuals (41 adults and six juveniles) were captured 

either in Sherman traps placed on the ground (n = 29) or in the understory (n = 13), 

and in pitfall traps (n = 5). Almost all individuals of G. agilis were captured in natural 

forest fragments at FLV, either enclosed in the matrix of pristine Cerrado or in 

cultivated lands, and only two were captured in alluvial forests at PEC. Seven lactating 

females and six juveniles were captured in September 2008.  

VOUCHERS (n = 9: 6♂ 3♀): UFES 1265–1271, 1412–1413.  

 

Marmosa murina (Linnaeus) 

IDENTIFICATION: This is a small-bodied murine opossum with large black eye mask that 

reaches the nose and large brown ears. The forehead is lighter than the rest of the 

body. Dorsal pelage is chestnut brown with short fur; ventral pelage varies from cream 

to light salmon with self-colored hairs restricted to the midline, flanked with gray-based 

hair bands. The tail is dark throughout all of its length and is covered by very small 

unpigmented hairs. Females have no pouch. 

MEASUREMENTS (n = 54): HB = 98–155, T = 145–200, HF = 18–26, E = 20–28, W = 

31–68.   

DISTRIBUTION: This species occurs in Colombia, Venezuela, Trinidad and Tobago, 

Guianas and Brazil throughout humid forests of Amazonia and Atlantic Forest (Gardner 

2008). 

NATURAL HISTORY: Fifty-four (41 males and 13 females) adult M. murina were captured, 

mainly on the ground in upland forests, as previously reported in the Juruá River basin 
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(Patton et al. 2000). One female was captured with six pouch young in September 

2009. All her young were dead and we observed cannibalism by the mother over the 

young. Two other females with rusty pouches were captured in August 2007 and 

September 2008, indicating reproductive activity during the dry season.    

VOUCHERS (n = 8: 5♂ 3♀): UFES 1272–1279. 

 

Metachirus nudicaudatus (É. Geoffroy) 

IDENTIFICATION: This medium-sized marsupial is easily distinguishable by its light yellow 

coloration and yellowish white spot above each eye. It has a black crown on the head, 

extending as a stripe to the neck; gray nose; light buff cheeks; black eye outline; and 

two less prominent spots at the upper base of the ear. Dorsal pelage is darker in the 

mid-back and ventral pelage is light buff. The fur is short and soft and the tail is 

bicolored and naked from the base. 

MEASUREMENTS (n = 2): HB = 215–225, T = 270–331, HF = 42–47, E = 34–41, W = 

220–300. 

DISTRIBUTION: This is a widely distributed species, ranging from Central to South 

America throughout Amazonia and Atlantic Forest, with the exception of northeast 

Brazil (Gardner 2008). Despite its wide distribution, this is the first occurrence in the 

state of Tocantins, in central Brazil. 

NATURAL HISTORY: Only two males M. nudicaudatus were captured, both in Tomahawk 

traps on the ground. Each of these captures occurred in opposite banks of the 

Araguaia River, in upland forest areas.  

VOUCHERS (n = 1: ♂): UFES 1280. 

 

Micoureus demerarae (Thomas) 

IDENTIFICATION: A recent revision treats Micoureus as a subgenus of Marmosa in order 

to keep Marmosa a monophyletic genus (Voss & Jansa 2009). Herein we follow the 

previous taxonomy of Wilson and Reeder (2005) and treat Micoureus as a full genus, 

once that its monophyly is well supported (Voss & Jansa 2009), and combined with 

diagnostic characters, warrants recognition at the taxonomic level of genus and not 

subgenus. 

This medium-bodied murine opossum has small eye masks that do not reach 

the nose, orange cheeks and the forehead is lighter than the rest of the body. Dorsal 

pelage is gray-brown and ventral pelage ranges from yellow to orange. The throat and 

inguinal regions have self-colored hairs, and the belly has self-colored hairs restricted 

to a midline and flanked with gray-based lateral hair. Its long and woolly fur and 

distinctly furred tail base (average 30 mm of tail length from the base) allow the 
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diagnosis between the juveniles of this species and adult Marmosa murina. All but one 

M. demerarae had mottled tails (white spots or with the tip completely white), and the 

specimen UFES 1282 had a completely dark tail. This variation was also reported for 

the same species at Paracou (Voss et al. 2001). Females have no pouch. 

MEASUREMENTS (n = 22): HB = 110–190, T = 205–245, HF = 22–30, E = 19–34, W = 

71–140. 

DISTRIBUTION: This species occurs in Venezuela, Peru, Bolivia, Colombia, Guianas and 

northern and central Brazil, throughout humid forests of Amazonia and the northern 

part of the Atlantic Forest and the drier biomes of Cerrado and Caatinga (Gardner 

2008). 

NATURAL HISTORY: Twenty-two individuals of M. demerarae, eleven of each sex, were 

captured on the ground (n = 18) and in the understory (n = 4) of flooded and upland 

forest. Six reproductively active females were captured from June to November 2007, 

three lactating and one with six pouch young and two with eleven pouch young.  

VOUCHERS (n = 5: 2♂ 3♀): UFES 1282–1285. 

 

Philander opossum (Linnaeus) 

IDENTIFICATION: This species, known as the grey four-eyed opossum, has two white 

spots above the eyes, black eye outline, gray nose and cream to orange cheeks. Ears 

are bicolored (grey and white). Dorsal pelage is dark gray with soft fur; ventral pelage 

varies from cream to orange. The tail is dark with a white tip, and the basal furred part 

ranges from 30 to 55 mm of its length, which is a good diagnostic character that 

distinguishes it from M. nudicaudatus. Females have a pouch. 

MEASUREMENTS (n = 50): HB = 180–260, T = 203–300, HF = 34–42, E = 31–41, W = 

129–390. 

DISTRIBUTION: Philander opossum is widely distributed from northeastern Mexico to the 

lowland tropics of Central and South America to southcentral Brazil (Gardner 2008).  

NATURAL HISTORY: Fifty-six individuals (47 adults and nine juveniles) were captured in 

60L pitfall traps (n = 6), in Sherman and Tomahawk traps on the ground (n = 46) and in 

the understory (n = 4) of flooded and upland forests at PEC and FSF. Three adults 

were captured in Sherman and Tomahawk traps on the ground (n = 2) and in the 

understory (n = 1) in ipucas at FLV. Eleven out of 30 females were carrying pouch 

young and eight were lactating. Litter size varied from one to seven young. These 

captures of reproductively active females occurred from June to November 2007, and 

May and September 2008.  

VOUCHERS (n = 11: 5♂ 6♀): UFES 1286–1288, 1415–1422. 
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CRICETIDAE Fischer 

Calomys tocantinsi Bonvicino, Lima and Almeida 

IDENTIFICATION: A small-sized species with tail length shorter than head and body 

length. Dorsal pelage is grayish brown and body sides are lighter than the dorsum; 

ventral pelage is whitish gray. It has characteristic white fur patches posterior to the 

base of the ears. The bicolored tail is ventrally covered by light hairs and dorsally 

covered by dark hairs. Front and hind feet are white and the claws are covered by long 

ungual hairs.  

Craniodental characters of our specimens (Fig. 2.4) closely agree with the 

description of this species by Bonvicino et al. (2003). The rostrum is narrow and short, 

and incisors are opisthodont, the interorbital region converges anteriorly and has 

weakly developed supraorbital ridges. Incisive foramina are parallel-sided and long, 

reaching the procone of M1. The anterior edge of mesopterygoid fossa reaches the 

posterior plan of M3. The alisphenoid strut is absent. The M2 is similar to M1, but lacks 

the procingulum and M3 is clearly smaller than M2. 

 

 

FIGURE 2.4 Dorsal, ventral and lateral views of skull and mandible of Calomys tocantinsi (male, 

UFES 1285). 

 

MEASUREMENTS (n = 16): HB = 82–115, T = 71–80, HF = 19–23, E = 18–20, W = 20–

56. 

DISTRIBUTION: Calomys tocantinsi is endemic to the Cerrado of central Brazil 

(Bonvicino et al. 2003) and previously known from just six localities in the states of 

Tocantins and Mato Grosso (Bonvicino et al. 2010). 

NATURAL HISTORY: Twenty-three individuals (17 adults and six juveniles) of C. 

tocantinsi were captured on both banks of the Araguaia River. These captures were in 

pitfalls (n = 10) and Sherman traps (n = 13) placed mainly in grasslands. An additional 
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skull was found inside a pitfall that was found open during a non-trapping period. Nine 

out of 12 females captured in October and November 2008 were reproductively active: 

three were pregnant, with five, seven and 10 embryos each, five had open vagina, and 

one was lactating.  

VOUCHERS (n = 16: 7♂ 6♀ 1?): UFES 1289–1303, 1423.  

 

Holochilus sciureus Wagner 

IDENTIFICATION: Holochilus sciureus was the largest cricetid species captured in the 

study area. The dorsal pelage is long and soft, and brown streaked with black hairs. 

The dorsum is darker than the body sides, which become gradually lighter toward 

orange. The ventral pelage is a mix of white and orange fur. Younger individuals 

present darker dorsal pelages and completely white ventral pelages. Ears are rounded 

and hairy. The tail is slightly shorter than the body, bicolored and covered with thin 

hairs. Hind feet are webbed between the toes.  

Craniodental characters (Fig. 2.5) closely conform to published descriptions of 

this species (e.g., Voss & Carleton 1993; Patton et al. 2000; Barreto & García-Rangel 

2005). The rostrum is broad and the zygomatic notches are deeply concave. The 

interobital region is hourglass shaped with distinct ridges extending over the temporal 

region. Incisive foramina are oval shaped and long, nearly extending to the anterior 

margin of molar rows. The mesopterygoid fossa extends to the posterior margin of 

molar rows. The alisphenoid strut is present and it has pattern 3 of carotid circulation 

(sensu Voss 1988) in which the spatedial foramen is small and the squamosal-

alisphenoid groove and sphenofrontal foramen are absent. M1 and M2 have expanded 

paracones and no mesolophs. The same pattern is observed in the lower dentition, 

where m1 and m2 have no mesolophids. 

 

 
FIGURE 2.5 Dorsal, ventral and lateral views of skull and mandible of Holochilus sciureus 

(male, UFES 1306). 
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MEASUREMENTS (n = 2): HB = 136–170, T = 129–151, HF = 38–41, E = 21–25, W = 

80–168. 

DISTRIBUTION: This species occurs in Venezuela, Guianas, Colombia, Ecuador, Bolivia, 

Peru and north and central Brazil throughout Amazonia and Cerrado biomes (Musser & 

Carleton 2005). 

NATURAL HISTORY: Four specimens of H. sciureus were captured in 30L pitfalls (n = 2) 

and Sherman traps (n = 2) placed close to the Javaés River at PEC, and near to an 

irrigation canal at FLV. One juvenile female was caught in August 2007, and two adults 

with scrotal testes and one juvenile male were trapped in October 2008.  

VOUCHERS (n = 4: 3♂ 1♀): UFES 1304–1307. 

 

Hylaeamys megacephalus (Fischer) 

IDENTIFICATION: The genus “Oryzomys” was recently revised and divided into ten new 

genera, including the megacephalus species group, which was assigned to the new 

genus Hylaeamys (Weksler et al. 2006). Hylaeamys megacephalus is a medium-sized 

species with large ears and long feet. Dorsal pelage ranges from gray-brown to brown, 

the fur is gray-based and in some adults small light gray fur patches are visible on the 

dorsum. Juveniles have completely dark gray dorsal pelages. Ventral pelage is white 

with well-defined lateral lines. The tail length is approximately the same as the head-

body length. Front and hind feet are white dorsally and the claws are covered by long 

ungual hairs. Females have four pairs of mammae. 

Craniodental characters (Fig. 2.6) closely agree with descriptions by Musser et 

al. (1998) and Weksler (2006). The rostrum is moderately long and zygomatic notches 

are moderately deep. The interorbital region is almost hourglass shaped with squared 

dorso-lateral margins. The lacrimal bone is in contact mainly with the maxilla. The 

incisive foramen is teardrop shaped and short not reaching the anterior margin of molar 

rows. It has pattern 2 of carotid circulation (sensu Voss 1988) in which the stapedial 

foramen and posterior opening of alisphenoid canal are large, and the squamosal-

alisphenoid groove and sphenofrontal foramen are absent. The labial accessory root of 

M1 is absent. The flexi of M1 and M2 do not interpenetrate and the mesoflexus of M2 is 

a single internal fossette. The hypoflexus of M3 is present.   

MEASUREMENTS (n = 29): HB = 92–125, T = 88–127, HF = 22–29, E = 20–25, W = 23–

59. 

DISTRIBUTION: This species occurs in Trinidad and Tobago, Venezuela, Guianas, 

Paraguay and northern and central Brazil throughout eastern Amazonia and Cerrado 

biomes (Musser & Carleton 2005). 
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NATURAL HISTORY: Hylaeamys megacephalus was well distributed throughout the study 

area. Thirty-eight individuals (29 adults and nine juveniles) were captured both in 

pitfalls (n = 17) and Sherman traps (n = 21). All seventeen adult males caught had 

scrotal testes. Two females were lactating in June and September 2007, and two were 

pregnant in June and November 2008. The number of embryos varied from three to 

four.  

VOUCHERS (n = 32: 21♂ 11♀): UFES 1308–1333, 1424–1429.  

 

 
FIGURE 2.6 Dorsal, ventral and lateral views of skull and mandible of Hylaeamys 

megacephalus (female, UFES 1327). 

 

Necromys lasiurus (Lund) 

IDENTIFICATION: This is a small-sized species with tail shorter than the head and body 

length. The dorsal pelage is dark gray brown and the fur has yellowish brown tips; 

ventral pelage varies from whitish to yellowish gray without a well-defined lateral line. 

Eyes have a cream periocular ring and ears are covered with small yellow hairs. The 

tail is bicolored. Front and hind feet are dark and the claws are covered by long ungual 

hairs.  

Craniodental characters of N. lasiurus vouchers (Fig. 2.7) agree with the 

description by Voss (1991). The rostrum is short and zygomatic notches are deep. The 

interorbital region converges anteriorly and has weakly beaded supraorbital margins. 

The incisive foramen is long, reaching the protocone of M1, and is parallel-sided with 

anterior part wider than the posterior. The palate is short, without conspicuous 

posterolateral pits. The alisphenoid strut is present, separating buccinator-masticatory 

and accessory oval foramina. Upper incisors are orthodont. Principal cusps of upper 
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and lower molars alternate in anteroposterior position. Labial accessory root present in 

M1 and mesoloph is absent.  

MEASUREMENTS (n = 5): HB = 80–96, T = 62–73, HF = 21–24, E = 17–19, W = 21–31. 

DISTRIBUTION: This species occurs south of the Amazon River, from central Brazil to 

Bolivia, Paraguay and Argentina (Musser & Carleton 2005), throughout open 

vegetations of Cerrado and transition areas between this biome and Atlantic Forest 

(Bonvicino et al. 2008). 

NATURAL HISTORY: Five adults of N. lasiurus were captured in pitfalls (n = 2) and in 

Sherman traps (n = 3) placed on the ground in Cerrado sensu strictu at FLV. Two 

males with scrotal testes and three females with open vaginas were trapped in 

September and October 2008.  

VOUCHERS (n = 5: 2♂ 3♀): UFES 1334–1338. 

 

 
FIGURE 2.7 Dorsal, ventral and lateral views of skull and mandible of Necromys lasiurus 

(female, UFES 1337). 

 

Oecomys Thomas 

Oecomys are small to medium-sized species with the tail longer than the head and 

body length. The dorsal pelage varies from orange brown to brown and ventral pelage 

is white or yellowish white. The long tail is self-colored and is covered by dark thin 

hairs, usually ending in a very short tuft. Hind feet are short and broad, with a white 

dorsal surface. Females have four pairs of mammae. 

The occurrence of Oecomys species in sympatry has already been reported in 

Amazonia (e.g., Patton et al. 2000; Voss et al. 2001). In this ecotonal area, we 

captured three Oecomys species. Oecomys paricola is relatively easy to distinguish 

from the other two by cranial characters, while Oecomys sp. and O. roberti are rather 

similar, and the former shows a high degree of morphological variation. Cranial 
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diagnostic traits of each species are detailed in the species accounts below. 

Measurements and ecological notes are related to collected specimens only, because 

only 42 out of 106 individuals were collected and we were unable to identify them to 

species level in the field. Only thorough comparisons of museum specimens (mainly 

based on skulls) and analyses of DNA sequences allow proper identification of 

Oecomys species.  

Phylogenetic analyses show three distinct clades of Oecomys species, 

occurring sympatrically at the Araguaia River (Fig. 2.8). High bayesian posterior 

probabilities (BPP) support species monophyly, but interspecific relationships are not 

resolved, with the exception of the clade (Oecomys sp., O. roberti) (BPP = 0.99). 

Although we were unable to distinguish Oecomys sp. from O. roberti at first using 

morphological evaluation, the phylogenetic analysis clearly places specimens of these 

two species in two distinct clades, with an interspecific genetic distance of 6.5% on 

average. The name O. roberti is given to the clade that includes UFES 1369 and UFES 

1370 from the study area, since they match the species description by Patton et al. 

(2000) and group with the specimen MVZ 197616, which is a topotype of O. roberti, 

collected at Chapada dos Guimarães, state of Mato Grosso, Brazil (type locality of the 

species; Musser & Carleton 2005). Concerning the other clade, we list it as Oecomys 

sp. since these specimens cannot be unambiguously allocated to any described 

species. They present high level of non-geographic morphological variation, despite 

very low genetic divergence within the clade (0.7%). One specimen captured in the 

study area (UFES 1353) shares remarkable similarities with the holotype of O. cleberi 

examined by one of us (YLRL), but most of the remaining specimens do not. Oecomys 

cleberi is known only from the holotype collected in Distrito Federal, central Brazil 

(Locks 1981) and it has been associated to the bicolor species complex (Musser & 

Carleton 2005). On the other hand, our series of Oecomys sp. has clear phylogenetic 

affinities with O. roberti. More samples are needed to clarify the taxonomic status of 

these Oecomys species from the mid-Araguaia River; this will be the subject of a 

separate paper (Rocha et al. in. prep). Like Oecomys sp., O. roberti has relatively low 

intraspecific divergence (0.4%), but O. paricola, on the other hand, has relatively high 

intraspecific divergence (3.6%), which may reflect the geographic distance of the 

samples from states of Tocantins (UFES 1438 and 1368) and Mato Grosso (UFMG 

2841, MVZ 197507 and 197508), and the presence of geographic barriers along its 

distribution, such as the Araguaia and Xingu Rivers. 
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FIGURE 2.8 Bayesian tree of cyt-b haplotypes from specimens of Oecomys rooted using 

Hylaeamys and Thomasomys. Bayesian posterior probabilities are in bold and percentages are 

average Kimura two-parameter distances. 

 

Oecomys paricola (Thomas) 

IDENTIFICATION: The dorsal pelage is orange brown and the tail is more hairy and the 

ending tuft more prominent than in other species. The skull (Fig. 2.9a) is small and the 

rostrum varies from slender in females to broad in males. Zygomatic notches are 

almost indistinct, the interorbital region converges anteriorly and it has supraorbital 

ledges extending onto parietals. The incisive foramen is oval-shaped and does not 

reach the molar rows. The mesopterygoid fossa is arched and sphenopalatine vacuities 

are absent, mesopterygoid roof is totally ossified. Posterior palatal pits are prominent 

and often divided. It also has the pattern 1 of carotid circulation (sensu Voss 1988), and 

alisphenoid strut is absent. Upper incisors are slightly opisthodont, labial accessory 

root of M1 is present and maxillary tooth rows are smaller than in Oecomys sp. or O. 

roberti.  
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MEASUREMENTS (n = 4): HB = 102–117, T = 107–123, HF = 23–25, E = 17–18, W = 

35–45. 

DISTRIBUTION: This species occurs in central Brazil south of the Amazon River (Musser 

& Carleton 2005). Here we provide the southernmost record of O. paricola, in a 

transitional area between Cerrado and Amazonia. 

NATURAL HISTORY: Six specimens (four males and two females) of O. paricola were 

captured in pitfalls in the southern part of PEC, which is the most preserved area of the 

park. Only one adult male was captured in a Sherman trap in the northern part of PEC.  

VOUCHERS (n = 6: 4♂ 2♀): UFES 1365–1368, 1438–1439. 

 

Oecomys roberti (Thomas) 

IDENTIFICATION: Specimens from the mid-Araguaia (Fig. 2.9b) conform to the 

description of craniodental characters of specimens from the Juruá River basin (Patton 

et al. 2000). The skull is characterized by relatively short rostrum, shallow zygomatic 

notches and interorbital region converging anteriorly with supraorbital ledges. The 

incisive foramen is teardrop-shaped and reaches the anterior end of molar rows. The 

mesopterygoid fossa is slightly arched, sphenopalatine vacuities are absent and 

mesopterygoid roof is totally ossified. Posterior palatal pits are large and divided. It also 

has the pattern 1 of carotid circulation (sensu Voss 1988). The alisphenoid strut is 

absent in the two specimens analyzed. The hamular process of squamosal is short and 

broad, and in one specimen occludes the subsquamosal foramen. Upper incisors are 

opisthodont and labial accessory root of M1 is present. 

MEASUREMENTS (n = 1): HB = 100, T = 135, HF = 26, E = 19, W = 39. 

DISTRIBUTION: This species occurs in Amazonian region in western Brazil (Musser & 

Carleton 2005).  

NATURAL HISTORY: One adult male and one juvenile female were collected in Sherman 

traps placed on the ground on the west bank of the mid-Araguaia River at FSF, state of 

Pará.  

VOUCHERS (n = 2: 1♂ 1♀): UFES 1369–1370. 
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FIGURE 2.9 Dorsal, ventral and lateral views of skull and mandible of: a) Oecomys paricola 

(female, UFES 1368), b) Oecomys roberti (female, UFES 1370) and c) Oecomys sp. (female, 

UFES 1353). 
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Oecomys sp.  

IDENTIFICATION: The series of Oecomys sp. specimens reported here present high 

morphological variation, and still very low genetic divergence (Fig. 2.8). The very short 

and broad rostrum that characterizes the holotype of O. cleberi (Locks 1981) was found 

only in one specimen (UFES 1353) (Fig. 2.9c) among 34. Zygomatic notches are 

shallow but not as much as in O. paricola and O. roberti. The interorbital region 

converges anteriorly and has well-developed supraorbital ledges extending onto the 

parietals. The incisive foramen is oval and reaches the anterior end of molar rows. The 

mesopterygoid fossa is slightly arched or squared at the anterior end. Sphenopalatine 

vacuities are either absent and mesopterygoid roof is totally ossified or present as 

narrow openings. Posterior palatal pits are present, usually divided and sometimes 

recessed in shallow depression. It has the pattern 1 of carotid circulation (sensu Voss 

1988) in which the stapedial foramen and posterior opening of alisphenoid canal are 

large and the squamosal-alisphenoid groove and sphenofrontal foramen are present. 

The alisphenoid strut is either present or absent. The hamular process of the 

squamosal is short and broad, and in some specimens occludes the subsquamosal 

foramen. Upper incisors are opisthodont and labial accessory root of M1 is present. 

MEASUREMENTS (n = 19): HB = 90–125, T = 102–150, HF = 21–26, E = 13–19, W = 

22–56. 

DISTRIBUTION: Oecomys sp. was collected on both banks of the mid-Araguaia River, 

states of Pará and Tocantins. Additional specimens collected at Santa Teresa River, 20 

km NW Peixe, state of Tocantins, were also allocated to this species. 

NATURAL HISTORY: Thirty-four specimens (19 adults and 15 juveniles) of Oecomys sp. 

were collected. These captures took place mainly in alluvial forest at PEC. They were 

also trapped in upland forests on the west bank of the Araguaia River at FSF, and in 

ipucas and Cerrado sensu strictu at FLV. Fourteen adult males had scrotal testes; in 

October 2006 one adult female was collected with four embryos. 

VOUCHERS (n = 34: 17♂ 17♀): UFES 1339–1364, 1430–1437. 

 

Oligoryzomys Bangs 

Oligoryzomys was the smallest mammal encountered in the area. The dorsal pelage is 

tawny yellow-brown streaked with black hairs, sides become lighter and the ventral 

pelage varies from buff to light orange. Heads of both species captured in the study 

area are grayish and ears are covered by small light hairs. The tail is longer than the 

head and body length and is self-colored. Hind feet are narrow and very long. Females 

have four pairs of mammae.  



Small Mammals of the mid-Araguaia River in Central Brazil 

46 

Phylogenetic analyses based on cyt-b sequence data allow us to recognize two 

species among PEC specimens (Fig. 2.10). Specimens of O. fornesi form a 

monophyletic clade, grouping samples from the study area (UFES 1371–1373 and 

UFES 1440–1441) and those from the Cerrado areas in the state of Goiás (MN 36746 

and MN 36928, Miranda et al. 2009), with an average intraclade divergence of 1.6% 

among them. The specimen that we treat here as Oligoryzomys sp. groups with O. 

microtis from state of Amazonas, Brazil (Patton et al. 2000) and from Peru, but with 

high divergence between them (7.7%). This high divergence probably reflects two 

distinct species, but with limited samples, we are unable to rule out the possibility of 

isolation by distance in a geographically structured species. More samples of these 

species from eastern Amazonia are needed to clarify their taxonomic identities. 

Nevertheless, our molecular data corroborates previous authors, who found that O. 

fornesi and O. microtis belong to distinct and divergent evolutionary lineages (Myers et 

al. 1995). 

 
FIGURE 2.10 Bayesian tree of cyt-b haplotypes from specimens of Oligoryzomys rooted using 

Hylaeamys and Thomasomys. Bayesian posterior probabilities are in bold and percentages are 

average Kimura two-parameter distances. 
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Oligoryzomys fornesi (Massoia) 

IDENTIFICATION: Craniodental characters of the mid-Araguaia specimens (Fig. 2.11) 

closely agree with descriptions by Weksler and Bonvicino (2005) and Weksler (2006). 

The skull is small with tapered rostrum; zygomatic notches are deep and smoothly 

rounded; the interorbital region is hourglass shaped. The incisive foramen is long, 

terminating at the anterior of plan of M1; the mesopterygoid fossa is slightly arched or 

M-shaped and it is distant from M3. Sphenopalatine vacuities are large apertures along 

the presphenoid. It has the pattern 2 of carotid circulation (sensu Voss 1988) in which 

the stapedial foramen and posterior opening of alisphenoid canal are large, and the 

squamosal-alisphenoid groove and sphenofrontal foramen are absent. The alisphenoid 

strut is absent. Upper incisors are opisthodont; the labial accessory root of M1 is 

absent; the hypoflexus of M3 is minute and disappears with wear. 

MEASUREMENTS (n = 9): HB = 67–82, T = 93–112, HF = 20–23, E = 15–17, W = 12–22. 

DISTRIBUTION: This species occurs in central Brazil (Musser & Carleton 2005). This is 

the northwestermost record of O. fornesi, which expands the distribution of this 

Cerrado species to a transitional area with Amazonia. 

NATURAL HISTORY: Eleven specimens (nine adults and two juveniles) were captured in 

pitfalls (n = 7) and Sherman traps (n = 4) placed in flooded forests at PEC and FSF, as 

well as in grasslands at FLV. In July and October 2008 two females were collected with 

four embryos each, and in November 2008 one female was collected with two 

embryos. Three adult males collected had scrotal testes. 

VOUCHERS (n = 11: 4♂ 7♀): UFES 1371–1379, 1440–1441. 

 

 
FIGURE 2.11 Dorsal, ventral and lateral views of skull and mandible of Oligoryzomys fornesi 

(female, UFES 1376). 
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Oligoryzomys sp. 

IDENTIFICATION: Only one specimen from a second Oligoryzomys species was captured 

in this ecotonal area. This taxon is very distinct from sympatric O. fornesi in mtDNA 

sequences (11.5%) and is also slightly distinct in external morphology. The specimen 

of Oligoryzomys sp. has lighter dorsal pelage, its body sides are strongly demarcated 

by yellowish fur, and hind feet are completely white, when compared to O. fornesi.  

The skull of Oligoryzomys sp. is slightly larger than that of O. fornesi and it 

shares most of craniodental characters with it, but we were unable to do a thorough 

comparison between them because the skull of our specimen was slightly damaged.  

MEASUREMENTS (n = 1): HB = 82, T = 102, HF = 23, E = 18, W = 16. 

DISTRIBUTION: This species was collected on the left bank of the Javaés River, at the 

southern edge of Parque Estadual do Cantão. 

NATURAL HISTORY: Only one adult male with scrotal testes was captured in a Sherman 

trap at PEC in a flooded forest area in October 2007. It is syntopic with O. fornesi and 

they were captured along the same trap line.  

VOUCHERS (n = 1: ♂): UFES 1442. 

 

Pseudoryzomys simplex (Winge) 

IDENTIFICATION: Pseudoryzomys simplex is a small-sized terrestrial species with a tail 

slightly longer than head and body length. The dorsal pelage is brown streaked with 

black hairs and body sides are lighter than the dorsum; the ventral pelage is yellowish 

gray. Ears are covered by small light hair. The tail is bicolored and covered with thin 

silver hairs. Front and hind feet are dark gray and the claws are covered by silver 

ungual hairs. Hind feet have small webbing between the toes. 

Craniodental characters (Fig. 2.12) closely agree with the description of this 

species by Voss and Myers (1991). The rostrum is short and zygomatic notches are 

very deep. The interorbital region converges anteriorly and has well-developed 

supraorbital crests. The incisive foramen is long, reaching the anterior margin of molar 

rows, and parallel sided. The palate is long and it has prominent posterolateral pits. 

Upper incisors are opisthodont. Labial and lingual cusps of upper molars are arranged 

in opposite pairs. Labial accessory root is present on M1 and small mesoloph is 

present on M1 and M2. 

MEASUREMENTS (n = 2): HB = 109–112, T = 115–120, HF = 28–29, E = 19–20, W = 

39–46. 

DISTRIBUTION: This species occurs from central to east Brazil (Musser & Carleton 2005) 

throughout Cerrado and Caatinga biomes (Bonvicino et al. 2008). 
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FIGURE 2.12 Dorsal, ventral and lateral views of skull and mandible of Pseudoryzomys simplex 

(female, UFES 1381). 

 

NATURAL HISTORY: Only two specimens (one male and one female) were captured in 

September 2008, one in a pitfall and another in a Tomahawk trap. These captures took 

place in areas of Cerrado sensu strictu at FLV and FSF. 

VOUCHERS (n = 2:1♂ 1♀): UFES 1380–1381. 

 

Rhipidomys Tschudi 

The genus Rhipidomys is one of the least known arboreal mammals of the Neotropics 

(Tribe 2005) and Patton et al. (2000) suggests that species of this genus are either 

difficult to trap or generally uncommon in Amazonia. Knowledge on Rhipidomys from 

central Brazil is even sparser. Species of this genus from states of Pará and Mato 

Grosso were allocated by Tribe (1996) to R. nitela and R. emiliae, and treated only as 

R. nitela by Costa (2003). According to Voss et al. (2001), R. nitela is confined to 

Amazonia, east of the Negro and Madeira Rivers.  

 During this study, 24 specimens of Rhipidomys were captured, and thorough 

comparisons of morphological characters (detailed below) and molecular analyses 

allow us to recognize a new species within this genus. This new species is genetically 

distinct in terms of mtDNA sequences, and represents a well-supported clade (Fig. 

2.13). It shows an average genetic divergence of 5.1% to its sister species, R. emiliae 

from states of Pará and Mato Grosso, and an average divergence of 9.5% to R. nitela 

from French Guiana, the species to which it was previously assigned (Costa 2003). 

Clades of R. mastacalis and R. leucodactylus correspond to the same of those from the 

previous work of Costa (2003), and the clade of R. cariri correspond to a topotype 
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captured at Crato, state of Ceará, type locality of this species (Tribe 2005). Rhipidomys 

sp. 2 and R. sp. 3 (Fig. 2.13) are currently being described (Costa et al. in press).  

 

 
FIGURE 2.13 Bayesian tree of cyt-b haplotypes from specimens of Rhipidomys, rooted using 

Thomasomys and Hylaeamys. Bayesian posterior probabilities are in bold and percentages are 

average Kimura two-parameter distances. 

 

Rhipidomys ipukensis n. sp. Rocha, B. M. A. Costa & L. P. Costa 

HOLOTYPE: An adult male consisting of skin, skull and mandible collected on 24 July 

2008 by Rita G. Rocha, under original field number RGR 452, and deposited at Museu 

Nacional, Universidade Federal do Rio de Janeiro, Brazil, under collection number MN 

73741. A liver tissue sample preserved in ethanol is stored at Coleção de Tecidos e 

DNA da Universidade Federal do Espírito Santo.  

PARATYPES: Three paratypes were deposited at Museu Nacional, Universidade Federal 

do Rio de Janeiro (MN 73742–73744), two adult males, and a juvenile male, under 

original field numbers RGR 410, 412 and 184, respectively. Other three paratypes were 

deposited at Coleção de Mamíferos da Universidade Federal de Espírito Santo (UFES 

1449–1451), two adult females and an adult male, under original field numbers RGR 
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399, 403 and 411, respectively. Paratypes consisting of skin, skull, mandibles and liver 

tissue sample preserved in ethanol, were collected at the type locality, with exception 

of the juvenile male that was collected at Parque Estadual do Cantão.  

TYPE LOCALITY: Fazenda Lago Verde, municipality of Lagoa da Confusão, state of 

Tocantins, Brazil, 10º52’09.1”S, 49º41’52.1”W, elevation 180 m. This 8,000 ha private 

farm is located along the Urubu and Lago Verde Rivers. About 30% of the area is used 

for agricultural activities and the remaining is still unexploited and covered with pristine 

Cerrado sensu lato physiognomies. Both agricultural and Cerrado areas have natural 

forest fragments, locally called ipucas (Martins et al. 2002), which are dominated by 

plant species belonging to the families Favaceae, Arecaceae, Chrysobalanaceae and 

Vochysiaceae (Martins et al. 2008). The holotype and five paratypes of Rhipidomys 

ipukensis n. sp. were captured in these fragments.      

DIAGNOSIS: A medium-sized Rhipidomys species with dorsal pelage yellowish gray-

brown to orangish brown and ventral pelage cream. The tail is moderately longer than 

head and body length with a medium-sized terminal pencil; hind feet are broad and 

have dark dorsal markings limited to metatarsals; ears are large (Table 2.3). The skull 

is medium-sized, with relatively shallow zygomatic notches viewed from above; the 

interorbital region is convergent anteriorly with beaded supraorbital margins (Fig. 2.14); 

it has pattern 3 of carotid circulation (sensu Voss 1988); the subsquamosal foramen is 

small, almost occluded by the long hamular process; the incisive foramen is bullet-

shaped and its margins are posteriorly parallel to each other; and the mesopterygoid 

fossa is M-shaped and its margins are parallel-sided (Fig. 2.15). 

DESCRIPTION: This is a medium-sized species, with adult head and body length varying 

from 99 to 141 mm. The tail is 114–124% longer than head and body. The dorsal 

pelage is relatively short with coarse texture, and it varies from yellowish gray-brown to 

orangish brown. Dorsal fur is gray-based with yellowish to orangish tips mixed with 

completely black guard hairs. Body sides are lighter than the dorsum and have a well-

defined limit with venter. The ventral pelage is woolly, and it varies from whitish to 

cream; some specimens have a dark cream ventral midline. Females have three pairs 

of mammae. Juveniles have completely light gray dorsal pelages and white ventral 

pelages. The tail is completely dark gray and is covered with short hairs along the 

anterior half of the tail. These hairs become longer along the posterior half, ending in a 

medium-sized pencil up to 10 to 15 mm in length. Hind feet are broad and have dark 

dorsal metatarsal markings that vary from narrow and flanked by white fur, to broad 

with poorly defined lateral limits. Ungual hairs are white and completely cover the 

claws, not passing beyond them. Ears are large (Table 2.3) and brown, and in some 

specimens have a small cream patch of fur at the base of the ear.   
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FIGURE 2.14 Dorsal, ventral and lateral views of skull and mandible of the holotype of 

Rhipidomys ipukensis n. sp. (male, MN 73741). 

 

The skull varies from small and more delicate in younger specimens to medium-

sized and more robust in older specimens. The rostrum is moderately long and 

zygomatic notches are relatively shallow, although visible in dorsal view (Fig. 2.14). 

The interorbital region converges anteriorly and has beaded supraorbital margins. The 

braincase is large and rounded. The zygomatic plate is broad and its posterior margin 

is anterior to the alveolus of M1. The alisphenoid strut is present and the 

subsquamosal foramen is small, almost occluded by the long hamular process. It has 

the pattern 3 of carotid circulation (sensu Voss 1988) with small stapedial foramen, no 

squamosal-alisphenoid groove and no sphenofrontal foramen. The palatal bridge is 

short and wide, and the incisive foramen is bullet-shaped and its margins are parallel to 

each other posteriorly, reaching the anterior edge of M1. The mesopterigoyd fossa is 

M-shaped and extends to the mid-line of the last molars. Posterior palatal pits are a 

simple and small perforation present on each side of the mesopterigoyd fossa or, in 

some specimens, two small perforations on one side of mesopterigoyd fossa. 

Sphenopalatine vacuities are either present as small slits, or absent if the 

mesopterigoyd roof is completely ossified. Bullae are small. Upper incisors are 

opisthodont. M1 has labial accessory root, and m1 has labial and lingual accessory 

roots. Anterocone/conid of upper and lower molars are divided in two conules/lids by 

the anteromedian flexus/flexid. Oblique paralophules are present in all upper molars 

and are relatively reduced in size, and the posterior part of M3 is reduced. The mental 
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foramen opens laterally on the body of mandible and the capsular process of lower 

incisor alveolus is well developed as a conspicuous swelling. 

COMPARISONS: This species is similar to sympatric Oecomys species, but its distinct 

tufted tail and dark patch on the hind feet allow recognition of these two cricetid genera 

in the field. When compared to congeners, R. ipukensis n. sp. is intermediate in size 

relative to R. emiliae and R. nitela: it has smaller head-body and tail than the former 

and a slightly longer than the latter. Ears of R. ipukensis n. sp. are larger than those of 

R. emiliae and R. nitela (Table 2.3). The dorsal coloration is also distinct from 

specimens of R. nitela from the Guianas, which are more reddish. Specimens of R. 

emiliae have grayish dorsal pelages and R. ipukensis n. sp. is more yellowish to 

orangish gray-brown.  

 

 
FIGURE 2.15 Detailed views of incisive foramen (left), mesopterigoyd fossa (middle) and 

subsquamosal foramen (right) of Rhipidomys ipukensis n. sp. (a: MN 73741) and Rhipidomys 

emiliae (b: DPO 10). 

 

Our series of R. ipukensis n. sp. was compared to seven specimens of R. 

emiliae from Serra do Carajás, state of Pará, Brazil, and despite sharing almost all 

cranial characteristics, some characters allow the distinction between these two 

species. The skull of R. emiliae is larger than R. ipukensis n. sp. for specimens of the 

same dental age class; the subsquamosal foramen is larger in R. emiliae, while in R. 

ipukensis n. sp. it is almost occluded by the hamular process; the incisive foramen of 

R. emiliae is elliptical in shape, and broader in the median part, contrasting to a more 

parallel-sided incisive foramen of R. ipukensis n. sp.; the mesopterigoyd fossa of R. 

emiliae is broader anteriorly (Fig. 2.15). We also compared the skull of R. ipukensis n. 

sp. to eleven specimens of R. nitela from Guyana and French Guiana. The main 
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distinctions between these two species are the smaller size, the teardrop-shaped 

incisive foramen, and the anteriorly broader mesopterigoyd fossa of R. nitela. When R. 

ipukensis n. sp. was compared to R. macrurus, which is also found in central Brazil, the 

main distinctions are the hourglass-shaped interorbital region and the anteriorly 

converging teardrop-shaped incisive foramen of the latter (Costa et al., in press). 

Geographic limits of these two species are not clear yet, and it is possible that they 

overlap in central Brazil, but our phylogenetic analyses reveal that these are clearly two 

distinct species, with an average genetic divergence of 11.3% between them (Fig. 

2.13). 

REMARKS: R. ipukensis n. sp. can be allocated to the leucodactylus section (sensu 

Tribe 1996) by its pattern of cariotid circulation and also by its phylogenetically 

proximity to R. emiliae, which is currently classified within this group. 

MEASUREMENTS (n = 22): HB = 99–141, T = 113–165, HF = 24–28, E = 19–23, W = 

35–103. For cranial measurements, see table 2.3. 

DISTRIBUTION: This species is known from only two localities 300 km apart, in the state 

of Tocantins: Fazenda Lago Verde (type locality) and Rio Santa Teresa, near Peixe 

(Table 2.1). Rhipidomys ipukensis n. sp. is probably endemic to the Araguaia-

Tocantins basin in the Cerrado of central Brazil, but more samples are needed to clarify 

its geographical distribution. 

NATURAL HISTORY: Twenty-two individuals were captured in traps placed both on the 

ground (n = 15) and in the understory (n = 7) in ipucas at FLV, and only two were 

captured at PEC, one of which was found dead inside a pipetrap (arboreal refuges 

used for colonization by tree frogs) and only its skull was identified. Twelve adult males 

had scrotal testes and two adult females were lactating in September 2008. 

ETYMOLOGY: The name derives from the Tupi indigenous term ipuka, meaning água 

que arrebenta in Portuguese (Houaiss & Villar 2001), which loosely translates into 

water spring. Locally, this name is applied to natural forest fragments, which are similar 

to semi-deciduous alluvial forests of Amazonia, and are located on the Araguaia basin 

floodplain (Martins et al. 2002, Martins et al. 2006). Specimens of Rhipidomys 

ipukensis n. sp. were collected mainly in these ipucas, which are very threatened by 

the rapid expansion of agriculture in the region.  

VOUCHERS (n = 9: 5♂ 2♀ 2?): MN 73741–73744, UFES 1448–1451 (see holotype and 

paratypes above). We identified an additional specimen of R. ipukensis n. sp. housed 

in the Mammal Collection at Universidade Federal de Minas Gerais, Belo Horizonte, 

Brazil (UFMG 2952), collected at Rio Santa Teresa, 20 km NW Peixe, Tocantins, 

Brazil, 11°50'34"S 48°38'08"W. 
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TABLE 2.3 External and cranial measurements of vouchers of Rhipidomys ipukensis n. sp. from 

the state of Tocantins, Brazil, Rhipidomys emiliae from the states of Mato Grosso and Pará, 

Brazil, and Rhipidomys nitela from Guyana and French Guiana. Mean, standard error (SE) and 

range are given in millimeters. 

 Rhipidomys ipukensis n. sp.  Rhipidomys emiliae  Rhipidomys nitela 
Measures Mean ± SE Range n  Mean ± SE Range n  Mean ± SE Range n 

HB 121 ±15.1 99–141 6  131 ±12 116–156 12  124.3 ±7.8 114–133 4 
T 140 ±18.9 113–165 5  155 ±10.9 143–175 12  147.5 ±9.7 139–159 4 

HF 25.5 ±1.38 24–27 6  28 ±1.87 26–31 12  24.5 ±0.6 24–25 4 
E 21.5 ±1.30 20–23 6  20 ±1.29 18–22 12  17.25 ±0.5 17–18 4 
W 66 ±24.1 40–103 6  64.5 ±13.3 50–87 12   63 1 
RL 9.57 ±0.8 8.4–10.55 7  9.9 ±0.75 8.8–11.29 14  9.41 ±0.53 8.45–10.06 11 
NL 10.92 ±0.9 9.41–12.09 7  11.15 ±0.83 9.8–12.48 14  10.02 ±0.75 8.66–11.06 11 
RB 6.40 ±0.51 5.62–7.04 7  6.0 ±0.31 5.68–6.57 14  5.84 ±0.38 5.34–6.69 11 
IOB 5.45 ±0.34 4.98–5.89 7  5.37 ±0.30 4.71–5.83 14  5.23 ±0.44 4.6–5.57 11 
ZB 18.09 ±1.1 16.47–19.53 7  17.35 ±1.22 16.1–19.22 13  15.92 ±1.05 14.49–17.39 10 

BCB 12.31 ±0.64 11.36–12.87 6  12.56 ±0.43 11.65–13.07 14  12.04 ±0.38 11.59–12.67 11 
ONL 33.7 ±2.51 29.86–36.22 6  33.5 ±1.8 31.44–36.86 14  30.86 ±1.37 28.83–32.92 11 
PL 15.61 ±0.79 14.28–16.66 7  15.44 ±0.95 14.43–17.04 13  14.16 ±0.73 13.06–15.24 11 

PPL 13.03 ±1.36 11.06–14.47 6  12.59 ±0.95 11.48–14.43 13  11.48 ±0.76 10.51–12.81 11 
BIT 2.33 ±0.13 2.14–2.5 7  2.05 ±0.16 1.74–2.32 14  1.86 ±0.17 1.56–2.06 11 
DL 8.99 ±0.74 7.94–10.01 7  8.64 ±0.57 7.9–9.81 14  8.06 ±0.42 7.37–8.63 11 
TFL 9.9 ±0.56 8.94–10.51 7  9.96 ±0.65 8.82–10.82 14  9.29 ±0.33 8.72–9.66 9 
PBL 5.24 ±0.3 4.79–5.63 7  4.97 ±0.40 4.18–5.48 13  4.82 ±0.41 4.2–5.63 11 
IFL 6.68 ±0.45 6.11–7.31 7  6.83 ±0.48 6.1–7.67 14  6.25 ±0.41 5.7–6.99 11 
IFB 2.87 ±0.26 2.53–3.14 7  2.52 ±0.38 1.92–3.2 13  2.36 ±0.12 2.21–2.53 11 
M1B 1.33 ±0.07 1.23–1.41 7  1.34 ±0.08 1.23–1.47 14  1.2 ±0.04 1.15–1.27 11 
PB1 3.57 ±0.3 3.15–3.99 7  3.27 ±0.19 3.07–3.64 13  2.89 ±0.24 2.61–3.26 11 
PB3 3.91 ±0.26 3.66–4.4 7  3.88 ±0.21 3.63–4.29 13  3.52 ±0.22 3.01–3.78 11 
MFB 2.03 ±0.13 1.99–2.2 7  2.38 ±0.19 2.09–2.8 13  2.11 ±0.25 1.7–2.48 10 
BW 3.73 ±0.13 3.62–3.99 6  3.40 ±0.57 2.71–4.18 13  3.20 ±0.42 2.58–3.86 11 
BL 4.06 ±0.07 3.99–4.17 6  3.99 ±0.15 3.68–4.25 13  3.81 ±0.22 3.36–4.14 11 
RH 6.55 ±0.59 5.63–7.35 7  6.43 ±0.46 5.62–7.31 14  5.9 ±0.3 5.35–6.3 11 
SH 9.54 ±0.42 8.96–10.07 7  9.4 ±0.42 8.78–10.09 14  8.77 ±0.42 8.16–9.56 11 

MRC 4.79 ±0.20 4.55–5.01 7  4.87 ±0.15 4.50–5.14 14  4.39 ±0.13 4.16–4.57 11 
ZPL 2.96 ±0.33 2.47–3.51 7  2.71 ±0.22 2.26–3.02 14  2.31 ±0.09 2.1–2.38 11 
GLM 17.03 ±1.18 15.05–18.79 7  17.29 ±0.97 16.18–18.78 14  16.35 ±0.8 15.45–17.75 11 
MMR 5.04 ±0.19 4.8–5.32 7  5.04 ±0.18 4.85–5.43 14  4.69 ±0.14 4.47–4.92 11 
DR 3.83 ±0.19 3.48–4.03 7  3.73 ±0.17 3.48–3.92 14  3.41 ±0.13 3.3–3.71 11 

 

 

ECHIMYIDAE Gray 

Makalata didelphoides (Desmarest) 

IDENTIFICATION: This arboreal spiny rat has a distinct reddish orange nose and small 

rounded ears covered by thin hairs. The dorsal pelage is yellowish brown streaked with 

black, the fur is a mixture of thin bristles and stiff spines with orangish yellow tips; 

ventral pelage is pale orange with a mixture of gray hairs. The tail is shorter than the 

head and body length, furred up to 20–30 mm from the base with orange hairs and 

covered by small light yellow hairs. Hind feet are short and broad, bearing strong 

claws. 

Craniodental characters (Fig. 2.16) agree with the diagnosis given by Patton et 

al. (2000). The rostrum is relatively short and broader anteriorly; the interorbital region 

is broad, convergent anteriorly, and has supraorbital crests that extend onto parietals. 

The incisive foramen is small and flanked by small ridges that extend to the narrow 

palate. The mesopterygoid fossa extends to the posterior half of M2. Emmons (1993) 
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reported that tooth-fold pattern varies within and between populations of M. 

didelphoides. Specimens collected along the mid-Araguaia River have three folds 

opening labially, isolating four lophs. The second fold on every cheek-teeth entirely 

connects both labial and lingual sides.  

 

 
FIGURE 2.16 Dorsal, ventral and lateral views of skull and mandible of Makalata didelphoides 

(male, UFES1387). 

 

MEASUREMENTS (n = 16): HB = 150–250, T = 158–235, HF = 31–45, E = 14–20, W = 

125–360. 

DISTRIBUTION: This species occurs from north Ecuador to Colombia, Venezuela, 

Trinidad and Tobago, Guianas and on the eastern Amazon basin of Brazil (Patton et al. 

2000, Woods & Kilpatrick 2005). 

NATURAL HISTORY: Thirteen individuals (seven males and six females) of M. 

didelphoides were captured on the ground (n = 11) and in the understory (n = 2) of 

flooded and upland forests at PEC, and two males and one female were captured in 

the understory of ipucas at FLV. In July 2007, one female had one near-term embryo.   

VOUCHERS (n = 8: 4♂ 3♀ 1?): UFES 1382–1387, 1443–1444. 

 

Proechimys roberti Thomas 

IDENTIFICATION: This terrestrial spiny rat has a moderate-sized body and the tail is 

shorter than head and body. The dorsal pelage is reddish brown with a mixture of stiff 

and soft fur and the spines are relatively narrow. Ventral pelage is white. Juveniles 

have completely dark gray dorsal pelages, and one adult specimen (UFES 1388) had a 

pale buff colored dorsum and whitish tail and ears. Ears are grayish brown and 
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distinctly larger than those of similar genera encountered in the area. The tail is 

bicolored and covered by thin hairs. Hind feet are narrow and elongate.  

Specimens from our Proechimys roberti series (Fig. 2.17) agree in craniodental 

characters with the descriptions given by Patton (1987) and Weksler et al. (2001). The 

rostrum is tapered and the temporal region has no ridges. The floor of the infraorbital 

foramen is flat without nerve canal. The incisive foramen is oval or constricted 

posteriorly, and the palate is either flat or with small median ridges. The mesopterygoid 

fossa varies from pattern 2 (sensu Patton 1987, extending to the posterior half of M3) 

to pattern 3 (sensu Patton 1987, extending to the anterior half of M3). The counterfold 

pattern is 3-3-3-3 on upper molars and 3-2-2-2 on lower molars. 

 

 
FIGURE 2.17 Dorsal, ventral and lateral views of skull and mandible of Proechimys roberti 

(female, UFES 1396). 

 

MEASUREMENTS (n = 46): HB = 185–255, T = 118–168, HF = 42–53, E = 19–27, W = 

165–411. 

DISTRIBUTION: This species occurs in the Cerrado of central Brazil and east Amazonia 

(Woods & Kilpatrick 2005). 

NATURAL HISTORY: Fifty-five individuals (43 adults and 12 juveniles) were captured in 

Tomahawk and Sherman traps placed on the ground of upland forests with dense 

undergrowth vegetation. All 18 adult males had scrotal testes and nine adult females 

were lactating in September 2006, June and October 2007, and September 2008. 

VOUCHERS (n = 21: 7♂ 14♀): UFES 1388–1405, 1445–1447. 
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Thrichomys sp. 

IDENTIFICATION: Thrichomys sp. was recently recognized as distinct from the described 

species of the genus based on karyotypic and phylogenetic analyses (Bonvicino et al. 

2002, Braggio & Bonvicino 2004). Our phylogenetic analyses allow us to assign the 

specimens collected from mid-Araguaia River basin to Thrichomys sp. of Braggio and 

Bonvicino (2004) (Fig. 2.18). Specimens of Thrichomys sp. from the states of Tocantins 

(UFES 1407 and RGR 353) and Goiás (MN 66132 and MN 50177, Braggio & 

Bonvicino 2004) form a monophyletic group (BPP = 0.99), with an average divergence 

of 2% among them. The clades of T. apereoides, T. pachyurus and T. inermis 

correspond to those of Braggio and Bonvicino (2004), but well-supported interspecific 

relationships are not recovered by our phylogenetic analyses.  

 

 
FIGURE 2.18 Bayesian tree of cyt-b haplotypes from specimens of Thrichomys, rooted using 

Trinomys and Makalata. Bayesian posterior probabilities are in bold and percentages are 

average Kimura two-parameter distances. 

 

Bezerra et al. (2009) provide brief comments on the external morphology of 

Thrichomys sp., but no craniodental characters have been published for this species. 

Externally, it has brown dorsal pelage streaked with black hairs and soft fur; body sides 

are lighter than the dorsum and there is no lateral line limiting the whitish gray ventral 
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pelage. Forehead is lighter than the dorsum and there are two white spots, one below 

and one above the eye. Ears are covered by white thin hairs and have a white spot at 

the base. The hairy tail is shorter than head and body and covered by dark hairs 

dorsally and white hairs ventrally. Fore and hind feet are whitish gray above and have 

dorsal dark marks on the metatarsi. Claws are covered by long ungual hairs.  

The skull of Thrichomys sp. is small and strongly built (Fig. 2.19). The rostrum is 

relatively short; the interorbital region converges anteriorly and has well developed 

supraorbital crests. The floor of the infraorbital foramen has a well developed lateral 

flange. The incisive foramen is broad and oval shaped; the palate is grooved and the 

mesopterygoid fossa is V-shaped extending to anterior edge of M3. Premolar and M3 

are smaller than M2 and M3. Upper molariforms have two labial and one lingual 

counterfolds; lower molars have the reverse pattern of the upper molars, and the lower 

premolar has one labial and three lingual counterfolds.  

MEASUREMENTS (n = 5): HB = 174–210, T = 121–145, HF = 40–44, E = 23–24, W = 

223–263.  

DISTRIBUTION: This species occurs throughout the Tocantins River basin, extending to 

the Paraná River basin in central Brazil (Braggio & Bonvicino 2004). 

NATURAL HISTORY: Five adult specimens (two males and three females) were captured 

on the ground in Tomahawk and Sherman traps. These captures occurred in a dry and 

open area of Cerrado with dense grasses (campo sujo) and several termite mounds. 

One female collected in May 2008 had two embryos. Two additional skulls of 

Thrichomys sp. were found inside a water reservoir.  

VOUCHERS (n = 6: 2♂ 2♀ 2?): UFES 1406–1411. 

 

 
FIGURE 2.19 Dorsal, ventral and lateral views of skull and mandible of Thrichomys sp. (male, 

UFES 1407). 
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2.4 – Discussion 

Several studies have shown the Amazonian rainforest influence in the Cerrado through 

the presence of gallery forests, which act as dispersal corridors for rainforest mammal 

species (Redford & Fonseca 1986, Nitikman & Mares 1987, Mares & Ernest 1995, 

Mares et al. 1986, Mares et al. 1989, Johnson et al. 1999, Costa 2003). However, very 

few studies were conducted in the long belt of ecotone between Amazonia and 

Cerrado (e.g. Bonvicino et al. 1996, Lacher & Alho 2001, Lambert et al. 2006, Bezerra 

et al. 2009). Our species list reveals typical Cerrado species, such as Calomys 

tocantinsi and Pseudoryzomys simplex, coexisting with gallery forest species, such as 

Marmosa murina and Hylaeamys megacephalus, and Amazonian species, such as 

Makalata didelphoides and Didelphis marsupialis. The overall small mammal species 

composition in transitional areas may undergo changes along its northeast-southwest 

axis in central Brazil, but the distribution pattern, in which species from the two biomes 

co-occur in ecotones, is corroborated by our study (see also Bonvicino et al. 1996, 

Lacher & Alho 2001, Bezerra et al. 2009).   

As pointed out by Lacher & Alho (2001), zones of broad contact between 

Cerrado and Amazonian forest harbour high species richness due to the integration of 

their respective vegetation and faunas. Bezerra et al. (2009) have reported low species 

richness of small mammals (13 species) from Parque Nacional do Araguaia (PNA), 

located on the Bananal Island in the Araguaia River, south of our study area. This zone 

is strongly influenced by seasonal flooding regime and authors suggest that the low 

species richness and endemism could be characteristic of the whole region. Our results 

show the opposite, since 22 species were captured at PEC and its surroundings (Table 

2.2). This value reaches Bezerra et al.’s (2009) estimate of species richness for the 

region, but our plot of cumulative number of species captured presents higher 

correlation with a linear than a log regression (asymptotic) (Fig. 2.3). This suggests that 

species number is expected to increase with additional sampling effort in the region. 

We believe that the low success of Bezerra et al. (2009) is the result of a lower trapping 

effort (2,259 live trap-nights and 3,200 pitfall trap-nights) during a short period (15 

days), compared to our more extensive effort (20,482 live trap-nights and 11,592 pitfall 

traps-nights) during a longer sampling period (total of 112 days throughout the year), 

thus illustrating the need of long term faunal assessments in Neotropical areas (Voss & 

Emmons 1996).  

 The Araguaia and Paraná drainages were pointed out as subareas of bird 

endemism within the Cerrado (Silva & Bates 2002). Palma (2002) showed that small 

mammal communities differ among river basins within the Cerrado. The same author 

reported a greater number of species, especially marsupials, from the Tocantins River 
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basin when compared to the Paraná and São Francisco River basin communities, the 

latter two basins being very similar in their species compositions. The Araguaia River 

basin shares most of the marsupial species with the Tocantins River basin, and four 

rodent species endemic to the Cerrado (Calomys tocantinsi, Oecomys sp., Rhipidomys 

ipukensis n. sp. and Thrichomys sp.) were found in these two basins. The only possible 

Araguaia basin endemic is Oligoryzomys sp., but we are not certain about its 

taxonomic status. Therefore, our data support the conclusion of Bezerra et al. (2009) 

that areas of endemism for small mammals in the Cerrado might have a different 

organization than those based on bird distributions proposed by Silva and Bates 

(2002).  

Our results confirm the increasing level of endemism of small mammals in the 

Cerrado (Bonvicino et al. 2005), with the description of a new species (R. ipukensis n. 

sp.), adding to the list of the 18 Cerrado endemic mammals (Marinho-Filho et al. 2002). 

Rhipidomys ipukensis n. sp., Calomys tocantinsi, Oecomys sp., Oligoryzomys sp. and 

Thrichomys sp. represent five records of endemic species restricted to the northern 

portion of Cerrado, corroborating the idea that the alleged lack of endemics in this 

region of Cerrado was due to the greater concentration of studies in the south-central 

region (Marinho-Filho et al. 2002). 

The mid-Araguaia and Coco River basins were considered priority areas for 

conservation of Cerrado biodiversity (Cavalcanti & Joly 2002). Parque Estadual do 

Cantão is one of the most important protected areas in this region, which, together with 

APA Ilha do Bananal/Cantão, harbor a patchy environment of alluvial forest and 

Cerrado physiognomies with high diversity of flora and high species richness of birds 

(Ratter et al. 2003, Pinheiro & Dornas 2009). This area is located in the the Brazilian 

“arch of deforestation”, a region with intensive land-use and high rate of deforestation 

(Morton et al. 2006). The preservation of these ecosystems depends on the 

maintenance of these protected areas and the creation of new ones, especially in the 

Araguaia floodplain at the municipality of Lagoa da Confusão, where several ipucas are 

found (Martins et al. 2002, Martins et al. 2006, Pinheiro & Dornas 2009). Our molecular 

analyses also reveal the probable role played by the Araguaia River in separating the 

allopatric sister-species Rhipidomys emiliae and R. ipukensis n. sp. Although sampled 

localities do not match exactly to opposite river banks, the phylogeographic results are 

concordant with the prediction of a riverine model of speciation in which haplotypes on 

opposite sides of the river are reciprocally monophyletic (Antonelli et al. 2010, Moritz et 

al. 2000). Rhipidomys emiliae is composed of haplotypes from the western side of the 

Araguaia River in the state of Mato Grosso, which group with haplotypes from Serra 

dos Carajás and Xingu River, almost 700 km to the northwest in the state of Pará. 
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Rhipidomys ipukensis n. sp. corresponds to haplotypes from PEC and FLV on the 

eastern bank of the Araguaia River, which group with one haplotype from Peixe, 300 

km to the southeast in the state of Tocantins.  

Ayres and Clutton-Brock (1992) suggested that primate species distribution 

limits support the riverine barrier hypothesis, although rivers do not appear to be an 

effective barrier for small mammals in Amazonia (Da Silva & Patton 1998, Gascon et 

al. 2000, Patton et al. 1994, Patton et al. 2000). Patton et al. (2000) suggested that the 

extensive sharing of the same haplotypes across the Juruá River might be related with 

the meander dynamics of this river. The Araguaia River, on the other hand, is classified 

as an anabranching river, consisting of multiple channels separated by vegetated semi-

permanent alluvial islands, with low sinuosities (Latrubesse 2008), which may have 

acted as an effective barrier to species of Rhipidomys. 

 

 

2.5 – Conclusion 

In the present paper we reported 22 species of small non-volant mammals from the 

mid-Araguaia River in central Brazil. Among them, we described a new species of 

Rhipidomys, and reported an undescribed species of Thrichomys and a potentially new 

form of Oligoryzomys, which represent more than 10% of our species list. This pattern 

illustrates the fast pace of new mammal species discoveries in the Neotropics 

(Patterson 2000). Recent mammal inventories, with proper collection of voucher 

specimens, have triggered the description of several new species and revisions of 

poorly known taxa (e.g., Patton et al. 2000, Voss et al. 2001). Intensive fieldwork in the 

Neotropics will keep furnishing museums and mammalogists with precious material for 

systematic work for many decades to come. 
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Cover figure: Oecomys cleberi  (photo by Eduardo Ferreira). 



Chapter 3 

71 

Abstract 

The arboreal rat Oecomys cleberi was described in 1981 based on one specimen from 

Distrito Federal, central Brazil. This species has not been recorded ever since, and its 

taxonomic and conservation status are questionable. Herein we present data on 

morphological variation and molecular analyses of two mitochondrial markers 

(cytochrome-b and control region) that allowed us to confirm the taxonomic status of O. 

cleberi as a valid species, and to increase our knowledge on its geographic distribution 

in central Brazil, with the northernmost record at the Xingu River, state of Pará. 

Oecomys cleberi may be more common than previously suspected, especially 

considering that several field and museum records of O. cleberi may have been 

misidentified given the broad range of intraspecific morphological variation identified 

and the singularity of the holotype. Our results also revealed that O. cleberi is a 

geographically structured species showing isolation by distance. The mid-Araguaia 

River does not seem to be an important barrier in structuring populations of this 

species, and the semi-permanent islands probably act as important stepping-stones to 

gene flow across the river.  

Key words : control region, cytochrome-b, morphological variation, taxonomic status 

 

Resumo 

O rato arborícola Oecomys cleberi foi descrito em 1981 com base em um espécime 

coletado no Distrito Federal, Brasil central. Desde então, nenhum outro registro desta 

espécie foi feito, e os seus estados taxonômico e de conservação são questionáveis. 

Nós apresentamos dados de variação morfológica e análises moleculares de dois 

marcadores mitocondriais (citocromo-b e região controle) que nos permitiram confirmar 

o estado taxonômico de O. cleberi como espécie válida, e aumentar o nosso 

conhecimentos relativamente à sua distribuição geográfica no Brasil central, com o seu 

registro mais a norte no Rio Xingu, estado do Pará. Oecomys cleberi pode ser mais 

comum do que anteriormente suposto, especialmente considerando que vários 

registos de campo e de museu de O. cleberi podem estar identificados erroneamente, 

dada a grande amplitude de variação morfológica identificada e a peculiaridade do 

holótipo. Os nossos resultados também mostraram que O. cleberi é uma espécie 

estruturada geograficamente revelando isolamento por distância. O médio-Araguaia 

não parece ser uma importante barreira na estruturação de populações desta espécie, 

e as ilhas semi-permanentes provavelmente actuam como importantes “stepping 

stones” para o fluxo genético ao longo do rio.  
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3.1 – Introduction 

The arboreal rats of the genus Oecomys Thomas 1906 are small to medium sized 

species with nocturnal habits, found in all forest layers, including the ground, but are 

commonly trapped in dense viny vegetation (Emmons & Feer, 1997; Patton et al., 

2000). The genus Oecomys is distributed from Central to South America (Emmons & 

Feer, 1997; Musser & Carleton, 2005), and was originally described as a sub-genus of 

Oryzomys (Thomas, 1906). In 1960, Hershkovitz revised the then sub-genus Oecomys 

and merged 25 scientific names into only two species: the larger O. concolor (Wagner, 

1845), with five subspecies, and the smaller O. bicolor (Tomes, 1860), with 4 

subspecies. Recent works treated Oecomys as full genus and confirmed its 

monophyletic status within the oryzomyine genera (Smith & Patton, 1999; Weksler, 

2003; 2006). 

 Fifteen species of Oecomys were recognized in the most recent taxonomic 

compendium of mammals of the world (Musser & Carleton, 2005). Four species are 

known from central Brazil: O. bicolor (Tomes, 1860), O. cleberi Locks, 1981, O. 

paricola (Thomas, 1904) and O. roberti (Thomas, 1904) (Marinho-Filho et al., 2002; 

Alho, 2005; Musser & Carleton, 2005; Rocha et al., 2011), but the taxonomic 

knowledge of these species is still very sparse, and some, like O. bicolor, are 

undoubtedly composite (Musser & Carleton, 2005). 

Oecomys cleberi was described by Locks (1981) based on one specimen 

collected in 1978 at Fazenda Água Limpa, Distrito Federal, in central Brazil. There are 

no further records of this species, and it was firstly classified as Endangered by the 

IUCN Red List (Musser & Carleton, 2005), but later transferred to Data Deficient, since 

further taxonomic research was needed to better evaluate its status (Costa et al., 

2008). 

 During an inventory of small mammals in an ecotonal area between Cerrado 

and Amazonia in the mid-Araguaia River, central Brazil, conducted from June 2007 to 

November 2008 (Rocha et al., 2011), we found one specimen of Oecomys with very 

short and broad rostrum and a rounded braincase, features consistent with the 

diagnosis of the holotype and only known specimen of O. cleberi (Locks, 1981). 

Phylogenetic analyses of mitochondrial DNA sequences placed this specimen in a 

monophyletic cluster of specimens exhibiting high levels of intrapopulational 

morphological variation (Rocha et al., 2011). In this paper, we discuss the taxonomic 

status of O. cleberi; present data on morphological variation and molecular diversity of 

two mitochondrial markers (cytochrome b [cyt-b] and control region [d-loop]) for a 

series of specimens from the mid-Araguaia River basin; and amplify geographic 
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distribution of O. cleberi based on new collections. We also evaluate the potential role 

of the Araguaia River in structuring populations of this species. 

 

 

3.2 – Material and Methods 

3.2.1 – Morphological Analyses  

We examined 34 Oecomys specimens (13 juveniles and 21 adults) from an ecotonal 

area between Cerrado and Amazonia in the mid-Araguaia River, central Brazil, and the 

holotype of O. cleberi deposited at Museu Nacional, Universidade Federal do Rio de 

Janeiro (see appendix I). All specimens were classified into five toothwear age classes 

(TWC 1 through TWC 5) defined by Voss (1991) for Zygodontomys (Fig. 3.1). 

Measurements and statistical comparisons were based on adult specimens only 

(TWC3 through TWC5). Five external measurements were recorded: head-body length 

(HB), tail length (T), hind foot length (HF), internal length of the ear (E) and weight (W). 

The 16 cranial and dental measurements were taken following Musser et al. (1998): 

occipitonasal length (ONL), greatest zygomatic breadth (ZB), interorbital breadth (IB), 

rostrum length (LR), rostrum breadth (BR), lambdoidal breadth (LB), braincase height 

(HBC), zygomatic plate breadth (BZP), diastema length (LD), bony palate length (LBP), 

breadth of bony palate across first upper molars (BBP), postpalatal length (PPL), 

incisive foramina length (LIF), incisive foramina breadth (BIF), crown length of maxillary 

toothrow (CLM1-3) and first upper molar breadth (BM1).  

 

 
Figure  3.1 Examples of toothwear age classes (TWC) of Oecomys cleberi. From left, TWC 1, 

M3 not fully erupted; TWC 2, M3 fully erupted but with no to slight wear; TWC 3, M3 well worn 

and limited to moderate wear on M1 and M2; TWC 4, M3 flat and M1 and M2 well worn but 

cusps and flexi still visible; TWC 5, all three molars flat with most of its surface features 

obliterated. 

 

 Mean, range and standard deviation of external and cranial measurements are 

given for two of the three species captured in the ecotonal area (O. cleberi and O. 

paricola). The third species captured in this area (O. roberti) is represented by only one 
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skull of a young female (TWC 2). Mean external and cranial measurements of O. 

cleberi and O. paricola from our work, and O. bicolor and O. roberti from Carleton et al. 

(2009) were transformed to logarithms (log10), and the differences of the log10 values of 

the three Oecomys species were compared to O. cleberi in a ratio diagram. 

 

3.2.2 – Molecular Analyses  

DNA was extracted from liver and ear tissue samples preserved in ethanol using the 

salt-extraction method (Bruford et al., 1992). Cyt-b and d-loop were amplified by 

polymerase chain reaction using the primers MVZ05 and MVZ16 (Smith & Patton, 

1993), and L0 (Douzery and Randi, 1997) and E3 (Huchon et al., 1999), respectively. 

Amplifications were performed with the following PCR profile for cyt-b: initial 

denaturation at 94ºC for 5 min, followed by 39 cycles with denaturation at 94ºC for 30 

s, annealing at 48ºC for 45 s, polymerization at 72ºC for 45 s, and a final extension at 

72ºC for 5 min. For d-loop, the PCR profile used was: initial denaturation at 94ºC for 2 

min, followed by 35 cycles with denaturation at 94ºC for 30 s, annealing at 54ºC for 90 

s, polymerization at 68ºC for 1 min, and a final extension at 72ºC for 10 min. 

Mitochondrial fragments were sequenced using an automatic sequencer ABI 3130-XL 

(Perkin Elmer, Applied Biosystems, Foster City, California). 

Sequence alignment was performed using CLUSTALW algorithm implemented 

in MEGA version 4 (Tamura et al., 2007), with posterior manual edition. We also used 

sequences that were kindly made available by J.L. Patton. Pairwise sequence 

divergence (%) was obtained using the Kimura 2-parameter model (Kimura, 1980) 

implemented in MEGA. Measures of population genetic indices of haplotype (h) and 

nucleotide (π) diversity (Nei, 1987) were estimated from cyt-b, d-loop and 

concatenated data using DnaSP software (Librado & Rozas, 2009). Median-joining 

(MJ) networks were produced using NETWORK software (Bandelt et al., 1999). Only 

variable nucleotide sites were included in MJ analyses. As we wanted to test if the river 

has a significant role in population structuring for this species, three subpopulations 

were previously defined, based on a geographical criterion: one from each bank of the 

Araguaia River and other from the islands of the river. The western bank subpopulation 

consist on samples from Santana do Araguaia, state of Pará, the eastern bank 

subpopulation consist on samples from Pium and Lagoa da Confusão, state of 

Tocantins, and the islands subpopulation of the Araguaia River consist on samples 

from islands that are also located in Pium, state of Tocantins (Fig. 3.2). For cyt-b 

analysis, as we have data from distant localities, we defined two additional 

subpopulations, one from the Xingu River, at 52 km SSW Altamira, state of Pará, and 

another from the Tocantins River, at Palmas and Peixe, state of Tocantins (Fig. 3.2). 
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Figure  3.2 Map showing collecting localities of Oecomys cleberi along Xingu, Araguaia and 

Tocantins Rivers in central Brazil. Altamira is located in the Amazonia; Santana do Araguaia 

and Pium are located in the transition between Amazonia and Cerrado; and Lagoa da 

Confusão, Palmas, Peixe and Brasília are located in the Cerrado. All localities except Brasília 

were sampled for molecular analyses. The dotted polygons represented in the map correspond 

to haplogroups obtained with molecular analyses. 

 

 

3.3 – Results 

3.3.1 – Morphological Data 

Emended diagnosis – Oecomys cleberi is a small to medium-sized species (HB = 90–

125 mm) with relatively long tail, about 105-132% of the head and body length. The 

rostrum varies from very short and broad to moderately short (Fig. 3.3) and the 

zygomatic plate is broad. The incisive foramen is oval or teardrop-shaped, posterior 

palatal pits are present, often divided and sometimes recessed in shallow depression, 

and the alisphenoid strut is usually absent. It shows pattern 1 of carotid circulation 

(sensu Voss, 1988) in which the stapedial foramen and posterior opening of 

alisphenoid canal are large, and the squamosal-alisphenoid groove and sphenofrontal 
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foramen are present. The hamular process of squamosal is short and broad, and in 

some specimens occludes the subsquamosal foramen. Upper incisors are slightly 

opisthodont.  

 

 
Figure  3.3 Dorsal and ventral views of skulls showing the variation within Oecomys cleberi: a) 

holotype from Fazenda Água Limpa, Distrito Federal, Brazil (MN 24131 – TWC3, female); b) 

and c) specimens captured in the mid-Araguaia River basin, state of Tocantins, Brazil (UFES 

1353 – TWC4, female; and UFES 1437 – TWC3, female, respectively). Scale = 5 mm. 

 

Comparisons – This species is about the same size as O. paricola (Table 3.1) and O. 

bicolor, and smaller than O. roberti (Fig. 3.4) in terms of external body measurements. 

The tail and hind feet are intermediate in size between O. bicolor and O. roberti and 

longer than O. paricola. Ears are larger than the former two species and slightly smaller 

than the latter. The dorsal pelage is orangish brown like O. paricola, while O. roberti 
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has darker brown pelage. Juvenile pelage of O. cleberi is also darker brown and 

becomes orangish in the adults.  

 

Table  3.1 External and cranial measurements of vouchers of Oecomys cleberi and Oecomys 

paricola from the state of Tocantins, Brazil. Mean, standard deviation (SD) and range are given 

in millimeters, and n is the sample size. 

 Oecomys cleberi  Oecomys paricola 
Measures  Mean ± SD Range n  Mean ± SD Range n 

HB 108.5 ± 10.07 90–125 21  108.3 ± 7.5 102–117 4 
T 129.3 ± 13.5 105–150 21  116.8 ± 7.14 107–123 4 

HF 24.3 ± 1.57 21–26.5 21  23.8 ± 0.96 23–25 4 
E 17.3 ± 1.79 14–19 21  17.5 ± 0.58 17–18 4 
W 41.8 ± 9.43 22.6–56.65 21  39.67 ± 4.67 35.9–44.9 3 

ONL 29.74 ± 1.69 26.69–32.34 21  28.87 ± 0.4 28.49–29.29 4 
ZB 16.19 ± 0.80 14.54–17.49 21  14.94 ± 1.15 14.09–16.54 4 
IB 5.41 ± 0.39 4.49–6.17 21  5.09 ± 0.28 4.78–5.35 4 
LR 8.22 ± 0.76 6.88–9.08 21  7.80 ± 0.14 7.75–7.96 4 
BR 5.68 ± 0.46 4.66–6.32 21  5.05 ± 0.7 4.22–5.90 4 
LB 11.65 ± 0.48 10.79–12.95 21  11.00 ± 0.18 10.82–11.17 4 

HBC 8.85 ± 0.34 7.74–9.38 21  8.26 ± 0.66 7.4–8.85 4 
BZP 2.91 ± 0.26 2.44–3.35 21  2.45 ± 0.11 2.35–2.61 4 
LD 7.60 ± 0.60 6.48–8.76 21  7.53 ± 0.45 7.19–8.13 4 

LBP 6.00 ± 0.35 5.24–6.75 21  5.64 ± 0.13 5.5–5.77 4 
BBP 5.56 ± 0.21 5.18–5.87 21  5.16 ± 0.11 5.04–5.25 4 
PPL 10.35 ± 0.77 8.43–11.42 21  10.10 ± 0.61 9.18–10.44 4 
LIF 4.70 ± 0.36 4.04–5.27 21  4.36 ± 0.47 3.91–4.88 4 
BIF 2.45 ± 0.20 2.12–2.82 21  2.24 ± 0.15 2.08–2.42 4 

CLM1–3 4.55 ± 0.14 4.34–4.81 21  4.15 ± 0.11 4.05–4.25 4 
BM1 1.27 ± 0.04 1.19–1.33 21  1.18 ± 0.02 1.16–1.21 4 

 

Some putative diagnostic cranial characters of Oecomys species are variable in 

O. cleberi. The incisive foramen, which is teardrop-shaped in O. roberti and O. bicolor 

(Patton et al., 2000), is either teardrop or oval-shaped in O. cleberi. The very short and 

broad hamular process that occludes the squamosal foramen is a characteristic of O. 

bicolor (Patton et al., 2000), but this foramen is also totally occluded in some 

specimens of O. cleberi. The posterior palatal pits are small and undivided in O. bicolor 

and small and often divided in O. roberti (Patton et al., 2000). In O. cleberi, the 

posterior palatal pits are either small and undivided (n = 2), divided and not recessed in 

fossae (n = 15), or even divided and recessed in a shallow depression at least in one 

side of mesopterigoyd fossa (n = 3). The alisphenoid strut is absent in the holotype and 

all but two O. cleberi specimens that we analyzed. This observation contrasts with the 

presence of this structure, at least on one side of the skull, in 19 out of 22 specimens of 

O. bicolor, and in 13 out of 34 specimens of O. roberti from the Juruá River (Patton et 

al., 2000). In our vouchers of O. roberti (n = 2) and O. paricola (n = 6) from the mid-

Araguaia River, the alisphenoid strut is absent. The very short and broad rostrum, 

which is the most distinctive character of the holotype of O. cleberi (Locks, 1981), is 
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only present in one specimen collected in Parque Estadual do Cantão, the others (n = 

33) have a moderately short rostrum. Oecomys cleberi is smaller than O. roberti and 

larger than O. bicolor and O. paricola in almost all cranial measurements, with the 

exception of its distinctively broad zygomatic plate, which is the largest among these 

species (Fig. 3.4). 

 

 
Figure  3.4 Diagram of log10 transformed mean values of external and cranial measurements 

(see text for abbreviations and description) of four species of Oecomys that occur in central 

Brazil. Measurements of O. bicolor and O. roberti are from Carleton et al. (2009). 

 

3.3.2 – Molecular Data  

We used 55 cyt-b sequences of 801 bp from five O. cleberi subpopulations: one from 

the Xingu River, three from both banks and islands of the Araguaia River, and one from 

the Tocantins River (Table 3.2). We found 12 different haplotypes among these 

sequences, with relatively high haplotype diversity and low nucleotide diversity (Table 

3.3). Three main haplogroups were identified within our samples of O. cleberi (Fig. 3.2 

and 3.5a).  
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Table  3.2 Haplotype distribution for cyt-b, d-loop and concatenated data, and haplotype 

frequencies (in numbers of individuals) for each subpopulation of O. cleberi. 

Locus / 
    Haplotypes 

Subpopulations  
Xingu Western Araguaia Islands Eastern Araguaia Tocantins 

Cyt-b      
Hcy1     1 
Hcy2   3 3  
Hcy3  7 7 13  
Hcy4    6  
Hcy5    6 1 
Hcy6    1  
Hcy7    1  
Hcy8 2     
Hcy9 1     
Hcy10 1     
Hcy11    1  
Hcy12     1 

D-loop       
Hd1  1 5 6  
Hd2    1  
Hd3   2 4  
Hd4    4  
Hd5   1 2  
Hd6    5  
Hd7    1  
Hd8    1  

Concatenated       
Hco1  1 5 6  
Hco2    1  
Hco3   2 3  
Hco4    4  
Hco5    1  
Hco6    1  
Hco7    5  
Hco8    1  
Hco9    1  
Hco10   1 1  

 

One haplogroup corresponds to samples from the east bank of the Xingu River, 

which is represented by three exclusive haplotypes from 52 km SSW Altamira, state of 

Pará. The other two haplogroups are not defined by river basin, but they correspond to 

samples from northern and southern portions of the Araguaia and Tocantins River 

basins. The northern haplogroup of these two basins is represented by five exclusive 

haplotypes from Pium and Palmas, both in the state of Tocantins, and Santana do 

Araguaia, state of Pará. The southern haplogroup is represented by three exclusive 

haplotypes from Lagoa da Confusão and Peixe, both in the state of Tocantins. 

However, there is one haplotype from Lagoa da Confusão (Hcy6), in the southern 

Araguaia River basin, which groups with haplotypes from the north (Fig. 3.5a). The 

three subpopulations from the mid-Araguaia River, which are represented by the 

northern portion of this river, share the most frequent haplotype (Hcy3) (Table 3.2; Fig. 
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3.5a). The subpopulation from the eastern bank of the Araguaia River also shared a 

haplotype (Hcy2) with the island subpopulation, and another haplotype (Hcy5) with the 

Tocantins River subpopulation (Table 3.2; Fig. 3.5a). The ancestor of O. cleberi has not 

been sampled (Fig. 3.5a). The average K2p distance within O. cleberi calculated from 

cyt-b sequences is 0.4 ± 0.1% (Table 3.4). The most divergent specimens are those 

from the Xingu River, with an average K2p distance of 1.2 ± 0.3% and 1.6 ± 0.4% 

relatively to northern and southern haplogroups from the Araguaia and Tocantins 

Rivers, respectively. The two latter haplogroups show an average K2p distance of 1.1 ± 

0.3% among them. 

 

Table  3.3 Molecular diversity indices data for cyt-b, d-loop and concatenated data: number of 

individual sequences (n), haplotypes, polymorphic, singletons and parsimony informative sites, 

and haplotype (h) and nucleotide (π) diversity. 

Locus  n Haplotypes  Polymorphic  Singletons  Parsimony 
informative  

h Π 

Cyt-b 55 12 27 8 19 0.729  
± 0.056 

0.00554  
± 0.00074 

D-loop 33 8 14 3 11 0.811  
± 0.045 

0.01058  
± 0.00069 

Conc. 33 10 30 8 22 0.824  
± 0.048 

0.00697  
± 0.00066 

 

We obtained 33 d-loop sequences of 421 bp from the three subpopulations of 

the mid-Araguaia River (Table 3.2). These sequences comprised eight haplotypes of 

O. cleberi, one more than cyt-b haplotypes obtained from the same 33 specimens. D-

loop haplotype diversity, as well as nucleotide diversity (Table 3.3) were higher than 

those for cyt-b (h = 0.742 ± 0.059 and π = 0.00506 ± 0.00073, respectively). The MJ 

network built using d-loop sequences did not reveal haplogroups from the northern and 

southern portions of the mid-Araguaia River, instead the haplotypes from Lagoa da 

Confusão (Hd2 and Hd6) are derived from a haplotype from the northern mid-Araguaia 

River (Hd4) (Fig. 3.5b). The subpopulation from the eastern bank of the Araguaia River 

shared one haplotype (Hd1) with the western bank and island subpopulations, and 

shared two other haplotypes (Hd3 and Hd5) with the island subpopulation (Table 3.2; 

Fig. 3.5b). The average K2p distance within O. cleberi calculated from d-loop 

sequences is 1.1 ± 0.3% (Table 3.4), while the average cyt-b distance calculated from 

the same specimens is 0.5 ± 0.1%. The highest average d-loop genetic distance (2.4 ± 

0.7%) was between samples from Lagoa da Confusão (Hd2) and Pium (Hd5), both on 

the eastern bank of the Araguaia River, state of Tocantins. 
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Figure  3.5 Median joining network of a) Cyt-b (Hcy1–Hcy12); b) d-loop (Hd1–Hd8); and c) 

concatenated data (Hco1–Hco10). Numbers in connecting branches indicate nucleotide 

substitutions and the size of the circles are proportional to the number of individuals of a given 

haplotype (see Table 3.2). White corresponds to the subpopulation of the eastern bank of the 

Araguaia River, state of Tocantins, black to the subpopulation of the western bank of the 

Araguaia River, state of Pará, and gray to the subpopulation of the islands of the Araguaia 

River. For cyt-b MJ network light gray correspond to subpopulations of the Tocantins River, 

state of Tocantins and darker gray to subpopulation of the Xingu River, state of Pará. 

 

Concatenated data (cyt-b and d-loop) resulted in 33 sequences of 1222 sites, 

representing ten haplotypes, and showing high haplotype diversity and low nucleotide 
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diversity (Table 3.3). The two haplogroups from the northern and southern Araguaia 

River were also identified with the concatenated data, though haplotype Hc6, which is 

from Lagoa da Confusão, is derived from a haplotype from the northern group (Fig. 

3.5c). The same pattern of d-loop haplotype sharing is observed in concatenated data 

(Hco1 is shared by the 3 subpopulations, and Hco3 and Hco10 are shared by 

subpopulations on islands and the eastern bank of the river – Table 3.2, Fig. 3.5c). The 

average genetic distance within O. cleberi calculated from concatenated data is 0.7 ± 

0.1%. 

 

 

3.4 – Discussion 

The identification of Oecomys species in the field is very difficult (Emmons & Feer, 

1997) and distinction of O. cleberi from O. roberti or O. bicolor in areas of sympatry 

might be even more problematic due to the morphological variation in the former. Baker 

and Bradley (2006) pointed out the usefulness of distance values of protein-coding 

genes, such as the cytochrome-b, in distinguishing sister species of mammals. In a 

previous work, we have already demonstrated the monophyly of O. cleberi (formerly 

Oecomys sp. – Rocha et al., 2011) based on cyt-b data and the relatively high genetic 

distance between O. cleberi and its sister and sympatric species, O. roberti (Rocha et 

al., 2011). The very short and broad rostrum, which is the most distinctive feature of the 

O. cleberi holotype, was found in only one specimen in our series (UFES 1353), and 

we know of no other record of specimens showing this character state. Due to the low 

frequency of this character in our samples of mid-Araguaia River (2.9%), we believe 

that it represents a rare variant and this is therefore a poor diagnostic character of O. 

cleberi. Molecular analyses also revealed that this morphologically distinct specimen 

(UFES 1353) has unique haplotypes (Hcy11, Hd8, and Hco9), not shared by any other 

specimen. Nevertheless, the average genetic distance within O. cleberi was very low, 

when compared to interspecific distances (Table 3.4), reassuring the genetic cohesion 

among this morphologically heterogeneous species. 

 

Table  3.4 Intra and interspecific average genetic distances (using the Kimura 2-parameter 

model) of four species of Oecomys from central Brazil. 

Taxa\Locus   Cyt-b   D-loop  
n within species between  

O. cleberi 
n within species between  

O. cleberi 
O. cleberi 55 0.4 ± 0.1 - 33 1.1 ± 0.3 - 
O. bicolor 7 0.3 ± 0.1 8.0 ± 1.1 - - - 
O. roberti 8 0.3 ± 0.1 6.4 ± 0.9 5 1.0 ± 0.3 9.0 ± 1.4 
O. paricola 11 2.6 ± 0.4 11.6 ± 1.2 6 0.1 ± 0.1 18.5 ± 2.2 
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 Given the morphological variation observed among our samples and the 

similarities among several species of small Oecomys (e.g., Patton et al., 2000) we 

believe that specimens of O. cleberi from other areas in the Cerrado may have been 

misidentified during ecological studies in the field, or even in museum collections. 

Thus, by clarifying the taxonomic status and diagnostic characters of O. cleberi, with 

help from molecular data, we were able to expand its geographic distribution to the 

Xingu River, at 52 km SSW Altamira, state of Pará, currently the northernmost record 

of this species. The occurrence of this species was also confirmed in several localities 

between the type locality and Altamira, along the Tocantins and Araguaia River basins, 

in the states of Tocantins (Rio Santa Teresa, Peixe; Fazenda Velha, Palmas; Parque 

Estadual do Cantão, Pium; and Fazenda Lago Verde, Lagoa da Confusão) and Pará 

(Fazenda Santa Fé, Santana do Araguaia) (Fig. 3.2). The occurrence of O. cleberi 

throughout riparian forests within the Cerrado of central Brazil, extending to the 

transition region with Amazonia, may reflect some habitat specificity, since that at least 

the Araguaia River basin shows great floristic similarity to riparian forests in Distrito 

Federal (Martins et al., 2008). 

 Our phylogeographic analyses of cyt-b sequences revealed that O. cleberi is a 

geographically structured species. Haplotypes from the Xingu River are closely related 

among them and divergent from those of the Araguaia and Tocantins River basins. The 

split between these haplotypes is relatively shallow (< 2.0 %), which may reflect 

isolation by distance (Avise, 2009). Haplotypes from the Araguaia and Tocantins River 

basins are not related by basin. We clearly identify two groups of samples from the 

northern and southern portions of the species range within these basins, however there 

is overlapping geographical distribution of the two groups. Palynological analyses 

indicate that Lagoa da Confusão altered from periods of savanna vegetation to forest, 

and gallery forests were well represented during the moister and warmer period 

(Behling et al., 2010). Under this scenario, populations of O. cleberi from the northern 

and southern portions of the Araguaia and Tocantins basins would have been isolated 

during drier periods, and later expanded throughout gallery forests and formed 

secondary contact zones. Though, larger samples and further analyses are needed to 

clarify the fine-scale geographic structure at these two basins. 

 Subpopulations of O. cleberi in the mid-Araguaia River basin lack genetic 

structure, which could be the consequence of an extensive gene flow occurring along 

the river. Haplotype sharing on opposite banks of the mid-Araguaia River corroborates 

this view. Other studies also failed to demonstrate the role of riverine barriers in 

differentiating small mammal populations in Amazonia (e.g. da Silva & Patton, 1998; 

Gascon et al., 2000; Patton et al., 1994; 1996; 2000). The exceptions are a tamarin 
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(Saguinus fuscicollis) and two small rodents (Oecomys sp. and Proechimys 

echinothrix) in the Juruá River, which were genetically differentiated by river bank 

(Patton et al., 2000). 

The mid-Araguaia River is not an important geographic barrier in structuring O. 

cleberi populations, but it has already been shown that this river clearly separates two 

sister species of Rhipidomys (Rocha et al., 2011). Differences in the life history and 

ecology of co-distributed species may lead to the lack of congruence of population 

structure among species, as observed by Matocq et al. (2000) in two species of 

Amazonian spiny rats (Proechimys). However, little is known about the natural history 

of the two species that occur in the Araguaia River basin: one is a recently described 

species of Rhipidomys (Rocha et al., 2011), and the other was previously known only 

from to the holotype. The main difference that we encountered between these two 

arboreal rats is that O. cleberi is widely distributed along the alluvial forests on both 

banks of the mid-Araguaia River and occurs in the semi-permanent vegetated alluvial 

island characteristic of this river (Latrubesse, 2008), while Rhipidomys ipukensis was 

rare in the alluvial forests and has never been found on the islands (Rocha et al., 

2011). We believe that these islands are important stepping-stones facilitating gene 

flow between river banks, and indeed there are haplotypes of O. cleberi shared among 

populations of both banks of the river and the islands. High haplotype diversity and low 

nucleotide diversity observed in O. cleberi suggest a rapid expansion from a small 

effective population size (Eizirik et al., 2001; Steiner & Catzeflis, 2003). Matocq et al. 

(2000) suggested that várzea populations that experience seasonal floods causing 

demographic bottlenecks would maintain their haplotype diversity by a combination of a 

high reproductive potential of the species, which would allow the rapid annual 

expansion after the flooding, and an intermixing of the refugial populations that 

survived.  

Since we clarified the taxonomic status of O. cleberi and reported a broader 

geographic distribution, its conservation status must be carefully re-evaluated. The 

present paper shows that it may be more common than previously suspected, 

especially considering that several field and museum records of O. cleberi may have 

been misidentified given the broad range of intraspecific morphological variation 

identified and the singularity of the holotype. On the other hand, this species occurs 

mostly in the Cerrado biodiversity hotspot (Silva & Bates, 2002), a region with intensive 

land-use, high rates of deforestation and habitat loss. These results illustrate and 

highlight the major present and future threats to the conservation of small mammals in 

Brazil: the scarcity of basic knowledge, mostly about taxonomy, systematic, distribution 

and natural history (Costa et al., 2005). 
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Appendix  

Material examined – The vouchers and tissues of species of Oecomys examined for 

morphological or molecular analyses (or both) belong to the following collections: 

UFES = Coleção de Mamíferos da Universidade Federal do Espírito Santo, Vitória; 

UFMG = Coleção de Mamíferos da Universidade Federal de Minas Gerais, Belo 

Horizonte; MN = Museu Nacional, Universidade Federal do Rio de Janeiro; MVZ = 

Museum of Vertebrate Zoology, University of California, Berkeley; MBML = Museu de 

Biologia Professor Mello Leitão, Santa Teresa; MZUSP = Museu de Zoologia da 

Universidade de São Paulo, São Paulo; USNM = National Museum of Natural History, 

Smithsonian Institution, Washington D.C. Tissues with no voucher under the field 

catalogue numbers of Rita Gomes Rocha (RGR) are deposited at Coleção de Tecidos 

e DNA da Universidade Federal do Espírito Santo, Vitória (UFES-CTA). Symbols 

represent the specimens sequenced by us only for cyt-b (C), both cyt-b and d-loop (B), 

or sequenced by J.L. Patton or L.P. Costa for cyt-b and kindly shared to use in this 

work (S), and also specimens examined by us for morphology (M). 

Oecomys cleberi. – FEDERAL DISTRICT: Brasília, MN 24131M. STATE OF 

TOCANTINS: Pium, UFES 1339C,M, 1344C,M, 1340B,M – 1343B,M, 1345B,M – 1357B,M, 

1366B,M, 1430B,M – 1433B,M, 1435B,M, RGR 81C, 92C, 216C, 221C, 227C, 246C, 322C; 

Lagoa da Confusão, UFES 1358B,M – 1363B,M, 1437B,M; Palmas, MBML 2414C; Peixe, 

UFMG 2847S, MVZ 197511S. STATE OF PARÁ: Santana do Araguaia, UFES 1434C,M, 

1436B,M, RGR 234C, 305C, 306C, 315C, 337C; 52 km SSW Altamira, MZUSP 27131S, 

27132S, USMN 549541S. 

Oecomys paricola. – STATE OF TOCANTINS: Caseara, UFES 1365B,M; Pium, 

UFES 1366B,M, 1367B,M, 1368B,M, 1438A,M, 1439B,M, RGR 108B, 254B. STATE OF MATO 

GROSSO: Alta Foresta, UFMG 2841S, MVZ 197507S, 197508S. 

Oecomys roberti. – STATE OF PARÁ: Santana do Araguaia, UFES 1369B,M, 

1370B,M, RGR 235M, 320M, 321M. STATE OF MATO GROSSO: Poconé, UFMG 2845S; 

Chapada dos Guimarães, MVZ 197619S. 

Oecomys bicolor. – STATE OF MINAS GERAIS: Nova Ponte, UFMG 2799S. 

STATE OF MATO GROSSO: Barra do Garças, UFMG 2802S, 2804S, MVZ 197494S. 

STATE OF MATO GROSSO DO SUL: Dourados, UFMG 2817S, 2821S, MVZ 197500S. 
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Cover figure (from left to right): Caluromys philander, Didelphis marsupialis, 

Philander opossum canus, Marmosa murina. 
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Abstract 

Aim This study aims to investigate the geographical distribution of the genetic diversity 

of six didelphid marsupials (Didelphis albiventris, D. marsupialis, Philander opossum 

canus, Gracilinanus agilis, Marmosa murina and Micoureus demerarae) in central 

Brazil. Specifically, we aim to assess the potential role of the mid-Araguaia River in 

shaping genetic diversity within these species and document the phylogeographical 

affinities of central Brazilian forests with Amazonia and the Atlantic Forest. 

Location  Central Brazil. 

Methods The variation of two mitochondrial genes (cytochrome b and d-loop) was 

evaluated to assess the haplotype and nucleotide diversity of sampled populations 

from central Brazil. The relationships between haplotypes were assessed through 

Median Joining networks and Bayesian Inference to understand the patterns of 

geographical distribution of selected taxa of didelphid marsupials. The divergence time 

among lineages was estimated using the Bayesian relaxed clock. 

Results  Cytochrome b was informative in recovering most of the intraspecific 

relationships. Reliable d-loop sequences were not obtained for all the species, and the 

amplified d-loop fragment was more conserved than cyt-b. Our analyses revealed a 

strong phylogeographic structure in central Brazil. Didelphis albiventris and G. agilis 

revealed two haplogroups that might be concordant with a partition in the Cerrado 

biome. Didelphis marsupialis, D. albiventris and P. o. canus were characterized by an 

extensive intraspecific haplotype sharing across the mid-Araguaia River. Micoureus 

demerarae revealed ancestral relationships, indicating dispersal events from 

individuals of the western to the eastern riverbank, and also very divergent haplotypes 

were recorded to a single locality. Marmosa murina presented two reciprocally 

monophyletic clades on opposite riverbanks. 

Main conclusions Our results suggest an integral role for mid-Araguaia River, but also 

for vegetation shifts occurred during climatic cycles of Pleistocene and preceding 

periods, in shaping intraspecific genetic structure of didelphid marsupials from central 

Brazil. Therefore, models of diversification – e.g. refugia and riverine hypothesis – are 

not mutually exclusive, and no single model will explain the divergence in Neotropics. 

Phylogeographical patterns observed in central Brazil seem to support vicariant and 

dispersal events shaping the distribution of the didelphid species, though further 

investigation should be addressed to test diversification models in this area. 

 

Keywords central Brazil, climatic cycles, cytochrome b, control region, Didelphidae, 

ecotone between Cerrado and Amazonia, mid-Araguaia River, Pleistocene 
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4.1 – Introduction 

Central Brazilian forests are an essential part of the evolutionary history of lowland 

fauna, and have an important role as past and present habitats for rainforest species 

(Costa, 2003). Several studies have shown that gallery forest act as dispersal corridors 

for rainforest mammal species throughout the Cerrado (Redford & Fonseca, 1986; 

Mares et al., 1986; Nitikman & Mares, 1987; Mares et al., 1989; Mares & Ernest, 1995; 

Johnson et al., 1999; Costa, 2003).  

The Cerrado is a savanna-like ecosystem that occupies the central Brazilian 

plateau, which together with Caatinga form a corridor of open formations that contact 

Amazonia Rainforest in the northwest, Pantanal in the southwest and the Atlantic 

Forest in the east and southeast Brazil (Ackerly et al., 1989; Oliveira-Filho & Ratter, 

2002) (Fig. 4.1). The Araguaia River basin lies in the transitional area between Cerrado 

and Amazonia and it is mainly characterized by the presence of alluvial forests and 

floodplain grasslands that are strongly influenced by the seasonal river-flooding regime 

(Oliveira-Filho & Ratter, 2002). This river is also classified as an anabranching river, 

consisting of multiple channels separated by vegetated semi-permanent alluvial 

islands, with low sinuosities (Latrubesse, 2008). The Araguaia drainage, with its highly 

diverse flora, has been considered a priority area for conservation (Ratter et al., 1997; 

Cavalcanti & Joly, 2002; Ratter et al., 2003).  

The Araguaia River basin provides a remarkable area to test biogeographic 

diversification hypotheses such as the riverine barrier model, and to assess the 

phylogeographic affinities of an ecotonal area between Cerrado and Amazonia in 

central Brazil. Molecular data combined with geographical distribution information have 

been useful to understand the evolutionary history of species and to test explicit 

hypotheses of biogeographical events (e.g. Patton et al., 1994; Patton et al., 2000; 

Costa, 2003; Antonelli et al. 2010, Nicolas et al., 2011).  

Currently, 20 species of didelphid marsupials are known from central Brazil 

(Marinho-Filho et al., 2002; Alho, 2005; Bonvicino et al., 2005; Gardner, 2008), and 11 

species were reported from the ecotonal area between Cerrado and Amazonia (Lacher 

& Alho, 2001; Bezerra et al., 2009; Rocha et al., 2011). In this study we considered the 

six most common species of didelphid marsupials captured at the mid-Araguaia River 

basin (Rocha et al., 2011). Although these six species are widely distributed in lowland 

tropical South America (Emmons & Feer, 1997) and several studies focused on their 

phylogeographical structure (Patton et al., 2000; Costa, 2003; Costa et al., 2003; 

Patton & Costa, 2003; Steiner & Catzeflis, 2004), these authors also emphasized the 

critical need of additional fieldwork in the intermediate areas between Atlantic Forest 
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and Amazonia to help clarify species limits and to assess the affinities of central Brazil 

with the rainforest domains. 

Costa (2003) included for the first time samples from central Brazil in 

phylogeographic analyses of small mammals. In this work we increase the coverage 

from central Brazil, especially with samples from the ecotonal area between Cerrado 

and Amazonia forest along the mid-Araguaia River, but also including in the analysis 

samples from the Atlantic Forest and other regions in the Amazonia. We aim to cover 

the following specific topics: (1) Assess the genetic diversity in central Brazil, using 

sequences of two mitochondrial markers (cytochrome b [cyt-b] and control region [d-

loop]); (2) evaluate if the mid-Araguaia River had a significant role in structuring 

populations of didelphid marsupials; (3) and finally, investigate the phylogeographic 

affinities of central Brazilian forests regarding the two nearby rainforest domains, the 

Amazonia and the Atlantic Forest. 

  
Figure 4.1 Map of Brazilian Biomes. Acronyms in the map correspond to the following Brazilian 

states: AM: Amazónia, AL: Alagoas, BA: Bahia, CE: Ceará, DF: Distrito Federal, ES: Espírito 

Santo, GO: Goiás, MG: Minas Gerais, MS: Mato Grosso do Sul, MT: Mato Grosso, PA: Pará, 

TO: Tocantins, SP: São Paulo. 
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4.2 – Material and Methods 

This work focused on six didelphid marsupials: Didelphis albiventris (n = 18), Didelphis 

marsupialis (n = 47), Philander opossum canus (n = 56), Gracilinanus agilis (n = 77), 

Marmosa murina (n = 91) and Micoureus demerarae (n = 50).  

Samples were collected in many localities in the mid-Araguaia River basin 

(Rocha et al., 2011), and obtained via museum tissue collection or kindly shared by 

colleagues (see Table 4.1 and Appendix I for details on biological material used). 

Voucher specimens and tissue samples collected by authors from the mid-Araguaia 

River basin are deposited in the mammal and tissue collections at Universidade 

Federal do Espírito Santo (UFES), Vitória, Brazil. We also used unpublished 

sequences of marsupials from previous works of Patton et al. (2000), Costa (2003) and 

Patton & Costa (2003), and sequences obtained from GenBank. All sequences used in 

this study have been deposited in GenBank (Table 4.1).  

DNA was extracted from liver and ear tissue preserved in ethanol using salt-

extraction method (Bruford et al., 1992). Cytochrome b (cyt-b) and control region (d-

loop) were amplified by polymerase chain reaction using the primers MVZ05 and 

MVZ16 (Smith & Patton 1993), and L0 (Douzery & Randi, 1997) and E3 (Huchon et al., 

1999), respectively. Amplifications were performed with the following PCR profile for 

cyt-b: initial denaturation at 94 ºC (5 min), followed by 39 cycles with denaturation at 94 

ºC (30 s), annealing at 48 ºC (45 s), polymerization at 72 ºC (45 s), and a final 

extension at 72 ºC (5 min). For d-loop, the PCR profile used was: initial denaturation at 

94 ºC (2 min), followed by 28 to 30 cycles with denaturation at 94ºC (30 s), annealing 

ranging from 50 ºC to 60 ºC (90 s) depending on the species, polymerization at 68 ºC 

(1 min), and a final extension at 72ºC (10 min). Mitochondrial fragments were 

sequenced using an automatic sequencer ABI 3130-XL (Perkin Elmer, Applied 

Biosystems, Foster City, California), with the above-listed primers.  

Sequence alignment was performed using CLUSTALW algorithm implemented in 

MEGA V.4 (Tamura et al., 2007), with posterior manual edition. In order to assess intra 

and interspecific diversity, pairwise sequence divergence (%) was obtained using the 

Kimura 2-parameter (K2p) model (Kimura, 1980) implemented in MEGA. Haplotype (h) 

and nucleotide (π) diversities were estimated through DNASP software (Librado & 

Rozas, 2009) to assess the genetic diversity in central Brazil. To investigate 

phylogeographical affinities of central Brazil, relationships amongst haplotypes were 

estimated through Bayesian inference (BI) performed in the MRBAYES V.3.1.2 program 

(Ronquinst & Huelsenbeck, 2003). Only one individual per haplotype was used in 

posterior analyses. Sequences from close related species within each genus were also 

included in analyses. The prior best model of nucleotide substitution was selected in 
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MRMODELTEST (Nylander, 2004) and haplotype trees were sampled every 100 of 

10,000,000 generations until Markov chain became stationary. A 50% majority rule 

consensus tree was obtained after “burn-in” of 25% of the sample points to generate 

Bayesian posterior probabilities (BPP). In order to test if the mid-Araguaia River has a 

significant role in structuring populations of didelphid species, we used samples from 

central Brazil to produce median-joining (MJ) networks using NETWORK V.4.5.1.6 

software (Bandelt et al., 1999). Only variable nucleotide sites were included in MJ 

analyses. Haplotypes from each bank of the Araguaia River were marked with different 

colours (white to the eastern and black to the western bank) to illustrate the riverine 

barrier or evidence the haplotype sharing across the river. 

To estimate the divergence time among lineages (time to most recent common 

ancestor, tMRCA) we ran a single data set with 111 cyt-b sequences including haplotypes 

from all six species from this study (Table 4.1) and, in order to use multiple calibration 

points, we included other Didelphidae sequences obtained from GenBank (Caluromys 

lanatus – U34664; Chironects minimus – AJ628363; Lutreolina crassicaudata – 

AJ628364; Metachirus nudicaudatus – JF281094, this work; Monodelphis brevicaudata 

– AJ606456; Thylamys karimii – EF051700). The analyses were performed in BEAST 

1.5.2 (Drummond & Rambaut, 2007) using the Bayesian relaxed clock model and 

allowing the branch length to vary according to an uncorrelated lognormal distribution 

(Drummond et al., 2006). We used five calibration points calculated by Steiner et al. 

(2005): the separation between Caluromys and didelphinae marsupials at 39.8 ± 6.1 

Myr BP, Gracilinanus and Thylamys at 14.4 ± 2.5 Myr BP, Micoureus and Marmosa at 

14.3 ± 1.2 Myr BP, divergence between Didelphis, Philander and Lutreolina from 

Chironectes at 12.5 ± 1.8 Myr BP and Didelphis and Philander from Lutreolina at 9.7 ± 

1.5 Myr BP. We used the Yule process speciation model as tree prior and the GTR 

evolution model, plus a gamma distribution (G) and proportion of invariable sites (I). 

The data set was split in two partitions according to the codon position (1 + 2 and 3) 

allowed to evolve with unlinked rates. The Markov chains ran for 2 x 107 generations, 

and were sampled one time for each 103 generations, resulting in 2 x 104 trees. 
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Table 4.1  Haplotype code and frequency (n), voucher specimen and GenBank accession 

numbers for cyt-b sequences used in this study. Map localities are listed in Appendix I. 

Species  Haplotype  n Voucher 
specimen 

Map localities  GenBank  

D. albiventris HDa1 1 RGR 213* 39 JF 280983 
 HDa2 1 RGR 552* 36 JF 280984 
 HDa3 1 RGR 505* 41 JF 281003 
 HDa4 5 LPC 708* 42/49/52 JF 280985 
 HDa5 3 RGR 67* 37/39 JF 280986 
 HDa6 1 RGR 387* 39 JF 280987 
 HDa7 1 LPC 342* 63 JF 280988 
 HDa8 1 LPC 348* 64 JF 280989 
 HDa9 1 LPC 397* 49 JF 280990 
 - 1 AMNH 263967* 20 JF 280992 
 - 1 MAM 235 77 JF 280991 
 - 1 MSB 55832* 19 JF 280993 
D. aurita - 1 MAM 234* 79 JF 280995 
 - 1 MAM 238* 76 JF 280994 
D. imperfecta - 1 * 1 U 34667 
 - 1 T 1786* 9 AJ 487004 
D. marsupialis HDm1 1 RGR 75* 39 JF 280998 
 HDm2 20 LPC 719* 36/42 JF 281001 
 HDm3 2 RGR 366* 36 JF 281000 
 HDm4 15 RGR 386* 36/38/39 JF 280999 
 HDm5 4 RGR 28* 40 JF 281002 
 - 1 JUR 467* 26 JF 281004 
 - 1 JLP 15654* 31 JF 281005 
 - 1 JLP 15751* 29 JF 281006 
 - 1 MNFS 1190* 22 U 34665 
 - 1 * 16 AJ 606420 
D. virginiana - 1 RF 10*  HM 222715 
 - 1 FN 303000  JF 280996 
 - 1 FN 32516*  JF 280997 
P. o. canus HPh1 9 RGR 338 36/41 JF 281034 
 HPh2 1 RGR 319 36 JF 281035 
 HPh3 1 RGR 489 41 JF 281036 
 HPh4 1 RGR 215* 39 JF 281037 
 HPh5 11 RGR 172 40/41 JF 281038 
 HPh6 25 RGR 13 36/40/41 JF 281039 
 HPh7 4 RGR 31 36/37 JF 281040 
 HPh8 1 LPC 392 49 JF 281041 
 HPh9 1 LPC 584* 50 JF 281042 
 - 1 MNFS 1039 21 U 34678 
 - 1 JLP 15395* 32 JF 281026 
P. o. opossum - 1 T 1820 13 AJ 487009 
 - 1 V 871* 13 AJ 628367 
P. mcilhennyi - 1 MNFS 146* 28 U 34680 
 - 1 JLP 16057* 30 JF 281031 
P. andersoni - 1 YL 139* 25 JF 281033 
 - 1 JLP 6893* 15 JF 281025 
P. frenatus - 1 YL 181 67 JF 281032 
 - 1 MAM 183 72 JF 281027 
 - 1 MAM 189 69 JF 281028 
 - 1 MAM 208 68 JF 281029 
 - 1 LPC 876* 78 JF 281030 
 - 1 LPC 877* 78 GU 112939 
G. agilis HGa1 1 UHECO 4722* 44 HQ 622156 
 HGa2 1 RGR 427 41 JF 281021 
 HGa3 7 RGR 405* 41 JF 281012 
 HGa4 10 RGR 95* 40 JF 281013 
 HGa5 8 RGR 446 41 JF 281022 
 HGa6 4 RGR 482 41 JF 281023 
 HGa7 3 RGR 406* 41 JF 281011 
 HGa8 15 LPC 297* 64 JF 281008 
 HGa9 10 LPC 380* 63 JF 281007 
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Table 4.1 (continued) 

Species  Haplotype  n Voucher 
specimen 

Map localities  GenBank  

G. agilis HGa10 3 LPC 317 64 JF 281024 
 HGa11 1 LPC 476* 49 HQ 622160 
 HGa12 2 LPC 589* 50 JF 281009 
 HGa13 3 LPC 599* 51 HQ 622158 
 HGa14 1 RGR 426* 41 JF 281010 
 HGa15 1 UHESM 1759* 43 HQ 622161 
 HGa16 1 RGR 480* 41 JF 281014 
 - 1 LPC 283* 53 JF 281019 
 - 1 LPC 249* 53 JF 281016 
 - 1 LPC243* 53 JF 281018 
 - 1 LPC270* 53 JF 281015 
 - 1 LPC 251* 53 JF 281017 
 - 1 LPC 241* 55 HQ 622151 
G. aceramarcae - 1 LHE 1342* 17 HQ 622162 
G. microtarsus - 1 LPC 823* 74 JF 281020 
 - 1 MAM 395* 75 HQ 622169 
M. murina HMa1 1 RGR 363* 37 JF 281044 
 HMa2 1 RGR 177* 40 JF 281050 
 HMa3 2 RGR 161 40 JF 281067 
 HMa4 10 RGR 17* 40 JF 281045 
 HMa5 1 RGR 388* 36 JF 281054 
 HMa6 13 RGR 258* 40 JF 281046 
 HMa7 6 RGR 555* 36 JF 281047 
 HMa8 1 RGR 470* 36 JF 281052 
 HMa9 3 LPC 399* 49 JF 281056 
 HMa10 4 LPC 404* 48 JF 281057 
 HMa11 12 LPC 432* 49 JF 281058 
 HMa12 1 LPC 482* 48 JF 281055 
 HMa13 2 LPC 542* 45 JF 281059 
 HMa14 6 LPC 715* 42 JF 281048 
 HMa15 11 LPC 729* 47 JF 281051 
 HMa16 1 LPC 791* 47 JF 281053 
 HMa17 1 UHESM 2176* 43 JF 281049 
 - 1 SLF 68* 60 JF 281060 
 - 1 SLF 72 60 JF 281061 
 - 1 SLF 6 61 JF 281062 
 - 1 SLF 12 61 JF 281063 
 - 1 SLF 175* 71 JF 281064 
 - 1 SLF 7 61 JF 281065 
 - 1 YL 262 70 JF 281066 
 - 1 T 2280* 14 AJ 486985 
 - 1 T 1837 13 AJ 486391 
 - 1 T 2629 8 AJ 487000 
 - 1 T 2799* 12 AJ 486996 
 - 1 T 2100 11 AJ 486993 
 - 1 T 2192 7 AJ 487001 
 - 1 FN 31154 3 AJ 606449 
 - 1 F 43437 4 AJ 606448 
 - 1 F 41351 6 AJ 606451 
M. macrotarsus - 1 JUR 450* 27 HM 106399 
 - 1 MNFS 746* 29 HM 106400 
M. waterhousei - 1 JLP 7480* 15 HM 106381 
 - 1 JLP 7490* 15 JF 281043 
M. demerarae HMi1 6 RGR 360* 37 JF 281072 
 HMi2 1 RGR 34 37 JF 281077 
 HMi3 7 RGR 148* 40 JF 281071 
 HMi4 3 RGR 32 37 JF 281078 
 HMi5 3 RGR 537* 36 JF 281075 
 HMi6 1 RGR 549* 39 JF 281092 
 HMi7 1 LPC 723* 47 GU 112916 
 HMi8 1 LPC 748* 47 JF 281074 
 HMi9 5 RNL 88* 35 JF 281090 
 HMi10 1 CRB 2791* 46 EF 587295 
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Table 4.1 (continued) 

Species  Haplotype  n Voucher 
specimen 

Map localities  GenBank  

M. demerarae HMi11 1 RNL 89* 35 JF 281076 
 HMi12 1 RNL 84 35 JF 281087 
 HMi13 1 BAC 313 33 JF 281079 
 HMi14 1 BAC 352* 33 JF 281073 
 HMi15 1 RNL 100* 34 JF 281088 
 HMi16 1 RNL 103* 34 JF 281089 
 - 1 LPC 898* 54 JF 281091 
 - 1 LPC 222* 55 JF 281080 
 - 1 LPC 229 55 JF 281081 
 - 1 LPC 106* 58 JF 281082 
 - 1 RM 109 57 EF 587297 
 - 1 RM 198 56 EF 587300 
 - 1 SLF 13 61 JF 281083 
 - 1 RM 219 59 EF 587296 
 - 1 ALG 14086 2 JF 281070 
 - 1 CRB 2178 23 EF 587291 
 - 1 CRB 2101 24 EF 587290 
 - 1 ROM 98124 5 AJ 606441 
 - 1 V 966 14 AJ 606446 
 - 1 V 1308* 12 AJ 606437 
 - 1 V 1570 10 AJ 606436 
M. constantiae - 1 MNFS 185* 28 U 34674 
 - 1 JLS 173 18 JF 281093 
 - 1 LPC 561 45 JF 281084 
 - 1 LPC 562* 45 JF 281085 
 - 1 LPC 500 45 JF 281086 
M. paraguayanus - 1 A 287 73 EF 587289 
 - 1 LPC 792 74 GU 112922 
 - 1 YL 81* 66 JF 281068 
 - 1 A 890 65 EF 587308 
 - 1 YL 92* 66 JF 281069 
 - 1 YL 75 62 GU 112920 
M. regina - 1 MVZ 171412* 15 U 34675 
 - 1 DWF 659* 16 EF 587310 

*Cyt-b haplotypes used to estimate the divergence time among lineages with BEAST. 

Field number acronyms correspond to the following collectors: BAC: Barbara Andrade Costa; 

CRB: Cibele R. Bonvicino; JLP: James L. Patton; JUR: Jay R. Malcolm; LPC: Leonora Pires 

Costa; MAM: Meika A. Mustrangi; MNFS: Maria Nazareth F. da Silva; RGR: Rita Gomes Rocha; 

RNL: Rafael Leite; SLF: Simone Loss; YL: Yuri Leite. 

 

 

4.3 – Results 

Didelphis albiventris 

Fifteen cyt-b sequences of 801 bp of D. albiventris were obtained from states of 

Tocantins (n = 8), Pará (n = 1), Mato Grosso (n = 2), Mato Grosso do Sul (n = 2) and 

Minas Gerais (n = 2), all in central Brazil (Table 4.1 & Fig. 4.1). These sequences 

included nine different haplotypes with a total of 19 polymorphic sites, high haplotype 

diversity and low nucleotide diversity (Table 4.2). Six samples, which represent three 

haplotypes, are not located in the ecotonal area between Cerrado and Amazonia. 

Rather they are from Pantanal (locality 52) and Cerrado (localities 42, 63 and 64) 
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biomes (Fig. 4.3a). We were unable to obtain any d-loop sequence for D. albiventris 

samples.  

 

Table 4.2  Molecular diversity indices data for cyt-b and d-loop sequences of six didelphid 

marsupials from central Brazil: number of individual sequences (n), haplotypes (H), number of 

polymorphic sites (Np), haplotype (h) and nucleotide diversity (π). 

Species \Locus  Cyt-b D-loop  
n H Np h π n H Np H Π 

D. albiventris 15 9 19 0.876 ± 
0.070 

0.00690 ± 
0.00084 

- - - - - 

D. marsupialis 42 5 8 0.649 ± 
0.047 

0.00211 ± 
0.00036 

30 3 3 0.549 ± 
0.038 

0.00238 ± 
0.00017 

P. o. canus 54 9 18 0.723 ± 
0.047 

0.00258 ± 
0.00051 

27 13 29 0.840 ± 
0.059 

0.0086 ± 
0.00139 

G. agilis 71 16 30 0.895 ± 
0.016 

0.01082 ± 
0.0029 

27 1 0 - - 

M. murina 76 17 48 0.900 ± 
0.014 

0.01298 ± 
0.00046 

24 6 9 0.819 ± 
0.033 

0.00542 ± 
0.00081 

M. demerarae 35 16 65 0.913 ± 
0.026 

0.01112 ± 
0.00294 

23 1 0 - - 

 

Bayesian inference analysis of cyt-b, in which were also included sequences 

from Bolivia (n = 2) and south Brazil (n = 1) (Table 4.1) and the model GTR + G was 

used, revealed two main haplogroups within D. albiventris, the southwest clade (SWC) 

and the central Brazil clade (SCB plus NCB) (Fig. 4.2). These clades diverged during 

the Pliocene/Pleistocene at 1.05–3.30 Myr BP (Table 4.3), and have an average K2p 

distance between them of 3.8 ± 0.7%. The central Brazil clade seems to be divided in 

two minor haplogroups, which are evidenced in the haplotype network (Fig. 4.3b). 

These haplogroups diverged during the Pleistocene at 0.35–1.45 Myr BP (Table 4.3) 

and have an average K2p distance between them of 1.2 ± 0.3% (Fig. 4.2). The 

northern central Brazil clade (NCB – HDa2, 3, 5 and 6) is represented mainly by 

haplotypes from west Tocantins (localities 37, 39 and 41) and Pará (locality 36), and 

the southern central Brazil clade (SCB – HDa4, 7 and 9) by haplotypes from southern 

Tocantins (locality 42), Mato Grosso (locality 49), Mato Grosso do Sul (locality 52) and 

Minas Gerais (locality 63) (Fig. 4.3a & 4.3b). However there is one haplotype (HDa1) 

from western Tocantins (locality 39) that is closely related with the southern group, and 

another haplotype (HDa8) from Minas Gerais (locality 64) that is closely related with 

the northern group (Fig. 4.3a & 4.3b). Haplotypes HDa2 and HDa4 are centrally located 

and are mainly represented by samples from western bank of the Araguaia River (Fig. 

4.3b). However ancestors of these haplogroups of central Brazil have not yet been 

sampled (Fig. 4.3b). 

 



Phylogeography of six didelphid marsupials in centr al Brazil 

100 

 
Figure 4.2 Bayesian inference tree of cyt-b sequences of Didelphis species rooted with M. 

nudicaudatus and P. o. canus. Numbers in circles represent nodes for which divergence times 

(tMRCA) are shown in Table 4.3; values correspond to pairwise genetic distances (k2p) between 

clades; and asterisks indicate Bayesian posterior probabilities (BPP) ≥ 0.95. NCB: northern 

central Brazil; SCB: southern central Brazil; SWC: southwest; CBC: central Brazil; AM: 

Amazonia.  

 

Didelphis marsupialis 

Forty-two cyt-b sequences of 801 bp of D. marsupialis were obtained from the states of 

Tocantins (n = 37) and Pará (n = 5), central Brazil (Table 4.1 & Fig. 4.1). These 

sequences are represented by five different haplotypes with eight polymorphic sites, 

relatively high haplotype diversity and low nucleotide diversity (Table 4.2). Only one 

sample from southern Tocantins (locality 42) (Fig. 4.3c), which represents one 

haplotype, is not located in the ecotonal area, rather it comes from the Cerrado biome. 

Thirty d-loop sequences of 464 bp were obtained for specimens from the ecotone, and 

six of these sequences have insertions of one and two base pairs at position 46. Sites 

with alignment gaps were excluded from analyses. These sequences comprise three 

haplotypes with three polymorphic sites (Table 4.2), two less haplotypes and five less 
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polymorphic sites than cyt-b sequences obtained for the same 30 specimens. Also, d-

loop haplotype diversity is lower than for cyt-b sequences for the same set of 

specimens (h = 0.549 ± 0.038 and 0.655 ± 0.059, respectively). However, nucleotide 

diversity is almost the same for the d-loop and cyt-b for the same set of specimens (π = 

0.00238 ± 0.00017 and 0.00204 ± 0.00043, respectively) (Table 4.2). 

Additionally, five cyt-b sequences of D. marsupialis from Amazonia were 

incorporated in BI analyses, which revealed two haplogroups within this species (BPP 

= 1.00), the Amazonian clade (AM) and the central Brazil clade (CBC) (Fig. 4.2). The 

average K2p distance between these clades is 2.0 ± 0.5%, and the divergence time 

was calculated at 0.70–2.62 Myr BP (Table 4.3). Didelphis marsupialis and D. aurita are 

sister species (BPP = 0.96), with an average Kimura 2-parameter (K2p) distance of 3.0 

± 0.6% (Fig. 4.2).Haplotype HDm4 is the ancestor of the mid-Araguaia River samples 

and it is shared by both riverbanks (Fig. 4.3d). Haplotype HDm2 is also shared by both 

banks of the Araguaia River (Fig. 4.3d).  

 

 
Figure 4.3 (a and c) Map of sample localities of the Didelphis species; streaked area 

corresponds to D. albiventris sample distribution, and dotted area corresponds to D. marsupialis 

sample distribution. (b and d) Median Joining network of cyt-b haplotypes of D. albiventris 

(HDa1–HDa9) and D. marsupialis (HDm1–HDm5) from central Brazil, respectively. Size of 

connecting branches corresponds to the nucleotide substitutions; size of the circles is 

proportional to the number of individuals of a given haplotype (Table 4.1); circles without codes 

correspond to hypothetical ancestors; white corresponds to the eastern bank of the Araguaia 
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River and black to the western riverbank.  

 

Philander opossum canus 

Fifty-four cyt-b sequences of 801 bp of Philander o. canus were obtained from states of 

Tocantins (n = 46), Pará (n = 6) and Mato Grosso (n = 2) (Table 4.1 & Fig. 4.1). Nine 

haplotypes were found among these sequences from central Brazil, with 18 

polymorphic sites, high haplotype diversity and low nucleotide diversity (Table 4.2). 

Only one sample is from a locality outside the ecotonal area between Cerrado and 

Amazonia. Rather it comes from south Mato Grosso (locality 50), from the Pantanal 

biome (Fig. 4.4a), which is represented by one haplotype. Twenty-six d-loop 

sequences of 578 bp were obtained from the state of Tocantins (localities 37 and 39–

41) and only one from the state of Pará (locality 36). Seven of these d-loop sequences 

have insertions of one base pair at position 55 and one has an insertion of 26 bp at 

position 339. Sites with alignment gaps were excluded from the analyses. These d-loop 

sequences are represented by 13 haplotypes with 29 polymorphic sites, and high 

haplotype diversity and low nucleotide diversity (Table 4.2). Cyt-b sequences of the 

same 26 specimens are represented by only six haplotypes with seven polymorphic 

sites and lower haplotype and nucleotide diversity (h = 0.681 ± 0.075 and π = 0.00176 

± 0.00034, respectively). 

Cyt-b sequences of P. o. canus from western Amazonia (n = 2), P. o. opossum 

(n = 2), P. mcilhennyi (n = 2), P. andersoni (n = 2) and P. frenatus (n = 6) (Table 4.1) 

were included in the phylogenetic analysis through BI, in which the model GTR + G 

was used. High support was obtained for intraspecific relationships, with exception of 

P. o. canus, but not for interspecific relationships (Fig. 4.4c). The genus Philander 

diverged during the Miocene (Table 4.3). The average K2p distance between our 

samples of P. o. canus from central Brazil (CB plus PA) and those from Amazonia (AM) 

is relatively low (1.5 ± 0.3%) (Fig. 4.4c). The divergence time of those clades was at 

0.61–2.62 Myr BP (Table 4.3). The two sub-species of P. opossum and P. mcilhennyi 

formed an unresolved clade (Fig. 4.4c). 

Within central Brazil, the haplotype from Pantanal (PA: HPh9) in the state of 

Mato Grosso (locality 50) differ from haplotypes from the ecotonal area (CB: HPh1 – 

HPh8) at states of Tocantins (localities 37 and 39–41), Pará (locality 36) and Mato 

Grosso (locality 49) by eight mutations and an average K2p distance of 1.4 ± 0.4 % 

(Fig. 4.4b & 4.4c). The haplotype HPh1 is the ancestor of the mid-Araguaia River 

samples and it is shared by specimens from both riverbanks, haplotypes HPh6 and 7 

are also shared by specimens from both riverbanks (Fig. 4.4b). 
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Figure 4.4 (a) Map of sample localities of the Philander species; streaked area corresponds to 

P. o. canus sample distribution. (b) Median Joining network of cyt-b haplotypes of P. o. canus 

(HPh1–HPh9) from central Brazil. Size of connecting branches corresponds to the nucleotide 

substitutions; size of the circles is proportional to the number of individuals of a given haplotype 

(Table 4.1); circles without codes correspond to hypothetical ancestors; white corresponds to 

the eastern bank of the Araguaia River and black to the western riverbank. (c) Bayesian 

inference tree of cyt-b sequences of Philander species rooted with M. nudicaudatus and M. 

murina. Numbers in circles represent nodes for which divergence times (tMRCA) are shown in 

Table 4.3; values correspond to pairwise genetic distances (k2p) between clades; and asterisks 

indicate Bayesian posterior probabilities (BPP) ≥ 0.95. CB: central Brazil; PA: Pantanal. 
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Table 4.3  Divergence time (tMRCA) and average cyt-b genetic distance (using the Kimura 2-

parameter model) of the main clades of didelphid species, and the geological time 

correspondent to the divergence time (following Gibbard et al., 2010). 

Node 
Divergence time (tMRCA) 

Geological Time 
Mean SD 95% CI 

Didelphis 
    

1 (D. albiventris SCB / D. albiventris NCB) 0.84 0.02 0.35 – 1.45 Pleistocene 

2 (D. albiventris) 2.11 0.03 1.05 – 3.30 Pliocene / Pleistocene 

3 (D. marsupialis CBC / D. marsupialis AM) 1.53 0.03 0.70 – 2.62 Pliocene / Pleistocene 

4 (D. marsupialis / D. aurita) 2.44 0.04 1.16 – 3.89 Pliocene / Pleistocene 

5 (Didelphis) 5.77 0.05 3.84 – 7.76 Miocene / Pliocene 

Gracilinanus 

1 (G. agilis SCB / G. agilis NCB) 1.30 0.03 0.56 – 2.19 Pleistocene 

2 1.95 0.04 0.87 – 3.35 Pliocene / Pleistocene 

3 (G. agilis) 2.85 0.06 1.38 – 4.66 Pliocene / Pleistocene 

4 (G. agilis / G. microtarsus) 8.02 0.07 5.00 – 11.07 Miocene / Pliocene 

5 (Gracilinanus) 8.24 0.07 5.23 – 11.20 Miocene / Pliocene 

Marmosa 

1 (M. murina EAR / M. murina WAR) 1.25 0.03 0.55 – 2.13 Pleistocene 

2 (M. murina) 2.96 0.07 1.34 – 4.91 Pliocene / Pleistocene 

3 (M. murina / M. macrotarsus) 6.55 0.08 3.80 – 9.56 Miocene / Pliocene 

4 (Marmosa) 6.61 0.08 3.95 – 9.66 Miocene / Pliocene 

Micoureus 

1 2.64 0.05 1.42 – 4.06 Pliocene / Pleistocene 

2 (M. demerarae) 2.64 0.05 1.41 – 4.07 Pliocene / Pleistocene 

3 (M. demerarae / M. constantiae) 3.27 0.05 1.88 – 4.83 Pliocene / Pleistocene 

4 (Micoureus) 8.45 0.07 5.56 – 11.58 Miocene 

Philander 

1 (P. o. canus) 1.55 0.02 0.61 – 2.62 Pliocene / Pleistocene 

2 (Philander) 7.36 0.04 5.10 – 9.73 Miocene 
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Gracilinanus agilis 

Seventy-one cyt-b sequences of 801bp of Gracilinanus agilis were obtained from the 

states of Tocantins (n = 35), Mato Grosso (n = 3), Mato Grosso do Sul (n = 3), Minas 

Gerais (n = 28) and Goiás (n = 2), central Brazil (Table 4.1 & Fig. 4.1). These 

sequences are represented by 16 haplotypes with 30 polymorphic sites, high haplotype 

diversity and reduced nucleotide diversity (Table 4.2). The individuals from the ecotonal 

area (n = 38) are represented by nine haplotypes. Samples outside ecotonal area are 

from Pantanal (localities 50 and 51) and Cerrado (localities 43, 44, 63 and 64) biomes 

(Fig. 4.5a). Twenty-seven d-loop sequences of 366bp were obtained from the state of 

Tocantins. D-loop sequences of G. agilis had several ambiguous peaks, in the same 

exact position in all sequences. After the exclusion of these sites from the analyses, no 

polymorphic sites were found in these sequences.  

Additionally, cyt-b sequences of G. agilis from Caatinga (n = 6), G. 

aceramarcae (n = 1) and G. microtarsus (n = 2) (Table 4.1) were included in the BI 

analysis, in which the model GTR + G was used. The monophyly of G. agilis and G. 

microtarsus is well supported with high BI posterior probabilities (Fig. 4.5c). The genus 

Gracilinanus diverged during Miocene/Pliocene (Table 4.3). Gracilinanus agilis is 

structured in two main haplogroups (BI = 1.00), one corresponding to samples from 

Caatinga at state of Ceará (locality 53), and other correspond to samples from central 

Brazil (NCB plus SCB – Fig. 4.5c). The haplogroup from Ceará is closer related (BPP = 

1.00) to haplogroup from central Brazil (3.8 ± 0.6%) than it is to the other haplotype 

from Caatinga in the state of Bahia (locality 55) (5.1 ± 0.8%) (Fig. 4.5c). The mean 

divergence time of the Bahia haplotype was calculated at 2.85 ± 0.06 Myr BP, and the 

split between haplotypes from Ceará and central Brazil was estimated at 1.95 ± 0.04 

Myr BP (Table 4.3). 

Within samples of G. agilis from central Brazil, BI analyses and MJ network 

revealed two main haplogroups (BPP = 0.89), with an average K2p distance of 1.8 ± 

0.4% and a difference of seven mutations between them (Fig. 4.5b & 4.5c). These 

haplogroups diverged during the Pleistocene at 0.56–2.19 Myr BP (Table 4.3), and are 

represented mainly by samples from a northern clade (NCB: HGa2–7, HGa11, and 

HGa14–15) at states of Tocantins (localities 40 and 41), Goiás (locality 43) and Mato 

Grosso (locality 49), and by samples from a southern clade (SCB: HGa1, HGa8–10, 

and HGa12–13) at states of Mato Grosso (locality 50), Mato Grosso do Sul (locality 

51), Goiás (locality 44) and Minas Gerais (locality 63 and 64). The haplotype HGa4 is 

centrally located relatively to samples from state of Tocantins (localities 40 and 41), 

however our results suggest that the ancestor haplotype of the northern group had not 
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been sampled (Fig. 4.5b). The ancestor of the southern group (HGa12) is represented 

by samples from state of Mato Grosso (locality 50) (Fig. 4.5b). 

 

 

 
Figure 4.5 (a)  Map of sample localities of the Gracilinanus species; streaked area corresponds 

to G. agilis sample distribution, and dashed line divides the geographical distribution of northern 

(NCB) and southern (SCB) central Brazil. (b) Median Joining network of cyt-b haplotypes of G. 

agilis (HGa1–HGa16) from central Brazil. Size of connecting branches corresponds to the 

nucleotide substitutions; size of the circles is proportional to the number of individuals of a given 

haplotype (Table 4.1); circles without codes correspond to hypothetical ancestors; white 

corresponds to the eastern bank of the Araguaia River and black to the western riverbank. (c) 

Bayesian inference tree of cyt-b sequences of Gracilinanus species rooted with M. murina and 

M. demerarae. Numbers in circles represent nodes for which divergence times (tMRCA) are 

shown in Table 4.3; values correspond to pairwise genetic distances (k2p) between clades; and 

asterisks indicate Bayesian posterior probabilities (BPP) ≥ 0.95.  
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Marmosa murina 

Seventy-six cyt-b sequences of 801bp of Marmosa murina were obtained from the 

states of Tocantins (n = 33), Goiás (n = 1), Pará (n = 8) and Mato Grosso (n = 34), 

central Brazil (Table 4.1 & Fig.4.1). Seventeen haplotypes with 48 polymorphic sites, 

high haplotype diversity and reduced nucleotide diversity represent these sequences 

from central Brazil (Table 4.2). Individuals from the ecotonal area (n = 67) are 

represented by 14 haplotypes. Samples outside ecotonal area are from the sub-area of 

endemism of Tapajós River at Amazonia (locality 45) and Cerrado (localities 42 and 

43) biomes (Fig. 4.6a).We were able to obtain 24 d-loop sequences of 423bp from the 

state of Tocantins (n = 5), Pará (n = 2) and Mato Grosso (n = 17). These d-loop 

sequences are represented by six haplotypes with nine polymorphic sites, high 

haplotype diversity and low nucleotide diversity (Table 4.2). Cyt-b sequences obtained 

for the same 24 specimens are represented by eight haplotypes with 39 polymorphic 

sites, higher haplotype diversity (h = 0.844 ± 0.044) and nucleotide diversity (π = 

0.01219 ± 0.00121) than d-loop (Table 4.2). 

Cyt-b sequences of M. murina from the Atlantic Forest (n = 7) and from the 

Guiana Region in the northern Amazonia (n = 8), M. waterhousei (n = 2) and M. 

macrotarsus (n = 2) (Table 4.1) were included in the phylogenetic analysis through BI, 

in which the model HKY + G was used. The two later species above mentioned were 

recently recognized as distinct from M. murina (Gutiérrez et al., 2010). Our results 

corroborate the monophyly of M. murina (BPP = 1.00), and its sister relationship with 

M. macrotarsus, from western Amazonia (Fig. 4.6c). Samples from the Guiana Region 

(GR) form an unresolved polytomy with respect to those from Brazil, although the 

monophyly of the clade including only samples from the Atlantic Forest (AF) and 

central Brazil (EAR plus WAR plus TR) is well supported (BI = 1.00) (Fig. 4.6c). The 

genetic distance between the Atlantic Forest clade and central Brazil is 3.3 ± 0.7% (Fig. 

4.6c).  

Bayesian inference analyses and MJ network of M. murina revealed three 

haplogroups within central Brazil (Fig. 4.6b & 4.6c). The clade TR (HMa13), which is 

represented by two samples from the sub-area of endemism of Tapajós River at state 

of Mato Grosso (locality 45), differed from the other two clades by 13 mutations and an 

average K2p distance of 2.4 ± 0.5%. The clades WAR (HMa5, HMa7–Hma12, and 

HMa15–HMa16) and EAR (HMa1–HMa4, HMa6, HMa14 and HMa17) (BPP = 0.97) 

are represented by haplotypes from western bank of the Araguaia River at states of 

Pará (locality 36) and Mato Grosso (localities 47–49), and haplotypes from eastern 

bank of the Araguaia River at states of Tocantins (localities 37, 40 and 42) and Goiás 

(locality 43), respectively (Fig. 4.6a & 4.6c). These two haplogroups from opposite 
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riverbanks of Araguaia diverged during the Pleistocene at 0.55–2.13 Myr BP (Table 

4.3), and differed one from each other by four mutations and an average K2p distance 

of 1.8 ± 0.4% (Fig. 4.6b & 4.6c). Our results also suggested that the ancestor of M. 

murina from central Brazil has not yet been sampled (Fig. 4.6b). 

 

 

 
Figure 4.6  (a) Map of sample localities of Marmosa species; streaked area corresponds to M. 

murina sample distribution.  (b) Median Joining network of cyt-b haplotypes of M. murina 

(HMa1–HMa17) from central Brazil. Size of connecting branches corresponds to the nucleotide 

substitutions; size of the circles is proportional to the number of individuals of a given haplotype 

(Table 4.1); and circles without codes correspond to hypothetical ancestors. (c) Bayesian 

inference tree of cyt-b haplotype sequences of Marmosa species rooted with D. marsupialis and 

P. o. canus. Numbers in circles represent nodes for which divergence times (tMRCA) are shown in 

Table 4.3; values correspond to k2p distance between clades; and asterisks indicate Bayesian 

posterior probabilities (BPP) ≥ 0.95. EAR: eastern bank of the Araguaia River; WAR: western 

bank of the Araguaia River; TR: Tapajós River; AF: Atlantic Forest; GR: Guiana Region. 
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Micoureus demerarae 

Thirty-five cyt-b sequences of 801bp of Micoureus demerarae were obtained from 

states of Tocantins (n = 18), Pará (n = 14) and Mato Grosso (n = 3) (Table 4.1 & Fig. 

4.1). Sixteen haplotypes with 65 polymorphic sites, high haplotype diversity and 

reduced nucleotide diversity represent these sequences from central Brazil (Table 4.2). 

Only one sample, which represents one haplotype, is from outside the ecotone. Rather 

it comes from the sub-area of endemism of Xingu River at Amazonia (localities 46) 

(Fig. 4.7a). Twenty-three d-loop sequences of 494bp were obtained of samples from 

same states referred above. No polymorphisms were detected in any of these 

sequences.    

Additionally, cyt-b sequences of M. demerarae from the Atlantic Forest (n = 8) 

and from northern Amazonia (n = 7), M. constantiae (n = 5), M. paraguayanus (n = 6) 

and M. regina (n = 2) (Table 4.1) were included in the phylogenetic analysis through BI, 

in which the model HKY + I + G was used. Our results corroborate the monophyly of 

the genus Micoureus (BPP = 1.00), which diverged during the Miocene (Table 4.3), 

and the monophyly of the species M. constantiae and M. regina (Fig. 4.7c).  

Our BI analyses do not supported most of intraspecific relationships within M. 

demerarae. The northern Amazonia (NAM) is divided in two haplogroups, and central 

Brazil and the Atlantic forest (CB plus AF) formed an unresolved clade (Fig. 4.7c). 

Haplotypes from Guiana Region diverged at 1.41–4.07 Myr BP (Table 4.3), and have 

an average K2p distance of 3.6 ± 0.5% (Fig. 4.7c). Haplotypes from the Atlantic Forest 

(localities 55–59 and 61) are clustered in a polytomy (BI = 1.00), with exception of one 

haplotype from the state of Alagoas (locality 54) (Fig. 4.7c). The cluster of haplotypes 

HMi1–HMi4 and HMi6 from state of Tocantins (localities 37–40), and haplotypes HMi15 

and Hmi16 from state of Pará (locality 34), both from the eastern bank of the Araguaia 

River, have as ancestor haplotypes HMi14 and HMi13, respectively (Fig. 4.7b). These 

ancestor haplotypes are from a single locality from the western bank of the Araguaia 

River at state of Pará (locality 33) (Fig. 4.7a). Haplotypes HMi12, HMi15 and HMi16 

from the northern state of Pará (localities 35 and 34, respectively) are distant from the 

rest of haplotypes of central Brazil (27 and 29 mutations, respectively), which result in a 

MJ network with very large branches, and in the case of the former haplotype with no 

intermediary haplotypes (Fig. 4.7b).  
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Figure 4.7 (a) Map of sample localities of Micoureus species; streaked area corresponds to M. 

demerarae sample distribution. (b) Median Joining network of cyt-b haplotypes of M. demerarae 

(HMi1–HMi15) from central Brazil. Size of connecting branches corresponds to the nucleotide 

substitutions; size of the circles is proportional to the number of individuals of a given haplotype 

(Table 4.1); circles without codes correspond to hypothetical ancestors; white corresponds to 

the eastern bank of the Araguaia River and black to the western riverbank. (c) Bayesian 

inference tree of cyt-b sequences of Micoureus species rooted with M. nudicaudaus and P. o. 

canus. Numbers in circles represent nodes for which divergence times (tMRCA) are shown in 

Table 4.3; values correspond to pairwise genetic distances (k2p) between clades; and asterisks 

indicate Bayesian posterior probabilities (BPP) ≥ 0.95. NAM: Northern Amazonia; CB + AF: 

central Brazil plus Atlantic Forest. 

 

 

4.4 – Discussion 

4.4.1 – Mitochondrial markers in didelphid marsupials 

The cytochrome b (cyt-b) has been extensively used in phylogenetic and 

phylogeographic analyses of didelphid marsupials (e.g. Patton et al., 1996a; Patton & 

Costa, 2003; Voss & Jansa, 2009; Gutiérrez et al., 2010), while the faster-evolving non-

coding mitochondrial d-loop has been only recently employed in New World marsupials 

(Steiner & Catzeflis, 2003). In this study, cyt-b was informative in recovering most of 

the intraspecific relationships and the monophyly of didelphid species, as previously 

reported by Gutiérrez et al. (2010), whereas d-loop presented several problems. 
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Steiner & Catzeflis (2003) had already reported the presence of heteroplasmy 

and nuclear copies in d-loop sequences, and obtained similar variability with cyt-b 

sequences for M. murina from the Guiana Region (Steiner & Catzeflis, 2003). Herein, 

we believe that we probably amplified highly conserved d-loop-like nuclear 

mitochondrial sequences (e.g. Zhang et al., 2006) in samples of M. demerarae and G. 

agilis, since we did not obtained any variability in the former and recorded ambiguous 

peaks in the latter. This is not an expectation for d-loop, since that the amplified 

fragment corresponds to the ETAS domain, which is the most variable domain of the d-

loop region (Larizza et al. 2002). Marmosa murina from central Brazil had the same 

pattern of variability as those from Guiana Region. Didelphis marsupialis had lower 

variability for d-loop than for cyt-b sequences, whereas only P. o. canus showed the 

opposite tendency, having higher variability in the d-loop sequences. These results of 

low variability of d-loop sequences in most of didelphid marsupials analyzed are 

concordant with Nilsson’s (2009) conclusion that the control region in marsupials is 

more conserved than in placental mammals. 

 

4.4.2 – Genetic diversity and historical demography 

High haplotype diversity (h) and low nucleotide diversity (π) was observed for six 

species of didelphid marsupials from central Brazil. The same pattern of genetic 

diversity was documented for five mouse-sized opossums throughout the Guiana 

Region by Steiner and Catzeflis (2004), which suggested a rapid population growth 

from an ancestral population with small effective population size for those species. In 

the case of M. murina and M. demerarae, the previous authors suggested that their 

populations would have had an origin in western Amazonia followed by a rapid 

population growth over the Guiana Region. Fonseca et al. (1999) suggested that under 

numerous expansions and contractions of forests, mammal populations may have 

suffered demographic stress and probably several demographic bottlenecks would 

occurred during these cycles. Therefore, we suppose that the genetic signature of rapid 

population expansion in central Brazil is probably related with the vegetation shifts 

occurred during the Pleistocene and preceding geological periods (Ledru, 1993; Ledru, 

2002). 

Por (1992) noted three general historical routes of connection between 

Amazonia and Atlantic forest that have been discussed afterwards for small mammals 

(Costa, 2003; Patton & Costa, 2003; Almeida et al., 2007). The three routes seem to be 

species-specific, since the phylogeography of Caluromys philander and M. demerarae 

support the northeast route around the horn of Brazil; the phylogeography of C. lanatus 

and Metachirus nudicaudatus support the southern route through the Paraná River 
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basin; and for M. murina the route is equivocal, since the two routes described above 

and a third one, via gallery forests along rivers of the central Brazilian Cerrado, are 

supported (Costa, 2003; Patton & Costa, 2003). Phylogeographic analyses of M. 

murina and G. agilis seem to support the central Brazil route; however more samples 

are needed to clarify this situation. Our results of M. demerarae suggest that 

populations from the lower Amazon River would have expanded to central Brazil 

throughout the western margin of the Araguaia River and to the Atlantic Forest 

throughout the route around the horn of Brazil. Haplotypes of M. demerarae from Novo 

Repartimento (locality 35) and Goianésia do Pará (locality 34), state of Pará, are very 

divergent when compared to the rest of haplotypes from central Brazil. Costa (2003) 

recorded a potentially new species of Micoureus at Parauapebas, less than 400 Km to 

the south of previous localities, which reveal the importance of this region to the 

diversification of this genus. Despite the lack of data to precisely map the size and 

location of relict humid forest and savannas that probably acted as refuges during 

glacial cycles in Neotropics (Haffer, 2008), palynological records of the Serra dos 

Carajás, state of Pará, revealed that this region went through several alternating 

periods dominated by arboreal and herbaceous savanna vegetations (Iriondo & 

Latrubesse, 1994; Behling et al., 2010). Additionally, the hilly region to the south of the 

mouth of the Amazon River was presumably covered by large humid forest areas – 

Belém refuge; and broad gallery forests existed along major rivers in Amazonian 

regions that were affected by dry climatic conditions (Haffer, 2008), which would have 

allowed the survival and dispersal of rainforest mammal species. On the other hand, 

forested corridors in central Brazil would have acted as a barrier to inhabitants of dry 

vegetations, as suggested by Almeida et al. (2007) to the “large-bodied” clade of 

Calomys species (Calomys sp. nov., C. callosus and C. tocantinsi). 

Several authors documented the partitioning of the Atlantic Forest (e.g. Bates et 

al., 1998, Costa et al., 2000; Costa, 2003; Resende et al., 2010; Costa & Leite, in 

press) and Amazonia (e.g. Cracraft & Prum, 1998; Patton et al., 2000; Voss et al., 

2001; López-Osorio & Miranda-Esquivel, 2010) into highly divergent phylogenetic 

areas. Sub-areas of endemism of Amazonia are also stressed with our 

phylogeographic analyses. Specimens of D. marsupialis from central Brazil share an 

intraspecific sister relationship with the Inambari Region (López-Osorio & Miranda-

Esquivel, 2010). The Guiana Region is the most divergent for populations of M. murina 

and M. demerarae. We suppose that the Amazon River, which is the major barrier 

between the Guiana Region and the cluster of samples from central Brazil and the 

Atlantic Forest, is responsible for this divergence. The same pattern of high genetic 

diversity of north and south populations of the Amazon River was observed for 
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Hylaeamys megacephalus by Miranda et al. (2007), which supported the allopatric 

diversification of this species by the Amazon River. 

Within central Brazil, phylogeographic analyses of D. albiventris and G. agilis 

revealed two haplogroups that might be concordant with a partition in the Cerrado 

biome. Formerly, Ratter et al. (2003) recognized seven geographical groups within the 

Cerrado, based on its floristic composition. However, the partition that we call the 

northern and southern haplogroups of the Cerrado is not congruent between species 

analyzed or with the geographical limits established by Ratter et al. (2003). 

Nonetheless, this split occurred during the Pleistocene (Table 4.3), which is concordant 

with suggestions that the vegetation pattern reflects changes that occurred during the 

Tertiary and Quaternary periods (Ratter et al., 2003). In the case of D. albiventris there 

is overlapping geographical distribution of the two groups, which is probably explained 

by the expansion of populations and the formation of secondary contact zones. 

Furthermore, D. albiventris is not generally a rainforest species (Emmons & Feer, 

1997), which increase its ability of dispersal through more open regions. 

 

4.4.3 – Diversification in the mid-Araguaia River basin 

Patton et al. (2000) formulated three different hypotheses for riverine divergence, which 

included primary diversification, secondary contact and dispersal. The former comprise 

a complete barrier formed by the river to an existing taxon range, resulting in a 

reciprocally monophyly of sister clades from opposite banks. In the secondary contact 

hypothesis, the river is only a common contact zone, and despite of the observed 

reciprocally monophyly, haplotypes from opposite banks are not sister clades. The third 

case comprises a dispersal event from an established population to the opposite 

riverbank, resulting in a paraphyletic relationship (see Patton et al., 2000 for further 

explanations). 

Several studies aimed to investigate the riverine barrier effects in small mammal 

populations in Amazonia (e.g. Patton et al., 1994; Patton et al., 1996b; da Silva & 

Patton, 1998; Gascon et al., 2000; Matocq et al., 2000; Patton et al., 2000). From 

studied mammals, only a tamarin (Saguinus fuscicollis) and two small rodents 

(Oecomys sp. and Proechimys echinothrix) were genetically differentiated by 

riverbanks (Patton et al., 2000). A previous study in the mid-Araguaia River basin 

showed that this river was an important barrier to two sister species of Rhipidomys 

(Rocha et al., 2011).   

The six didelphid marsupials analyzed in this work revealed different patterns of 

differentiation in the mid-Araguaia River. Didelphis albiventris, D. marsupialis and P. o. 

canus revealed an extensive haplotype sharing across the river within each species.  
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Data for M. demerarae suggest that dispersal events from individuals of western bank 

of the mid-Araguaia River to the eastern bank have occurred, as indicated by the 

ancestral relationships identified in the MJ networks. Haplotypes of M. murina on 

opposite riverbanks are sister haplogroups, which is concordant with the prediction of 

the primary diversification of riverine barrier model. Finally, for G. agilis we did not 

verify haplotype sharing across the river, but we also cannot confirm the two former 

patterns of differentiation due to the great phylogeographic gap between our samples 

in central Brazil.   

Differences of population structures between species are probably linked to 

differences in life history and ecology of those species, as argued by Matocq et al. 

(2000) regarding two species of Amazonian spiny rats (Proechimys). The three smaller 

marsupial species of the present study were the ones that did not exhibited haplotype 

sharing across the mid-Araguaia River. Marmosa murina is an upland forest specialist 

(Patton et al., 2000; Rocha et al., 2011), and as pointed out by Moritz et al. (2000) 

upland forest specialists are more prone to exhibit riverine diversification than 

specialists of floodplain forests. Micoureus demerarae is not an upland forest specialist, 

since that it was also captured in alluvial forests (Rocha et al., 2011), which probably 

made it more able to cross the river. The three larger species (D. albiventris, D. 

marsupialis and P. o. canus) were well distributed in upland and alluvial forests (Rocha 

et al., 2011). Their body size and distribution are probably reasons to the continued 

haplotype sharing across the river. 

Differences in river basins may be also important factors in determine the cross-

river events by species. Meandering rivers, in which the river channel varies over time, 

as the Juruá River (Latrubesse, 2008), may relocate populations of adjacent lineages 

onto opposite banks due to meander dynamics (Moritz et al., 2000; Patton et al., 2000). 

On the other hand, anabranching rivers with multiple channels separated by vegetated 

semi-permanent alluvial islands and low sinuosities, as the Araguaia River (Latrubesse, 

2008), might be stronger barriers. These predictions were discussed by Bates et al. 

(2004), which demonstrate that Teles Pires River, a headwater stream of the Tapajós 

River, appears to separate genetically differentiated populations of six species of birds; 

and were corroborated by our results at the mid-Araguaia River and by previous 

studies along the Juruá River (e.g. Patton et al. 2000). 

 

 

4.4.4 – Concluding remarks and further perspectives  

The lack of congruence in phylogeographical patterns across small mammals in 

Neotropics was already reported (e.g. Costa, 2003; Steiner & Catzeflis, 2004). 
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Although heterogeneous and limited sampling in the field could bias the 

phylogeographical structure among species (Steiner & Catzeflis, 2004), other authors 

argued that the lack of congruence could be related with the differences in ecology and 

life history of the species (e.g. Matocq et al., 2000). These differences imply that 

vicariant events had occurred to shape the distribution of the species, though dispersal 

across barriers is also important in the evolutionary history of different species 

(Ronquist, 1997; Costa, 2003). 

Our results suggest an integral role for mid-Araguaia River, but also for 

vegetation shifts occurred during climatic cycles of Pleistocene and preceding periods, 

in shaping intraspecific genetic structure of didelphid marsupials from central Brazil. 

Therefore, models of diversification – eg. refuges and riverine hypothesis – are not 

mutually exclusive, and no single model will explain the divergence in Neotropics (e.g. 

Patton et al., 1994; Costa 2003). Intensive sampling of specimens over central Brazil 

will help to better elucidate historical events revealed by our preliminary results. Also, 

further questions should be investigated; specific designed test studies about the role 

of other major rivers as the Xingu, Tapajós and Amazon River as potential 

geographical barriers will help to clarify the intraspecific divergence observed to some 

didelphid marsupials, as M. murina and M. demerarae.  

 

 

Acknowledgments 

We thank to Rafael Leite and Simone Loss who gently shared their samples of didelphid 

marsupials; to Jim L. Patton who kindly shared sequences from previous works; to Juliana 

Justino who provided crucial help in the laboratory; to Yuri L.R. Leite who provided data, as well 

as helpful comments and suggestions along all the work. Financial support for laboratory work 

was obtained from the Fundação Ciência e Tecnologia (Program POPH-QREN). Universidade 

Federal do Tocantins/ Fundação de Apoio Científico e Tecnológico do Tocantins (UFT/FAPTO) 

and Ecotropical (a partnership between Instituto Ecológica and Universidade de Aveiro) 

provided logistic support. Samples were collected under the permits of Federal (Instituto Chico 

Mendes de Conservação da Biodiversidade-CMBio, permits 200/2006 and 14307-1) and State 

(NATURATINS, permits: 019/2006 and 001/2008) conservancy agencies. The molecular facility 

at UFES was established with funds from the Critical Ecosystem Partnership Fund (CEPF). Rita 

G. Rocha and Eduardo Ferreira have PhD grants from Fundação Ciência e Tecnologia 

(Program POPH-QREN) (ref: SFRH/BD/24767/2005 and SFRH/BD/23191/2005). Leonora P. 

Costa has a research grant from Conselho Nacional de Desenvolvimento Científico e 

Tenológico (CNPq, Brazil). 

 

 



Phylogeography of six didelphid marsupials in centr al Brazil 

116 

References 

Ackerly, D.D., Thomas, W.W., Ferreira, C.A.C. & Pirani, J.R. (1989) The forest–Cerrado 

transition zone in Southern Amazonia: Results of the 1985 Projeto Amazonica expedition to 

Mato Grosso. Brittonia, 41, 113–128. 

Alho, C.J.R. (2005) Intergradation of habitats of non-volant small mammals in the patchy 

Cerrado landscape. Arquivos do Museu Nacional, Rio de Janeiro, 63, 41–48. 

Almeida, F.C., Bonvicino, C.R. & Cordeiro-Estrela, P. (2007) Phylogeny and temporal 

diversification of Calomys (Rodentia, Sigmodontinae): implications for the biogeography of 

an endemic genus of the open/dry biomes of South America. Molecular Phylogenetics and 

Evolution, 42, 449–466. 

Antonelli, A., Quijada–Mascarenas, A., Crawford, A.J., Bates, J.M., Velazco, P.M. & Wuster, W. 

(2010) Molecular studies and phylogeography of Amazonian tetrapods and their relation to 

geological and climatic models. In: Hoorn, C. & Wesselingh, F. (Eds.), Amazonia, Landscape 

and Species Evolution: A Look into the Past. Wiley–Blackwell, West Sussex, pp. 386–404. 

Bandelt, H.J., Forster, P. & Röhl, A. (1999) Median-joining networks for inferring intraspecific 

phylogenies. Molecular Biology Evolution, 16, 37–48. 

Bates, J.M., Hackett, S.J. & Cracraft, J. (1998) Area-relationships in the Neotropical lowlands: 

an hypothesis based on raw distributions of passerine birds. Journal of Biogeography, 25, 

783–793. 

Bates, J.M., Haffer, J. & Grismer, E. (2004) Avian mitochondrial DNA sequence divergence 

across a headwater stream of the Rio Tapajós, a major Amazonian river. Journal of 

Ornithology, 145, 199–205. 

Behling, H., Bush, M. & Hooghiemstra, H. (2010) Biotic development of Quaternary Amazonia: 

a palynological perspective. In: Hoorn C. & Wesselingh F. (Eds), Amazonia, Landscape and 

Species Evolution: A Look into the Past. Wiley–Blackwell, West Sussex, pp. 335–345. 

Bezerra, A.M.R., Carmignotto, A.P. & Rodrigues, F.H.G. (2009) Small non-volant mammals of 

an ecotone region between the Cerrado hotspot and the Amazonian rainforest, with 

comments on their taxonomy and distribution. Zoological Studies, 48, 861–874.  

Bonvicino, C.R., Lemos, B. & Weksler, M. (2005) Small mammals of Chapada do Veadeiros 

National Park (Cerrado of central Brazil): ecological, karyological, and taxonomic 

considerations. Brazilian Journal of Biology, 65, 395–406. 

Bruford, M.W., Hanotte, O., Brookfield, J.F.Y. & Burke, T. (1992) Single-locus and DNA 

fingerprinting. In: Hoelzel, A.R. (Ed.), Molecular genetic analyses of populations. A Pratical 

Approach. IRL Press, Oxford, pp. 225–269. 

Cavalcanti, R.B. & Joly, C.A. (2002) Biodiversity and conservation priorities in the Cerrado 

region. In: Oliveira, P.A. & Marquis R.J. (Eds.), The Cerrados of Brazil, ecology and natural 

history of a neotropical savanna. Columbia University Press, New York, pp. 351–367. 

Costa, L.P. (2003) The historical bridge between the Amazon and the Atlantic Forest of Brazil: a 

study of molecular phylogeography with small mammals. Journal of Biogeography, 30, 71–

86. 



Chapter 4 

117 

Costa, L.P. & Leite, Y.L.R. (in press) Historical Fragmentation Shaping Vertebrate 

Diversification in the Atlantic Forest Biodiversity Hotspot. In: Patterson B. & Costa L.P. 

(Eds.), Bones, clones and biomes: the history and geography of Recent Neotropical 

mammals. University of Chicago Press, Chicago. 

Costa, L.P., Leite, Y.L.R., Fonseca, G.A.B.d. & da Fonseca, M.T. (2000) Biogeography of South 

American forest mammals: endemism and diversity in the Atlantic Forest. Biotropica, 32, 

872–881. 

Costa, L.P., Leite, Y.L.R. & Patton, J.L. (2003) Phylogeography and systematic notes on two 

species of gracile mouse opossums, genus Gracilinanus (Marsupialia: Didelphidae) from 

Brazil. Proceedings of the Biological Society of Washington, 116, 275–292.  

Cracraft, J. & Prum, R.O. (1988) Patterns and processes of diversification: speciation and 

historical congruence in some Neotropical birds. Evolution, 42, 603–620. 

da Silva, M.N.F. & Patton, J.L. (1998) Molecular phylogeography and the evolution and 

conservation of Amazonian mammals. Molecular Ecology, 7, 475–486. 

Douzery, E. & Randi, E. (1997) The mitochondrial control region of Cervidae: evolutionary 

patterns and phylogenetic content. Molecular Biology and Evolution, 14, 1154–1166. 

Drummond, A.J. & Rambaut, A. (2007) BEAST: Bayesian evolutionary analysis by sampling 

trees. BMC Evolutionary Biology, 7, 214. 

Drummond, A.J., Ho, S.Y.W., Phillips, M.J. & Rambaut, A. (2006) Relaxed phylogenetics and 

dating with confidence. PLOS Biology, 4, 699–710. 

Emmons, L.H. & Feer, F. (1997) Neotropical rainforest mammals, second edition. The 

University of Chicago Press, Chicago, p. 307. 

Fonseca, G.A.B., Herrmann, G. & Leite, Y.L.R. (1999) Macrogeography of Brazilian mammals. 

In: Eisenberg, J. & Redford, K.H. (Eds.), Mammals of the Neotropics: The Central 

Neotropics, Ecuador, Peru, Bolivia, Brazil. University of Chicago Press, Chicago, pp. 549–

563. 

Gardner, A.L. (2008) Mammals of South America, vol. 1. Marsupials, xenarthrans, shrews, and 

bats. Chicago University Press, Chicago, p. 669. 

Gascon, C., Malcolm, J.R., Patton, J.L., da Silva, M.N.F., Bogart, J.P., Lougheed, S.C., Peres, 

C.A., Neckel, S. & Boag, P.T. (2000) Riverine barriers and the geographic distribution of 

Amazonian species. Proceedings of the National Academy of Sciences, 97, 13672–13677.  

Gibbard, P.L., Head, M.J., Walker, M.J.C. & Subcommission on Quaternary Stratigraphy (2010) 

Formal ratification of the Quaternary System/Period and the Pleistocene Series/Epoch with a 

base at 2.58 Ma. Journal of Quaternary Science, 25, 96–102. 

Gutiérrez, E.E., Jansa, S.A. & Voss, R.S. (2010) Molecular systematic of mouse opossums 

(Didelphidae: Marmosa): Assessing species limits using mitochondrial DNA sequences, with 

comments on Phylogenetic relationships and biogeography. American Museum Novitates, 

3692, 1–22. 

Haffer, J. (2008) Hypotheses to explain the origin of species in Amazonia. Brazilian Journal of 

Biology, 68, 917–947. 



Phylogeography of six didelphid marsupials in centr al Brazil 

118 

Huchon, D., Delsuc, F., Catzeflis, F.M. & Douzery, E.J.P. (1999) Armadillos exhibit less genetic 

polymorphism in North America than in South America: nuclear and mitochondrial data 

confirm a founder effect in Dasypus novemcinctus (Xenarthra). Molecular Ecology, 8, 1743–

1748. 

Iriondo, M. & Latrubesse, E.M. (1994) A probable scenario for a dry climate in central Amazonia 

during the late Quaternary. Quaternary International, 21, 121–128. 

Johnson, M.A., Saraiva, P.M. & Coelho, D. (1999) The role of gallery forest in the distribution of 

Cerrado mammals. Revista Brasileira de Biologia, 59, 421–427. 

Kimura, M. (1980) A single method for estimating evolutionary rate of base substitutions through 

comparative studies of nucleotide sequences. Journal of Molecular Evolution, 16, 111–120. 

Lacher, T.E. & Alho, C.J.R. (2001) Terrestrial small mammal richness and habitat associations 

in an Amazon forest-Cerrado contact zone. Biotropica, 33, 171–181. 

Larizza, A., Pesole, G., Reyes, A., Sbisà, E. & Saccone, C. (2002) Lineage specificity of the 

evolutionary dynamics of the mtDNA d-loop region in rodents. Journal of Molecular 

Evolution, 54:145–155. 

Latrubesse, E.M. (2008) Patterns of anabranching channels: The ultimate end-member 

adjustment of mega rivers. Geomorphology, 101, 130–145. 

Ledru, M.P. (1993) Late Quaternary environmental and climatic changes in central Brazil. 

Quaternary Research, 39, 90–98. 

Ledru, M.P. (2002) Late Quaternary history and the evolution of the Cerrados as revealed by 

palynological records. In: Oliveira, P.A. & Marquis, R.J. (Eds.), The Cerrados of Brazil, 

ecology and natural history of a neotropical savanna. Columbia University Press, New York, 

pp. 33–50. 

Librado, P. & Rozas, J. (2009) DnaSP v5: A software for comprehensive analysis of DNA 

polymorphism data. Bioinformatics, 25, 1451–1452. 

López-Osorio, F. & Miranda-Esquivel, D.R. (2010) A phylogenetic approach to conserving 

Amazonian biodiversity. Conservation Biology, 24, 1359–1366. 

Mares, M.A., Braun, J.K. & Gettinger, D. (1989) Observations o the distribution and ecology of 

the mammals of the Cerrado grasslands of Central Brazil. Annals of Carnegie Museum, 58, 

1–60. 

Mares, M.A. & Ernest, K.A. (1995) Population and community ecology of small mammals in a 

gallery forest of Central Brazil. Journal of Mammalogy, 76, 750–768 

Mares, M.A., Ernest, K.A. & Gettinger, D.D. (1986) Small mammal community structure and 

composition in the Cerrado province of Central Brazil. Journal of Tropical Ecology, 2, 289–

300. 

Marinho-Filho, J., Rodrigues, F.H.G. & Juarez, K.M. (2002) The Cerrado mammals: diversity, 

ecology, and natural history. In: Oliveira, P.A. & Marquis, R.J. (Eds.), The Cerrados of Brazil, 

ecology and natural history of a neotropical savanna. Columbia University Press, New York, 

pp. 266–284.  



Chapter 4 

119 

Matocq, M.D., Patton, J.L. & da Silva, M.N. (2000) Population genetic structure of two 

ecologically distinct Amazonian spiny rats: separating history and current ecology. Evolution, 

54, 1423–1432. 

Miranda, G.B., Andrades-Miranda, J., Oliveira, L.F.B., Langguth, A. & Mattevi, M.S. (2007) 

Geographic patterns of genetic variation and conservation consequences in three South 

American rodents. Biochemical Genetics, 45, 839–856. 

Moritz, C., Patton, J.L., Schneider, C.J. & Smith, T.B. (2000) Diversification of Rainforest 

faunas: An integrated molecular approach. Annual Review of Ecology and Systematics, 31, 

533–563. 

Nicolas, V., Missoup, A.D., Denys, C., Peterhans, J.K., Katuala, P., Couloux, A. & Colyn, M. 

(2011) The roles of the rivers and Pleistocene refugia in shaping genetic diversity in 

Praomys misonnei in tropical Africa. Journal of Biogeography, 38, 191–207. 

Nilsson, M.A. (2009) The structure of the Australian and South American marsupial 

mitochondrial control region. Mitochondrial DNA, 20, 126–136. 

Nitikman, L.Z. & Mares, M.A. (1987) Ecology of small mammals in a gallery forest of Central 

Brazil. Annals of Carnegie Museum, 56, 75–95.  

Nunes, C., Ayres, J.M., Sampaio, I. & Schneider, H. (2006) Molecular discrimination of pouched 

four-eyed opossums from the Mamirarauá Reserve in the Brazilian Amazon. Genetics and 

Molecular Biology, 29, 283–286. 

Nylander, J.A.A. (2004) MrModeltest, version 2. Program distributed by the author. Evolutionary 

Biology Centre, Uppsala University, Sweden. 

Oliveira–Filho, A.T. & Ratter, J.A. (2002) Vegetation physiognomies and woody flora of the 

Cerrado biome. In: Oliveira, P.A. & Marquis, R.J. (Eds.), The Cerrados of Brazil, ecology and 

natural history of a neotropical savanna. Columbia University Press, New York, pp. 91–120. 

Patton, J.L. & Costa, L.P. (2003) Molecular phylogeography and species limits in rainforest 

didelphid marsupials of South America. In:  Jones, M., Dickman, C. & Archer M. (Eds), 

Predators with pouches the biology of carnivorous marsupials. CSIRO Publishing, 

Melbourne, pp. 63–81.  

Patton, J.L., dos Reis, S.F. & da Silva, M.N.F. (1996a) Relationships among didelphid 

marsupials based on sequence variation in the mitochondrial cytochrome b gene. Journal of 

Mammalian Evolution, 3, 3–29. 

Patton, J.L., da Silva, M.N.F. & Malcolm, J.R. (1994) Gene genealogy and differentiation among 

arboreal spiny rats (Rodentia: Echimyidae) of the Amazon basin: A test if the riverine barrier 

hypothesis. Evolution, 48, 1314–1323. 

Patton, J.L., da Silva, M.N.F. & Malcolm, J.R. (1996b) Hierarchical genetic structure and gene 

flow in three sympatric species of Amazonian rodents. Molecular Ecology, 5, 229–238. 

Patton, J.L., da Silva, M.N.F. & Malcolm, J.R. (2000) Mammals of the Rio Juruá and the 

evolutionary and ecological diversification of Amazonia. Bulletin of the American Museum of 

Natural History, 244, 1–306. 



Phylogeography of six didelphid marsupials in centr al Brazil 

120 

Por, F.D. (1992) Sooretama: the Atlantic rain forest of Brazil. SPB Academic Publishing, The 

Hague, p. 130. 

Ratter, J.A., Bridgewater, S.B. & Ribeiro, J.F. (2003) Analysis of the floristic composition of the 

Brazilian Cerrado vegetation III: comparison of the woody vegetation of 376 areas. 

Edinburgh Journal of Botany, 60, 57–109. 

Ratter, J.A., Ribeiro, J.F. & Bridgewater, S.B. (1997) The Brazilian Cerrado vegetation and 

threats to its biodiversity. Annals of Botany, 80, 223–230. 

Redford, K.H. & da Fonseca, G.A.B. (1986) The role of gallery forest in the zoogeography of the 

Cerrado’s non-volant mammalian fauna. Biotropica, 18, 126–135. 

Resende, H.C., Yotoko, K.S.C., Delabie, J.H.C., Costa, M.A., Campiolo, S., Tavares, M.G., 

Campos, L.A.O. & Fernandes-Salomão, T.M. (2010) Pliocene and Pleistocene events 

shaping the genetic diversity within the central corridor of Brazilian Atlantic Forest. Biological 

Journal of the Linnean Society, 101, 948–960. 

Rocha, R.G., Ferreira, E., Oliveira, B.M.A., Martins, I.C.M, Leite, Y.L.R., Costa, L.P. & Fonseca, 

C. (2011). Small mammals of the mid-Araguaia river in Central Brazil, with the description of 

a new species of climbing rat. Zootaxa, 2789, 1–34. 

Ronquist, F. (1997) Dispersal-vicariance analysis: a new approach to the quantification of 

historical biogeography. Systematic Biology, 46, 195–203. 

Ronquist, F. & Huelsenbeck, J.P. (2003) MrBayes 3: Bayesian phylogenetic inference under 

mixed models. Bioinformatics, 19, 1572–1574. 

Smith, M.F. & Patton, J.L. (1993) The diversification of South American murid rodents: evidence 

from mitochondrial DNA sequence data for the akodontine tribe. Biological Journal of the 

Linnean Society, 50, 149–177. 

Steiner, C. & Catzeflis, F.M. (2003) Mitochondrial diversity and morphological variation of 

Marmosa murina (Didelphidae) in French Guiana. Journal of Mammalogy, 84, 822–831. 

Steiner, C. & Catzeflis, F.M. (2004) Genetic variation and geographical structure of five moused-

sized opossums (Marsupialia, Didelphidae) throughout the Guiana Region. Journal of 

Biogeography, 31, 959–973. 

Steiner, C., Tilak, M., Douzery, E.J.P. & Catzeflis, F.M. (2005) New DNA data from a 

transthyretin nuclear intron suggest an Oligocene to Miocene diversification on living South 

America opossums (Marsupialia: Didelphidae). Molecular Phylogenetics and Evolution, 35, 

363–379. 

Tamura, K., Dudley, J., Nei, M. & Kumar, S. (2007) MEGA4: Molecular Evolutionary Genetics 

Analysis (MEGA) software version 4.0. Molecular Biology and Evolution, 24, 1596–1599. 

Voss, R.S. & Jansa, S.A. (2009) Phylogenetic relationships and classification of didelphid 

marsupials, an extant radiation of new world metatherian mammals. Bulletin of the American 

Museum of Natural History, 322, 1–177. 

Voss, R.S., Lunde, D.P. & Simmons, N.B. (2001) The mammals of Paracou, French Guiana: A 

neotropical lowland rainforest fauna part 2. Nonvolant species. Bulletin of the American 

Museum of Natural History, 263, 1–236. 



Chapter 4 

121 

Zhang, W., Zhang, Z., Shen, F., Hou, R., LV, X. & Bisong, Y. (2006) Highly conserved d-loop-

like nuclear mitochondrial sequences (Numts) in tiger (Panthera tigris). Journal of Genetics, 

85, 107–116. 

 

 

Appendix 

Gazetteer 

Decimal geographic coordinates (Longitude / Latitude) of 79 sampling localities. 

Localities are listed by country and Brazilian localities are separate by state 

(abbreviations in parentheses). Numbers correspond to the same numbered localities 

on maps and on Table 4.1. 

 

Venezuela: 1.  Aragua -67.54 / 10.07; 2. Amazonas -65.97 / 0.84. 

Guyana: 3.  Demerara -58.70 / 4.67; 4. Potaro-Siparuni -58.85 / 4.33; 5. Takutu -59.30 / 

3.75. 

Surinam: 6.  Brownsberg -54.98 / 5.00. 

French Guyana: 7.  Iracoubou -53.20 / 5.45; 8. Kourou -52.68 / 5.15; 9. Petit Saut -

53.05 / 5.07; 10. Paracou -52.69 / 5.07; 11. Macouria -52.41 / 4.89; 12. Cayenne -

52.37 / 4.88; 13. Trinité -53.37 / 4.62; 14. Nouragues -52.70 / 4.05. 

Peru: 15.  Huampami -78.17 / -4.47; 16. Gálvez -73.16 / -5.26; 17. Junín -73.64 / -

11.67. 

Bolivia: 18.  Santa Cruz -61.01 / -13.55; 19. Chuquisaca -63.22 / -20.75; 20. Tarija -

64.00 / -21.50. 

Brazil:  

Acre (AC): 21.  Ocidente -72.80 / -8.57; 22. Porongaba -72.78 / -8.67. 

Amazonas (AM): 23.  Santa Isabel -65.03 / -0.40; 24. Barcelos -62.97 / -1.00; 25. 

Macaco -62.12 / -2.08; 26. Colocação Vira-Volta -66.23 / -3.28; 27. Vai-Quem-

Quer -66.02 / -3.32; 28. Urucu -65.27 / -4.85; 29. Barro Vermelho -68.77 / -6.47; 

30. Altamira -68.90 / -6.58; 31. Seringal Condor -70.85 / -6.75; 32. Nova 

Empresa -70.73 / -6.80. 

Pará (PA): 33.  Canaã dos Carajás -50.38 / -6.37; 34. Goianésia do Pará -48.62 / -

3.71; 35. Novo Repartimento -50.09 / -4.11; 36. Santana do Araguaia -50.14 / -

9.63. 

Tocantins (TO): 37.  Caseara (1) -49.96 / -9.30; 38. Caseara (2) -49.98 / -9.37; 39. 

N Pium -50.09 / -9.47; 40. S Pium -50.03 / -9.98; 41. Lagoa da Confusão -49.70 

/ -10.87; 42. Peixe -48.64 / -11.84. 

Goiás (GO): 43.  Serra da Mesa -48.30 / -13.83; 44. Caldas Novas -48.50 / -18.00. 
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Mato Grosso (MT): 45.  Alta Floresta -55.93 / -9.60; 46. São José do Xingu -53.03 

/ -10.85; 47. Ribeirão Cascalheira -51.93 / -12.64; 48. Barra do Garças (1) -

52.37 / -15.58; 49. Barra do Garças (2) -52.36 / -15.63; 50. Poconé -56.95 / -

17.12. 

Mato Grosso do Sul (MS): 51.  Passo do Lontra -56.93 / -19.58; 52. Dourados -

55.32 / -22.35. 

Ceará (CE): 53.  Crato -39.45 / -7.28. 

Alagoas (AL): 54.  São José de Lajes -36.07 / -8.96. 

Bahia (BA): 55.  Andaraí -41.26 / -12.80; 56. Itamari -39.62 / -13.78; 57. Itacaré -

39.53 / -14.63; 58. Una -39.00 / -15.35; 59. Porto Seguro -39.08 / -16.43; 60. 

Caravelas -39.26 / -17.73; 61. Nova Viçosa -39.66 / -17.81. 

Minas Gerais (MG): 62.  Turmalina -42.77 / -17.13; 63. Nova Ponte (1) -47.73 / -

19.12; 64. Nova Ponte (2) -47.71 / -19.17; 65. Campolina -42.50 / -19670; 66. 

Marliéria -42.65 / -19.72; 67. Simonésia -42.00 / -20.13; 68. Lima Duarte -43.90 

/ -21.70. 

Espírito Santo (ES): 69.  Santa Teresa -40.37 / -19.83; 70. Vitória -40.35 / -20.35; 

71. Viana -40.44 / -20.39. 

Rio de Janeiro (RJ): 72.  Itatiaia -44.63 / -22.38; 73. Guapimirim -42.98 / -22.53. 

São Paulo (SP): 74.  Sorocaba -47.63 / -23.44; 75. Biritiba-Mirim -45.90 / -23.65; 

76. Sete Barras -48.08 / -24.22. 

Paraná (PR): 77.  Foz do Iguaçu (1) -54.53 / -25.42; 78. Foz do Iguaçu (2) -54.46 / 

-25.63; 79. Morretes -48.57 / -25.90. 
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5.1 – Small mammal diversity in the ecotone between  Cerrado and 

Amazonia 

The mammalian fauna living in the Cerrado, Amazonia and the Atlantic Forest are 

amongst the most speciose in Brazil. However, the rate of endemism is distinct 

between these biomes (Fonseca et al., 1999). While the Atlantic Forest and Amazonia 

are divided into highly endemic areas (e.g. Costa et al., 2000; Patton et al., 2000; 

Costa, 2003; López-Osorio & Miranda-Esquivel, 2010), the Cerrado is strongly 

influenced by the two adjacent rainforest biomes, the Atlantic Forest and Amazonia 

(Marinho-Filho et al., 2002). The rate of endemic mammal species of the Cerrado is 

low, and is mainly composed by inhabitants of open areas (Marinho-Filho et al., 2002). 

The gallery forests act as dispersal corridors and refuges to rainforest mammal species 

into Cerrado (Redford & Fonseca, 1986; Mares et al., 1986; Nitikman & Mares, 1987; 

Mares et al., 1989; Mares & Ernest, 1995; Johnson et al., 1999; Costa 2003). 

Additionally, the ecotonal area between Cerrado and Amazonia also contribute to the 

integration of the mammalian fauna, since species from both biomes co-occur in 

ecotones (see Chapter 2 of this thesis; Bonvicino et al., 1996; Lacher & Alho, 2001; 

Bezerra et al., 2009).  

Even though the low mammal endemism is a characteristic of the Cerrado, the 

lack of studies especially in the northern portion of this biome often mask the diversity 

of this area (Marinho-Filho et al., 2002). Table 5.1 summarizes the habitat distribution 

of the 22 species of small non-volant mammals reported to the mid-Araguaia River in 

central Brazil (Chapter 2). Among them a new species of Rhipidomys is described, an 

undescribed species of Thrichomys and a potentially new form of Oligoryzomys are 

recorded (Chapter 2), and an emended diagnosis and expanded distribution of the 

elusive Oecomys clebebi are given (Chapter 3). The species list presented here, which 

do not reached an asymptote (Chapter 2), illustrates that the level of endemism of 

small mammals in the Cerrado will continue to increase as long as extensive faunal 

assessments using a variety of methods will continued to be applied (Voss & Emmons, 

1996). 

 

 

5.2 – Diversification in the mid-Araguaia River bas in 

As was referred in Chapter 4, Patton et al. (2000) formulated three different hypotheses 

for riverine divergence, which included primary diversification, secondary contact and 

dispersal (see Chapter 4 and Patton et al., 2000 for further explanations). According to 

the results presented here, the mid-Araguaia River was both a primary diversification 
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area, in which the river formed a complete barrier, resulting in a reciprocal monophyly 

of sister clades from opposite banks, and/or an area where dispersal events occurred, 

revealed by ancestral relationships.   

 

Table 5.1 Summary of habitat distribution of small mammals of the mid-Araguaia River 

Upland Forest only Alluvial Forest only Both Forest s Grasslands 

Didelphidae 
Marmosa murina Caluromys philander Didelphis albiventris  
Metachirus 
nudicaudatus 

 Didelphis marsupialis  

  Gracilinanus agilis  
  Micoureus demerarae  
  Philander opossum  

Cricetidae 
Oecomys paricola Holochilus sciureus Hylaeamys 

megacephalus 
Calomys tocantinsi 

 Oecomys roberti Oecomys cleberi Necromys lasiurus 
 Oligoryzomys fornesi Rhipidomys ipukensis Oligoryzomys fornesi 
 Oligoryzomys sp.  Pseudoryzomys 

simplex 
Echimyidae 

Proechimys roberti  Makalata didelphoides Thrichomys sp. 

 

One sigmodontine rodent (Oecomys cleberi – Chapter 3) and three didelphid 

marsupials (Didelphis albiventris, D. marsupialis and Philander opossum canus – 

Chapter 4) revealed an extensive haplotype sharing across the mid-Araguaia River. A 

didelphid marsupial (Micoureus demerarae – Chapter 4) showed ancestral 

relationships, revealing that dispersal events from individuals from the western bank of 

the mid-Araguaia River to the eastern bank had occurred. Two sigmodontine rodents 

(Rhipidomys emiliae and R. ipukensis – Chapter 2) and a didelphid marsupial 

(Marmosa murina – Chapter 4) revealed to be primarily differentiated by river bank, 

showing sister clades on opposite riverbanks. Finally, another didelphid marsupial 

(Gracilinanus agilis – Chapter 4) did not revealed haplotype sharing across the river; 

however the two former patterns of differentiation could not be confirmed due to the 

great phylogeographic gap between our samples in central Brazil.  

The lack of congruence of population structure among species within the same 

river basin and between river basins is probably related with differences of the life 

history and the ecology of species, and also with differences of the river channel 

pattern. These two explanations were broadly discussed along the last three chapters 

and by several other authors (e.g. Gascon et al., 2000; Matocq et al., 2000; Moritz et 

al., 2000; Patton et al., 2000; Bates et al., 2004). General conclusions are that upland 

forest specialists, as M. murina, are more prone to exhibit riverine diversification than 
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generalist species that are common in upland and alluvial forests, as O. cleberi and D. 

marsupialis; and anabranching rivers, as the Araguaia River, seem to be stronger 

barriers to gene flow of several species than meandering rivers, as the Juruá River, 

which may relocate populations of adjacent lineages onto opposite banks due to its 

meander dynamics.  

 

 

5.3 – Evolutionary diversification and conservation  of central Brazil 

The previous topic was dedicated only to the discussion of the riverine model of 

diversification applied to the mid-Araguaia River, which despite of being one of the 

most important drainage systems of the Cerrado it has been poorly studied (Latrubesse 

& Stevaux, 2002). However, other models of diversification can be discussed to the 

small mammal fauna from central Brazil. 

Intraspecific and interspecific relationships of small mammals from central Brazil 

obtained throughout this work are summarized in table 5.2.  Results obtained here 

indicate that central Brazil has affinities both with the Atlantic Forest and Amazonia, 

which corroborates Costa (2003), arguing that this area is complementary to both 

adjacent forested biomes. Thus samples from central Brazil should always be included 

in evolutionary analyses of lowland rainforest faunas (Costa 2003). Indeed, Almeida et 

al. (2007) showed that the inclusion of Brazilian specimens of Calomys, mainly from 

central Brazil, revealed that diversification patterns of this genus were more complex 

than previously thought. 

 

Table 5.2  Intraspecific (○) and interspecific (●) relationships of small non-volant mammals from 

central Brazil 

 Central Brazil 

Taxa Sister to the Atlantic Forest Sister to Amazonia 

Didelphis marsupialis* ● (D. aurita) ○ 

Marmosa murina ○ ● (M. macrotarsus) 

Micoureus demerarae  ● (M. constantiae) 

Oecomys cleberi **  ● (O. roberti) 

Oligoryzomys sp.**  ● (O. microtis) 

Rhipidomys ipukensis**  

+ R. emiliae** 

● (R. mastacalis)  

*absent from Atlantic Forest; **occurring in central Brazil only 
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A phylogenetic prediction of the Gradient model of diversification is that sister 

species are usually related with adjacent but distinct habitats instead of the same 

habitat (e.g. Moritz et al., 2000, Smith et al., 2005). This prediction is also shared by 

the vanishing refuge model (Vanzolini & Williams, 1981; Moritz et al., 2000), which is 

used to explain the diversification of the “large-bodied” clade of Calomys (Almeida et 

al., 2007). The previous authors noted a tendency towards a habitat shift from open 

habitats to forest or ecotones, and suggested that ecotones may be an important 

mechanism in the diversification of Calomys species. Miranda et al. (2007) also 

suggested that the genetic diversity observed between the two closest clades within 

Hylaeamys megacephalus (southern Amazon and Cerrado) could be a result of a 

parapatric divergence, since they represent areas of strong ecological transition. In the 

ecotone between Amazonia and Cerrado, two species of Oligoryzomys were captured 

(Chapter 2). The complete phylogeny of Oligoryzomys, which is essential to warrant 

that sister groups are authentic, and the clarification of the taxonomic status of the 

potentially new form of Oligoryzomys, were not possible based on our data. 

Nonetheless, our phylogenetic analyses supported both species monophyly and the 

sister-group relationship, which revealed that the Oligoryzomys sp. is sister to O. 

microtis that occur in the Amazonia (Chapter 2; Table 5.2), rather than O. fornesi that 

also occur in the ecotone and in the Cerrado. This sister species relationship seem to 

be consistent with the prediction of the gradient model, although additional sampling 

and analyses are necessary to confirm it. Miranda et al. (2009) observed a north-to-

south gradient of dispersal of Oligoryzomys throughout South America from the 

northern Andes, Amazonia and Cerrado and latter southern regions; and Palma et al. 

(2010) agreed that Amazonia and Cerrado must be the ancestral area of the radiation 

of this genus.  

Phylogenetic predictions of the Refugia model of diversification are that 

allopatric fragmentation is coincident with the location of potential refuges, which are 

areas with high diversity; on the other hand, non refugia areas are represented by a 

genetic signature of demographic expansion (Hewitt, 1996; Nicolas et al., 2010). In this 

work, genetic diversity of small mammals in central Brazil was assessed using two 

molecular markers for a sigmodontine rodent (Chapter 3) and for six didelphid 

marsupials (Chapter 4). All these small mammals revealed a genetic signature of rapid 

population growth from an ancestral population with small effective size. Fonseca et al. 

(1999) suggested that under numerous expansions and contractions of forests, 

mammal populations may have suffered demographic stress and probably several 

demographic bottlenecks would occurred during these cycles. Therefore, we suppose 

that the genetic signature of rapid population expansion in central Brazil is probably 
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related with the vegetation shifts occurred during the Pleistocene and preceding 

geological periods (Ledru, 1993; Ledru, 2002). High diversity within M. demerarae 

(Chapter 4) and a potentially new species of Micoureus (Costa, 2003) were recorded in 

the northern Pará, which reveal the importance of this region to the diversification of 

this genus. Palynological records of the Serra dos Carajás revealed that this region 

went through several alternating periods dominated by arboreal and herbaceous 

savanna vegetation (Iriondo & Latrubesse, 1994; Behling et al., 2010). Additionally, the 

hilly region to the south of the mouth of the Amazon River was presumably covered by 

large humid forest areas – Belém refuge (Haffer, 2008). Phylogeographic analyses of 

O. cleberi (Chapter 3), D. albiventris and G. agilis (Chapter 4) revealed haplogroups 

that split the Cerrado into distinct geographical areas. Results of the former species 

split the Araguaia floodplain into northern and southern portions (Chapter 3). 

Palynological analyses indicate that Lagoa da Confusão, state of Tocantins, 

exchanged from savanna vegetation in Pleistocene to forest in Holocene, which led to 

stronger representation of gallery forest during this period (Behling et al., 2010). Under 

this scenario, populations of O. cleberi from the northern and southern portions of the 

Araguaia and Tocantins basins would have been isolated during drier periods, and later 

expanded throughout gallery forests and formed secondary contact zones. The split 

revealed by phylogeographic analyses of D. albiventris and G. agilis represent the 

northern and southern portions of the Cerrado (Chapter 4). Even though this split is not 

congruent among species and with the limits of the seven geographical groups within 

the Cerrado proposed by Ratter et al. (2003), the time that they occurred is concordant 

with vegetation shifts occurred during the Pleistocene (Ledru, 1993).  

Table 5.3 summarize the phylogeographic predictions of Riverine Barrier, 

Gradient and Refugia models (sensu Antonelli et al., 2010) and evidences of those 

models from phylogeographic analyses of small mammals from central Brazil, 

especially those obtained during this work and detailed above. As previously referred 

by other authors models of diversification are not mutually exclusive (e.g. Patton et al., 

1994; Costa, 2003). Noonan and Wray (2006) suggest that the great diversity within 

the poison frog Dendrobates is a result of multiple factors, including influences by river, 

refuge, disturbance-vicariance, and gradient/vanishing refuge hypotheses. These 

authors also agree that Amazonia speciation is very complex and its attribution to a 

single hypothesis will certainly be oversimplified. Phylogeographical patterns observed 

in central Brazil seem to support both vicariant and dispersal events shaping the 

distribution of small mammal populations. The lack of congruence in the species 

response to barriers and/or ecological gradients has been argued as related with the 
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differences in ecology and life history of the species (Chapter 3; Chapter 4; Matocq et 

al., 2000). 

 

Table 5.3 Summary of proposed models of diversification and phylogeographic evidences from 

small mammals in central Brazil 

Model  Description  Phylogeographic 

predictions  

Evidences of small mammals from 

central Brazil 

Riverine 

barrier 

Allopatric 

diversification 

due to the river 

acting as barrier 

to gene flow 

Reciprocal 

monophyly or 

paraphyletic 

relationships on 

opposite river banks  

Sister species of Rhipidomys (R. 

ipukensis and R. emiliae – Chapter 2) 

and sister clades of M. murina (Chapter 

4) associated to opposite riverbanks; 

ancestors of M. demerarae from the 

eastern bank located in the western 

bank of the Araguaia River (Chapter 4).  

Gradient Parapatric 

diversification 

due to ecological 

gradient 

Sister taxa found in 

different habitats 

along same gradient 

Sister species of Oligoryzomys (O. sp. 

and O. microtis) associated to the 

ecotonal area and Amazonia (Chapter 

2); diversification of the “large-bodied” 

clade of Calomys  throughout a habitat 

shift from open habitats to forest or 

ecotones (Almeida et al., 2007); 

diversification of Oligoryzomys 

associated to a north-to-south gradient 

of dispersal (Miranda et al., 2009); 

genetic diversity of H. megacephalus 

associated to the ecological transition 

between southern Amazon and 

Cerrado (Miranda et al., 2007). 

Refugia Allopatric 

diversification 

due to isolation in 

forest fragments 

Species distribution 

and/or haplotype 

clades centred on 

postulated refugia, 

which are areas with 

high genetic diversity 

High diversity within M. demerarae 

(Chapter 4) and a potentially new 

species of Micoureus (Costa, 2003) 

were recorded in northern Pará; 

intraspecific divergences observed to 

O. cleberi (Chapter 3), G. agilis and D. 

albiventris (Chapter 4) are probably 

related to population isolation during 

the climatic cycles. 

 

 



Chapter 5 

131 

The ecotonal area between Cerrado and Amazonia revealed to be an 

interesting area to test models of diversification, and despite the fact that the middle 

Araguaia basin has been considered a priority area for conservation (Cavalcanti & Joly, 

2002), this area is still highly threatened by the intensive land-use and high rate of 

deforestation (Morton et al., 2006). The conservation of these ecosystems, and 

therefore the preservation of part of the evolutionary history of lowland fauna and floras 

that we still can’t understand, depends on the maintenance and the creation of new 

protected areas (Moritz, 2002), especially in the ecotone between the Cerrado and 

Amazonia. 

 

 

5.4 – Further perspectives 

The lack of inventories and proper collections of voucher specimens are the principal 

reasons of our poor knowledge of the Neotropical faunas (Voss & Emmons, 1996; 

Costa et al., 2005). Therefore, intensive field work in these areas will continue to enrich 

museums to further systematic studies. As examples, more samples are needed to 

clarify the taxonomy status of Oligoryzomys sp., to describe Thrichomys sp., and also 

to revalidate the conservation status of Oecomys cleberi. 

Our understanding of the evolutionary history of central Brazil is still inadequate. 

Thus proper sampling effort will also help to address new phylogeographic studies to 

understanding ecological and historical events that shaped the fauna of central Brazil. 

Namely to clarify the fine-scale geographic structure within the Cerrado; to better 

understand the role of the ecotone between Cerrado and Amazonia in generating 

diversity; to test if Araguaia River constitutes a geographic barrier to other species; and 

also to test if other anabranching rivers from central Brazil constitute biogeographic 

barriers. Therefore, answering these questions will be essential to establish a more 

effective conservation model in which the current biodiversity and processes that have 

leaded and maintained this diversity will be preserved (Margules & Pressey, 2000; 

Moritz, 2002). 

In closing this thesis and paraphrasing Patton et al. (2000), we are only now 

beginning to appreciate the diversity of Neotropical small mammals and unfortunately 

this achievement arrives when the ecosystems are been highly threatened with human 

exploitation. Nevertheless, we hope to have contributed to highlight the need of 

conversation of central Brazil and the understanding of its processes of diversification; 

furthermore to encourage future studies to improve the results presented here. 
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