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1. INTRODUCTION







1. INTRODUCTION

THE GENUS MONODELPHIS

The short-tailed opossums of the genus Monodelphis Burnett, 1830 are small-
bodied marsupials which inhabit the Brazilian Atlantic, Amazonian, Andean, and
Gallery forests, and the Pampas, Chaco, Pantanal, Cerrado, Caatinga, and Llanos
habitats. Found at an altitudinal range of up to 2200 m, their distribution spans most
of South America, from southwestern Panama to east Argentina (Figure 1.1). They
are omnivorous, but mainly carnivorous and insectivorous, terrestrial and semi-
fossorial, presenting diurnal to nocturnal habits (Anderson 1997; Aprile &
Schneider 2008; Bergallo & Cerqueira 1994; Cabrera & Yepes 1940; Cuervo et al.
1986; Emmons 1997; Gonzalez 1996; Lim et al. 2010; Linares 1998; O’Connell
1979; O’Connell 1989; Pérez-Hernandez et al. 1994; Pine et al. 1985; Pine &
Handley 2007; Redford & da Fonseca 1986; Redford & Eisenberg 1992a; Redford
& Eisenberg 1992b; Robinson & Redford 1986; Salazar et al. 1994; Solari 2007;
Streilein 1982; Vargas M. et al. 2003; among others). All karyotyped Monodelphis
species have diploid counts of 18 chromossomes (Patton et al. 2000; Carvalho et al.
2002), as opposed to most didelphids which present either the most widespread 2n
= 14, or 2n = 22 (Reigh & Bianchi 1969, Reig et al. 1977, Merry et al. 1983,
Langguth & Lima 1988, Palma & Yates 1996, Carvalho et al. 2002). Of the twenty
species listed in the IUCN Red List of Threatened Species, M. unistriata is
classified into the Critically Endangered Status, M. handleyi into the Near
Threatened Status, M. reigi and M. umbristriata into the Vulnerable Status, while
the data is deficient for M. iheringi, M. maraxina, M. rubida, and M. theresa. Seven
species are considered of decreasing population trend (i.e. M. americana, M.
iheringi, M. maraxina, M. rubida, M. scalops, M. theresa, and M. umbistriata),
while eight of population trend unknown (i.e. M. brevicaudata, M. emiliae, M.
glirina, M. handleyi, M. osgoodi, M. palliolata, M. reigi, M. unistriata) (IUCN
2014). One species, M. domestica, has become a common laboratory research

subject.



Despite the widespread South American distribution and the amplitude of
habitats and microhabitats used by these short-tailed opossums and the attempts to
understand the diversity within the genus, several species are not yet unequivocally
defined and both the taxonomy and the evolutionary history of Monodelphis remain

obscure.

Tk i prass temmitin.

[
Mantane grasshends

Figure 1.1. Distribution of Monodelphis species and species groups, and type localities. ad
= adusta, am = americana, bre = brevicaudata, di = dimidiata, do = domestica, em =
emiliae, gl = glirina, ih = iheringi, ku = kunsi, or = orinoci, os = osgoodi, pa = palliolata, ru
= rubida. sc = scalops, so = sorex, th = theresa.
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TAXONOMY OF THE GENUS MONODELPHIS

Monodelphis is one of the most speciose genera of the family Didelphidae,
with a diversity that ranges from 20 (Pine & Handley 2007) to over 30 species
(Table 1.2) (Pine 1976; Pine et al. 1985; Gomes 1991; Redford & Eisenberg 1992a,
1992b; Lange & Jablonski 1998; Ventura ef al. 1998; Ventura et al. 2005; Lemos et
al. 2000; Voss et al. 2001; Lew & Pérez-Hernandez 2004 ("2003"); Solari 2004;
Solari 2007). In addition, Gomes (1991) proposed three undescribed species and
Pine & Handley (2007) acknowledged five more. Most taxonomic reviews of the
genus have been limited to one or a few species only (Pine 1976, 1977, 1979; Pine
& Abravaya 1978; Pine & Handley 1984; Pine ef al. 1985; Ventura et al. 1998;
Lemos et al. 2000; Voss et al. 2001, Solari 2004). Gomes (1991) carried out the
most comprehensive morphologic study to date and a review of the genus, based
primarily on morphometric data, but also including qualitative pelage and cranial
comparisons. However his interpretations of species identifications have been
considered very unusual to most other authors, and even discarded altogether (e.g.
Pine & Handley 2007, Solari 2010). Pine & Handley (2007) provided the latest
most comprehensive taxonomic, ecological and life history review of the genus at
the species level. Solari (2010) proposed two alternative taxonomies for the genus:
a conservative one in which Monodelphis (sensu lato) stands as the sole generic
name with the eight species groups resulting from his DNA analysis (adusta,
americana, brevicaudata, dimidiata, emiliae, kunsi, theresa, and one unnamed
species group) remaining without formal taxon names, or each species group as a
subgenus. Finally, a proper designation of voucher specimens for some type
descriptions is in need, for exemple that of M. americana Miiller 1776 (Thomas

1888b), and of the type species of the genus (Pine & Handley 2007).
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of Monodelphis species

Description

1 M. adusta Thomas, O., 1897. Pine & Hendley (2007)

2 M. amazonica Gomes (1991)

3 M. americana Miiller, 1776. Pine & Hendley (2007)

4 M. brevicaudata Erxleben, 1777. Pine & Hendley (2007)

5 M. brevicaudis Olfers, 1818. Lange & Jablonski (1998)"*

6 M. dimidiata Wagner, J. A., 1847. Pine & Hendley (2007)

7 M. domestica Wagner, J. A., 1842. Pine & Hendley (2007)

8 M. emiliae Thomas, O., 1912. Pine & Hendley (2007)

9 M. fosteri Thomas, O., 1924. Pine et al. (1985)1

10 M. gardneri Solari et al. 2012

11 M. glirina Wagner, J. A., 1842. Pine & Hendley (2007)

12 M. handleyi Solari, S. 2007. Solari (2010)

13 M. henseli Thomas, O., 1888. Redford & Eisenberg (1992b)

14 M. iheringi Thomas, O., 1888. Pine & Hendley (2007)

15 M. kunsi Pine, R.H., 1975. Pine & Hendley (2007)

16 M. macae Gomes (1991)°

17 M. maraxina Thomas, O.,1923. Pine & Hendley (2007)

18 M. melanops Goldman Solari (2007) tentatively

19 M. obscura Gomes (1991)

20 M. orinoci Thomas, O., 1899. Ventura et al. (2005)1

21 M. osgoodi Doutt, 1938. Pine & Hendley (2007)

22 M. palliolata Osgood, 1914. Pine & Hendley (2007)

23 M. peruviana Osgood Solari (2007)

24 M. reigi Lew & Pérez-Hernandez, Pine & Hendley (2007)
2004.

25 M. ronaldi Solari, S., 2004. Pine & Hendley (2007)

26 M. rubida Thomas, O., 1899. Pine & Hendley (2007)

27 M. scalops Thomas, O., 1888. Pine & Hendley (2007)

28 M. sorex Hensel, 1872. Pine & Hendley (2007)

29 M. species A Pine & Hendley (2007)

30 M. species B Pine & Hendley (2007)

31 M. species C Pine & Hendley (2007)

32 M. species D Pine & Hendley (2007)*

33 M. species E Pine & Hendley (2007)

34 M. theresa Thomas, O., 1921. Pine & Hendley (2007)

35 M. touan Shaw, G., 1800. Redford & Eisenberg (1992b),

Lim et al. (2010) tentatively'
36 M. umbristriata Miranda-Ribeiro, A., 1936. Pine & Hendley (2007)
37 M. unistriata Wagner, J.A., 1842. Pine et al. (2013)

1. Put into synonimy by Pine & Handley (2007).
2. Nomen oblitum (Hershkovitz, 1959)

3. Nomen nudum (Solari, 2010)

4. Put into synonimy by Solari (2010).
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SYSTEMATICS OF THE GENUS MONODELPHIS

Monophyly

Monophyly of the genus Monodelphis is corroborated by cytochrome b
sequences analises (Lim ef al. 2010), combined Irbp sequences and morphological
character analysis (Jansa & Voss 2000, Voss & Jansa 2003), combined (Irbp +
Dmpl + morphologic) data analyses (Jansa & Voss 2005, Jansa et al. 2006),
combined (Irbp + Dmpl + RAG1 + BRCA1 + vWF + morphologic) analysis (Voss
& Jansa 2009), and postcranial morphological character analysis (Flores 2009).
However, results of the molecular phylogenetic analysis of mitochondrial
cytochrome b sequence variation in Solari (2010) questioned the monophyly of
Monodelphis. He used Glironia, Didelphis, Philander, Tlacuatzin, Marmosa and
Micoureus as outgroups, and the latter two appeared nested within Monodelphis.
Wible (2003) listed four osteological characters distinguishing Monodelphis
specimens from the Carnegie Museum — CM from the didelphid Didelphis
albiventris, the dasyurid Dasyurus maculatus, the early Paleocene metatherian
Pucadelphys andinus, and the Late Cretaceous eutherian Zalambdalestes lechei, one
of which pertaining to the basicranium (a small foramen in the posteroventral base

of the orbitosphenoid (in 31 of 42 CM Monodelphis).

Sister group

Many have been the attempts to uncover interspecific relationships as well as
affinities between Monodelphis and other taxa. The first phylogenetic analysis of
opossumlike marsupials (Reig ef al. 1985) allowed the restriction of Monodelphis to
the tribe Marmosini, proposing affinities with Lestodelphis, Marmosa, Micoureus
and Thylamys, based on morphologic as well as cytogenetic and molecular data.
Gracilinanus, Thylamys, and Lestodelphys appear as a sister clade to Monodelphis
in Reig et al. (1987) based on morphology, serology, and karyotype, and the latter

two taxa in Creighton (1984) based mainly on soft and hard anatomy. Without a

13



phylogenetic framework, Hershkovitz (1992) erected the monotypic subfamily
Monodelphinae within the family Marmosidae, adding Metachirus, Marmosops and
Gracilinanus to Reig et al. (1985)’s list of closely related taxa. Based on their
research on DNA-DNA hybridization, Kirsch & Palma (1995) proposed the
monotypic tribe Monodelphini within the subfamily Marmosinae, restricting the
affinities of Monodelphis to Marmosa and Micoureus. Marmosa and Micoureus
also resulted as the sister-clade to Monodelphis in analyses based on cytochrome b
gene sequences and amino acid sequences of the cytochrome b gene (Patton ef al.
1996). In the classification including fossil taxa put forward by McKenna & Bell
(1997), the new subtribe Monodelphina of the tribe Monodelphini within the
subfamy Didelphinae is composed of Marmosa, Gracilinanus, Monodelphis,
Thylamys, Lestodelphis, Micoureus and the fossil Thylatheridium. Analysis of Irbp
gene sequences (Jansa & Voss 2000) also yielded Marmosa and Micoureus as the
sistergroups to Monodelphis. Though with weak support, parsimony analysis of the
combining molecular sequence data of the Irbp and of the dentin matrix protein 1
gene (Dmpl) to morphologic data (Jansa & Voss 2005) resulted in Tlacuatzin
canescens as the new sister taxon to Monodelphis, followed by a clade composed of
Micoureus and Marmosa. Analysis based on Irbp only, however, placed
Monodelphis in a politomy. In, Steiner et al. (2005), Marmosa and Micoureus
resulted the sister groups of Monodelphis based on 12S rDNA, TTR, IRBP, and on
the total evidence bayesian analysis. Cyt-b gene analysis, however, placed M.
brevicaudata in a tricotomy with two clades, one of the large and another of the
small didelphid marsupials. Tlacuatzin and Chacodelphis were not included in the
analysis. In their latest Didelphid synthesis, Voss & Jansa’s (2009) combined
dataset of 5 nuclear gene and morphology yielded alternately Marmosa and
Tlacuatzin as sister groups of Monodelphis. When including postcranial characters
to previous nonmolecular hypotheses (Flores 2009), Monodelphis appears as sister
to the large 2n = 22 opossums (i.e. Metachirus, Chironectes, Lutreolina, Philander

and Didelphis), even though with low support.

14



Phylogenetic relationships

The genus has historically been subdivided into more than one genera,
subgenera, tribe and species group (Burmeister 1856, Thomas 1888, Matschie 1916,
Cabrera 1919 and 1958, Gilmore 1941, Pine 1976, Gomes 1991, Solari 2007 and
2010). Table 3 summarizes the species affinities proposed to date, with species
groups composition presented, when possible, in the same order to facilitate
comparisons among the Monodelphis species. Taxonomic rank is indicated when
available. Thomas (1888) ranked Monodelphis as a subgenus of Didelphis.
Matschie (1916) proposed the new subgenus Monodelphiops for a single species,
M. sorex, distinct from the 18 Monodelphis species considered valid then; aside
from restricting M. americana, M. unistriata and M. iheringi to the subgenus
Microdelphys Burmeister 1856. Cabrera (1919) raised Peramys (synonim of
Monodelphis) to the generic status with 12 species and proposed a new genus,
Minuania, containing M. dimidiata, both within the family Didelphidae. Later,
Cabrera (1958) changed the status of both Minuania and Monodelphis to subgenera
of the genus Monodelphis. Gomes (1991) suggested several interspecific affinities
based on morphologic and morphometric studies, but lacking a formal phylogenetic
analysis. His allocations of species to species groups have been questioned, as well
as his species identifications (Pine & Handley 2007, Solari 2010).

Hypotheses of phylogenetic relationships within the genus have been put
forward only recently, based mainly on molecular data. The first molecular surveys,
based both on mitochondrial DNA and nuclear Interphotoreceptor Retinoid Binding
Protein (Irbp) gene sequences, included only a few species of Monodelphis, and did
not yield any systematic resolution (Patton & Costa 2003; Voss & Jansa 2003;
Jansa & Voss 2005; Jansa et al. 2006). In Vidigal’s unpublished master thesis
(2004), a cladistic analysis of basicranial and pelage characters, including 15
species, yielded two clades, one containing M. adusta, M. osgoodi and M. kunsi and
the other uniting M. scalops and M. emiliae to the striped species of Monodelphis.
Based on cytochrome b (cytb) sequences, Steiner & Catzeflis (2004) included 6

Monodelphis species in a phylogenetic analysis to assess genetic and geograhical
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structure of M. brevicaudata in the Guiana Region. Their results confirmed the
distinction as well as close relationship between M. brevicaudata and M. glirina.
Despite not commented by the authors, their maximum parsimony tree showed M.
adusta and M. scalops as sister species. The molecular mitochondrial DNA survey
presented in Solari (2007), supported the monophyly of the M. adusta species
complex, based on a sample of 4 species. In another molecular phylogenetic
analysis of mitochondrial cytochrome b sequence variation, Lim et al. (2010)
studied the systematic relationships of M. reigi with 11 other species of
Monodelphis. The systematics of the M. adusta species complex, including M.
reigi, was resolved and well supported. A sister group relationship between three
members of the M. brevicaudata complex and M. domestica was also well
supported. Also using cytb sequences, Solari (2010) presented the broadest
molecular systematic review of the genus, including 17 species. The consensus
maximum parsimony tree recovered 8 major lineages (brevicaudata group, adusta
group, dimidiata group, theresa group, emiliae group, kunsi group, americana
group, and ‘species C’ group), though relationships among them are unresolved.
After reviewing the taxonomy of Monodelphis, Solari (2010) proposed two
alternative taxonomies for the genus: a conservative one in which Monodelphis
(sensu lato) stands as the sole generic name with the eight species groups without

formal taxon names, or each species group as a subgenus.

BASICRANIAL ANATOMY

The basicranium is the region of the skull against which the brain rests. It is
particularly complex because it serves as passageway to a significant number of
central nervous system and head vascular system outlets, houses the auditory
system, and provides attachment areas for muscles and ligaments related to these
systems and to the masticatory apparatus (Archer 1976; Wible 1987, 1990, 2003;
Clark & Smith 1993; Smith 1994; Wible & Hopson 1995). Many aspects of these

systems can be reconstructed based on the presence or absence of foramina, sulci,
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and ridges; on impressions left on bone surfaces; and on the mosaic of shapes
produced by the constituent basicranial bones (Rougier ef al. 1992; Wible 1987,
1990; Wible & Hopson 1995).

The main bones which comprise the marsupial basicranium are: the
alisphenoid, the basisphenoid, the basioccipital, the exoccipital, the squamosal, the
petrosal, the ectotympanic, and the ear ossicles (the malleus, the incus, and the
stapes) (Figure 1.3). Some of these bones are involved in very intricate functional
processes. This is the case of those involved in hearing, which in Didelphimorphia
are the alisphenoid, ectotympanic, and petrosal, forming a tripartite auditory bulla,
and the ear ossicles (Reig et al. 1987; Wible 1990, 2003). The petrosal is a
particularly complex compact bone. It houses the inner ear and provides attachment
area for muscles and ligaments of the middle ear. The degree of development
reached by the alisphenoid tympanic process, the rostral tympanic process of the
petrosal, and the ectotympanic in adults determines the degree to which the floor of
the tripartite bulla is ossified and inflated in marsupials (Reig et al. 1987; Wible
2003).

Wible (2003) provided one of the few detailed, well-illustrated treatments of

the didelphid skull through a very comprehensive description of the basicranium of

§

Figure 1.3. Main bones comprising the didelphid basicranium.



M. brevicaudata, a comparison to other Monodelphis species, a discussion of the
major cranial foramina, their contents, and the variations encountered and a revision
of anatomical terminology and proposal of standardization. His work is here used as

an anatomic bone-by-bone reference.

BASICRANIAL ANATOMY IN SYSTEMATICS

The evolutionary history of mammals, including Metatheria, has been
reconstructed, in part, based on a great number of basicranial characters (e.g.
Mammalia: Novacek 1989; Wible 1991; Wible & Hopson 1993; Theria: Wible
1990; Eutheria: Gaudin et al. 1996; Monotremata: Macrini et. al. 2006; Pholidota:
Gaudin & Wible 1999; Primates and Insectivora: MacPhee 1981). The osteology of
the basicranium and the auditory region has also been utilized to estimate the
evolution of the vascular and neural systems based on shape, foramina, and surface
impressions on bones (MacPhee et al. 1988; Rougier et al. 1992). Within
Metatheria, basicranial morphology has been useful in determining phylogenetic
relationships in Didelphimorphia (Reig et al. 1987, Voss & Jansa 2009),
carnivorous marsupials (Archer 1976), and Phalangeriformes (Norris 1994).

Basicranial anatomy has not as often been surveyed comparatively at lower
taxonomic levels. However, the basicranial complex has been shown to be
informative at this level as well. For instance, Gardner & Emmons (1984) divided
the genus Proechimys into four species groups based on bulla septae patterns. Salles
(1992) found support for the monophyly of Felidae and diagnostic autapomorphies
for felid species based on a 44 character matrix which included 11 basicranial
transformation series. Norris (1994) uncovered 15 petrosal characters, yielding a
cladogram for the Phalangeridae. Gaudin & Wible (1999) searched the auditory
region of living and extinct Pholidota (Manis and Patiomanis) to understand the
evolution of the entotympanic in this group, optimizing the distribution of this
structure in a cladogram which included 15 basicranial transformation series of 67
cranial characters. Voss & Jansa (2009) revised and proposed a new classification

for the new world marsupials based on their combined DNA and morphological
18



phylogenetic analysis, including 11 basicranial characters.

Systematic research on the genus Monodelphis has focused on external body
and cranial morphology, yet the scope of the latter has been mainly limited to the
overall shape of the skull (Thomas 1899, 1921; Doutt 1938; Pine 1975, 1976, 1977;
Anderson 1982; Pine & Handley 1984; Pine et al. 1985; Gomes 1991; Hershkovitz
1992; Ventura et al. 1998; Lemos et al. 2000). More detailed studies of basicranial
anatomy concern a few species only (Voss & Jansa 2009; Solari 2007). In his
systematic study of marsupicarnivores, Archer (1976) provided a revision of
publications dating as early as the 1800s on mammalian basicranial anatomy and
nomenclature and included his own identifications of homologous structures based
on comparison with mammal-like reptiles and latex injection experiments. Included
in his study is a detailed characterization of the basicranial anatomy of a specimen
of M. dimidiata. Reig et al. (1987) used six basicranial and auditory region
characters, in addition to 39 other morphologic and serologic traits, to estimate
phylogenetic relationships of fossil and extant didelphimorphs. Their study included
an intergeneric analysis within Didelphidae and the description of some aspects of
the tripartite bulla in M. domestica. In his unpublished master’s thesis, Gomes
(1991) carried out the first detailed comparative morphological survey of the genus,
in which he reported a few basicranial anatomical variations for the six
Monodelphis species groups he proposed, including some interspecific
comparisons. Hershkovitz (1992) described additional characteristics of the
auditory bulla based on M. domestica, M. palliolata and M. brevicaudata touan.
Goémez (1998) characterized aspects of the basicranial morphology in M.
brevicaudata, M. orinoci, and M. dimidiata. Goin and Rey (1997) proposed the
tribe Monodelphini as the sister group to Marmosini, including an ectotympanic
character to distinguish both groups. Wible (2003) provided a thorough
characterization of the basicranium of M. brevicaudata, with observations on M.
dimidiata, M. domestica, and M. osgoodi, and a revision and standardization of
marsupial basicranial nomenclature. Finally, the analysis of Voss & Jansa (2009)

yielded a basicranial autopomorphy to M. theresa, and one to M. emiliae.
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2. OBJECTIVES

The present research is an expanded fine scale search for intraspecifically and
interspecifically basicranial anatomy variation in representatives of 8 Monodelphis

species groups and 21 species to fulfill the following objectives:

1. Contribute to the field of morphology by providing detailed

characterizations of the basicranial anatomical variations found

2. Deepen the understanding of Monodelphis’ anatomy by comparing and

contrasting the basicranial variations reported to previous studies

3. Provide an insight into the evolutionary history of the genus by generating

a systematic hypothesis based on a cladistic analysis of basicranial characters.
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3. MATERIALS AND METHODS

STUDY OF THE BASICRANIAL ANATOMY AND NOMENCLATURE

Identification of primary homology hypotheses, that is, those based on
congruent topology (Rieppel 1988, de Pinna 1991), in basicranial structures relied
on the detailed descriptions of topological relationships and reconstructions of the
basicranial osteological, vascular and neurological anatomy of extant and extinct
marsupials in Archer (1976), Wible (1987, 1990, 2003), and Wible & Hopson
(1995), and on the ontogenetic characterizations on M. domestica of Maier (1987)
and Clark & Smith (1993). Incus and malleus were not examined. Terminology
used to describe morphological variation observed on basicranial structures

followed Wible (2003), except that on stapes which followed Henson (1961).

IDENTIFICATION OF MUSEUM SPECIMENS AT HAND AND DELIMITATION OF SPECIES

GROUPS

Searching for characteristics to identify the specimens of the genus
Monodelphis at hand to species, | contrasted my own examination of several type
specimens to diagnoses and definitions in type descriptions and additional
descriptions in species revisions. The original type descriptions used as reference in
specimen identification were: M. brevicaudata (Erxleben, 1777), M. domestica
(Wagner, 1842), M. henseli (Thomas, 1888a). M. iheringi (Thomas, 1888a), M.
scalops (Thomas, 1888a), M. sorex (Thomas, 1888b), M. adusta (Thomas, 1897),
M. brevicaudata orvinoci (Thomas, 1899), M. rubida (Thomas, 1899), M. emiliae
(Thomas, 1912), M. peruvianus (Osgood, 1913), M. theresa (Thomas, 1921), M.
maraxina (Thomas, 1923), M. fosteri (Thomas, 1924), M. osgoodi (Doutt, 1938),
M. kunsi (Pine, 1975). The following species comparisons and interpretations were
also used as guides in specimen identification: Emmons & Feer (1997) for M.
adusta, Pine (1975) for M. kunsi, Thomas (1888b) and Voss et al. (2001) for M.
brevicaudata, Voss et al. (2001) for M. brevicaudata touan, Ventura et al. (1998)
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for M. orinoci, Thomas (1888b) for M. americana (Miiller, 1776), M. sorex
(Hensel, 1872), M. henseli and for M. domestica, Thomas (1888b), Pine (1979) and
Pine et al. (1985) for M. dimidiata (Wagner, 1847), Pine (1976) and Lemos et al.
(2000) for M. umbristriata (Miranda-Ribeiro, 1936), Pine (1977) for M. iheringi,
Pine (1979) for M. domestica and M. maraxina; Pine & Abravaya (1978) for M.
scalops; Pine & Handley (1984) for M. emiliae). Representatives of M. reigi Lew &
Pérez-Hernandez 2004 (“2003”) and M. ronaldi Solari 2004 were not studied. The
type specimens examined in person for this survey are listed in the Specimens
Examined section.

The majority of cranial characteristics in the literature pertained to general
cranial morphology, and was useful to distinguish among major species groups
within the genus, but not among the more problematic species within. I found
considerable overlap among species definitions, thus specimens were assigned to a
species only when this could be done unequivocally so, based on at least one
exclusive pelage character. If this was not possible, specimens were allocated to
what I hereon term ‘species group’, corresponding to the grouping of species with
common major patterns of pelage coloration. Nevertheless, throughout the text, I
notice when a specimen within a species group has been identified to a species by
other authors or at museum collections, even though such identification may be in
need of revision. A detailed revision of all the cranial and pelage characters
described so far for Monodelphis and a taxonomic revision of the species
complexes are beyond the scope of this report.

Three major patterns of pelage coloration are found among Monodelphis
species. The longitudinal bicolor pelage pattern corresponds to specimens which
have a uniform or quite uniform dorsal color in contrast to a different but also
uniform ventral color. Within this pattern, there is a clear distinction among small
and large body sized species. Specimens presenting the longitudinal tricolor pelage
pattern have distinct dorsal, side and ventral coloration. Finally the transversal
tricolor pelage pattern corresponds to specimens that present clearly contrasting
anterior, mid-dorsal and rump coloration, aside from the ventral color. Within the

latter pattern, there are species with tree longitudinal dorsal stripes. Table 3.1
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illustrates these patterns and the species presenting each of them. (See also

Appendix 1).

Table 3.1. Major patterns of pelage coloration found among Monodelphis species

Longitudinal Bicolor Longitudinal Tricolor Transversal Tricolor
Northern Southern .
mall Large bod Without . .
S. body Arg Y | South South . With stripes
size size . . stripes
America America
M. adusta (M. (M. M. henseli M. scalops M. americana
brevicaudata brevicaudata
type)” s.LY
M. adusta M. domestica | M. touan M. sorex M. emiliae M. theresa
peruviana
M. osgoodi' (M. rubida)® M. orinoci M. dimidiata M. iheringi
M. kunsi M. maraxina M. glirina M. umbristriata
M. palliolata (M. rubida)®

Note: Species are listed in chronological order of original description. Species in

parentheses appear simultaneously in two distinct columns, representing the group it has

traditionally been interpreted to belong to in previous taxonomic reports, and the other

allocation is where the group species belong to according to real pelage appearance.

1. The rump of some specimens identified as M. osgoodi is slightly darker than the rest of
the body.

2. The pelage of the type of M. brevicaudata is longitudinally bicolor, but it has
traditionally been treated with M. brevicaudata sensu lato.

3. Specimens of M. rubida are longitudinally bicolor, thus neither striped, nor transversal
color-banded, yet have been traditionally treated with M. americana sensu lato.

On Table 3.2 I list the distinguishing characteristics based on which the
identifications of specimens to species were done herein. Even if these
identifications are equivocal, the anatomical descriptions of this report still hold,
because characterizations and states were assigned individually to each real
museum voucher specimen. Species not shown on Table 3.2 were treated under a
species group as follows, although always noting specimen’s museum
identifications. Type specimens were treated as identified by original authors,
except when noted otherwise. M. adusta peruviana and any longitudinally bicolor
specimens of small size not fitting M. adusta s.s., M. osgoodi or M. kunsi, but

similar to M. adusta were treated as M. adusta species group. M. maraxina and any
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longitudinally bicolor specimen of large size with pelage and distribution similar to
M. domestica were assigned to M. domestica species group, to the exclusion of
specimens fitting the descriptions and restriction to M. brevicaudata s.s. and M.
rubida. Longitudinal tricolor specimens of Amazonian or Northern South American
distribution and pelage similar to M. brevicaudata, including M. glirina and M.
palliolata, were placed under M. brevicaudata species group when they did not
match M. brevicaudata s.s. and M. brevicaudata touan as restricted by Voss et al.
(2001) or M. orinoci as described by Thomas 1899 and restricted by Ventura et al.
1998. Longitudinal tricolor specimens of Southern South American distribution and
pelage similar to M. henseli were sorted up to M. henseli species group. None of the
specimens with the transversal tricolor pelage pattern with stripes I studied could be
unequivocally placed under the names M. iheringi or M. theresa, presenting instead
characteristics of both species as described in the literature and of M. americana
simultaneously. Thus, the remaining striped animals were placed under M.

americana group.

SPECIMEN SAMPLING: SELECTION OF SEMAPHORONTS WITH REPRESENTION OF THE

GREATEST DIVERSITY OF MORPHOTYPES AND GEOGRAPHIC LOCALITIES.

Specimens were selected as to represent the greatest diversity of morphotypes
and geographic localities. Only adult individuals were included in character coding.
Nevertheless, juveniles were also studied to ensure that character states were not
due to ontogenetic development. Dental age determination criteria followed Vidigal
(1996); thus specimens were classified as adults when all permanent dentition was

fully developed.
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Table 3.2. Distinguishing characteristics for assigning museum voucher specimens to Monodelphis species

Longitudinal Bicolor Pelage Pattern: small body size

Species Bibliography Compared to Characteristics
M. adusta Emmons & Feer 1997 M. peruvianus and 1) Dorsal coloration "completely dark brown, darker on rump than foreparts
M. osgoodi
2) Venter "gray or orange-gray, sometimes with a cream streak on midline"
M. osgoodi Doutt 1938 1) "rump not darker than rest of dorsal surface"
Emmons and Feer 1997 2) "whitish underparts"
M. kunsi Pine 1975 M. adusta 1) “paler dorsally”

2) dorsal coloration "warm brown, more tawny on head, most dorsal hairs
with dull pale gray at base succeeded by brown"

3) ventral "from chin to tip of tail dirty white or buffy"

Longitudinal Bicolor Pelage Pattern: large body size

Species

Bibliography

Compared to

Characteristics

M. domestica

Thomas (1888b)

M. dimidiata

1) "cheeks and sides with a paler or more yellowish tinge (but not the
distinct orange-colour of [M.] dimidiata)"

2) "whole of back uniform finely grizzled grey or mouse-colour"

3) "face uniformly grey"

4) "Chin, chest, and belly white or greyish white, sometimes with a tinge of
yellow"

Longitudinal Tricolor Pelage Pattern: Amazonian or Northe

rn distribution

Species

Bibliography

Compared to

Characteristics

M. brevicaudata s.s.

Voss et al. (2001)

M. brevicaudata group

1) "extension of body fur onto the proximal one-third or more of the caudal
dorsum; the ventral surface of the tail is just furred at the base"

M. brevicaudata touan

Voss et al. (2001)

M. brevicaudata group

1) "extension of body fur onto the proximal one-third or more of the caudal
dorsum; the ventral surface of the tail is just furred at the base"

M. brevicaudata s.s.

2) tricolored phenotype: a) "a broad middorsal stripe of grizzled-brownish, -
grayish, or -blackish fur is sharply set off from the...flanks"; b) clear
(ungrizzled) reddish flanks...separated by a similarly abrupt transition from
the...ventral fur;" and ¢) cream, whitish or buffy venters.

M. orinoci

Ventura et al. 1998

M. brevicaudata group

1) smaller size (HB~110mm as opposed to HB~130-150mm in M.
brevicaudata group)

M. brevicaudata and

M. palliolata

2) "not sexually dimorphic like [M.] brevicaudata & [M.] palliolata "

Thomas 1899

3) "much paler..., coloured more nearly as in [M.] dimidiata"

Longitudinal Tricolor Pelage Pattern: Southern South America distribution

Species Bibliography Compared to Characteristics

M. henseli Thomas (1888b) 1) "nape, and whole of the centre of the back uniform finely grizzled olive-
grey;" and 2) sides "rufous."

M. dimidiata Thomas (1888b) M. henseli 1) dorsal coloration: "pale grizzled grey along the crown and upper side of

back;"

2) sides "rich orange-yellow."

Transversal Tricolor Pelage Pattern: Without stripes

Lemos et al. (2000)

Species Bibliography Compared to Characteristics

M. emiliae Thomas 1912 M. scalops 1) "belly-hairs...not plumbeous basally"
2) rump rufous grizzled with deep brilliant orange hairs (personal
observation)

M. scalops Pine & Abravaya (1978) M. emiliae "hairs over the entire body... gray-based"

Transversal Tricolor Pelage Pattern: With stripes

Species Bibliography Compared to Characteristics

M. rubida Thomas (1899) 1) "colour uniformly chestnut-rufous all over above"
2) "uniformly chestnut-rufous on the sides"

M. umbristriata Pine (1976) and M. americana species group 1) "overall dorsal pelage reddish-brown," as opposed to the grizzled olive

gray fore back in M. americana

2) "with three faint darker, parallel stripes. Demarcation between dorsal
stripes and the surrounding coloration unclear, especially posteriorly where
the stripes blend into a darker background"

3) greater size

4) cranium large and robust
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ANATOMIC SURVEY (INCLUDING SKULL CLEANING), CHARACTER CONSTRUCTION
AND STATE CODING AT LEVEL OF SPECIMEN: THE BASE MATRIX

A comparative basicranial anatomy survey was done to fulfill the objective of
providing detailed basicranial comparative descriptions and character construction.
Character construction, as understood here, is the partitioning of phenotypes into
discrete characters and the partitioning of variants into character states. Scoring is
the ascribing of character states to a particular terminal (Harris et al. 2003), and this
report’s terminals were individual specimens.

Basicranial structures are only visible in well taxidermized and clean skulls.
In depth basicraium cleaning under microscope magnification with the aid of the
smallest and most delicate insulin syringes for children was necessary in most
museum specimens. Very internal structures were examined only when portions of
the skull were exposed by breakage or by the absence of constituent bones which
usually keep these structures from view. No destructive sampling was applied. Not
all taxa or specimens were scored for all characters because of differing states of
preservation and preparation.

The basicranial complex was scrutinized for consistent discontinuous
anatomical variation among specimens. I only discarded variation when a
continuous gradient was found from one shape to another. Thus, even highly
variable structures were characterized. Wiens' (2000) restriction of the term
polymorphism to intraspecific variation, to the exclusion of sexual and ontogenetic
variation, is adopted here. All instances of discontinuous polymorphism found
among individuals of a species were reported in this study. Some characters
describe the variation in the direction/inclination of a structure. In such cases,
direction is classified according to the angle made with the anteroposterior axis (i.e.
Anterior, slightly lateral is up to about 20° from the axis, anterolateral is between
30° and 60°).

Whenever there was no covariation, 1 adopted the reductive approach to
character construction (Wilkinson 1995), where separate characters are used to

describe variations in the different parts of a complex feature. Multistate characters
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were accepted according to the following criteria. Variation of a structure such as
presence/absence was dissociated from other descriptors of the same structure (i.e.
size, shape, topology). The exception to this was when a character described the
development of a structure (e.g. two bones are separate / in contact / fused). Vidigal
(2004) found that most characters were symmetrical and normal, and the Wilcoxon
test detected no directional asymmetry. Therefore, I assumed symmetry when left or
right side bones were broken or missing.

A base matrix was constructed with each individual specimen coded for the

character states found.

DELIMITING OF THE LEAST INCLUSIVE OTU: CONSOLIDATION OF INDIVIDUALS INTO

GEOGRAPHIC POPULATIONS BASED ON WWF ECOREGIONS.

Because most Monodelphis species are in need of revision and Monodelphis
species groups are so widespread geographically and show such a great variety of
morphotypes, an OTU that was intermediate along this specimen-species-species
group continuum was in need to reach a more equal base for intergeneric
comparison. I called this intermediate OTU the least inclusive OTU, corresponding
to a population composed of specimens aggreated by Ecoregion, as defined as
follows. All specimens were grouped into populations based on locality coordinates
and the correspondent World Wildlife Fund Neotropical Terrestrial Ecoregion. 1
recovered the coordinates of the collection locality from museums’ databases and
specimens’ labels. When not provided with the specimen, I recovered coordinates
based on locality information using Google Earth
(http://www.google.com/earth/index.html), MapPlanet
(http://www.mapplanet.com/), and FallingRain Global Gazetteer Version 2.2
(http://www .fallingrain.com/world/index.html, Copyright 1996-2010 by Falling
Rain Genomics, Inc.). I then used the coordinates of each specimen to classify them
into one of the World Wildlife Fund Terrestrial Ecoregions of the World (TEOW)
(Olson, D. M. et al 2001). Membership to each Ecoregion population required

unique pelage characteristics as described in the previous identification section and
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collection at the correspondent WWW Terrestrial Ecoregion. Thus, specimens
distinct from others by identification based on pelage and collected in the same
Ecoregion that is united by morphology and geographic distribution, were
aggregated to an Ecoregion population OTU. The OTU was obtained by compiling

the character state codes of all correspondent member specimens.

REFERENCE GENERA SELECTION

Representatives of five didelphid genera were examined as reference taxa in
the cladistic analysis: Caluromys philander, Didelphis albiventris, Marmosa
murina, Marmosops incanus and Lutreolina crassicaudata. | used Caluromys as the
rooting outgroup, because it appears consistently as the basal sister group to all
other neotropical marsupials (Cardillo et al. 2004, Voss & Jansa 2009). It was
followed by representative genera of the three major clades within Didelphinae
(Cardillo et al. 2004, Voss & Jansa 2009): Lutreolina and Didelphis of Didelphini
for the large sized didelphids (Hershkovitz 1992, Steiner et al. 2005, Voss & Jansa
2009), Marmosops of Thylamyini (Voss & Jansa 2009) and Marmosa of Marmosini
(Reig et al. 1985, 1987, Hershkovitz 1992, Kirsch & Palma 1995, Patton et al.
1996, McKenna & Bell 1997, Jansa & Voss 2000 & 2005, Steiner et al. 2005, Voss
& Jansa 2009) for the small sized didelphids most times resulting as direct sister

groups to Monodelphis.

CLADISTIC ANALYSIS

To minimize missing data, a 50% minimum character coded cut was
established for the least inclusive OTU cladistic analysis. Where there were signs of
sexually dimorphism, potentially sexually dimorphic characters were scored for
each sex separately.

The Software used for the cladistic analyses was TNT (Tree analysis using
New Technology ver. 1.0, Goloboff 1999, Nixon 1999, Goloboff et.al. 2008) and
WinClada (WinClada ver. 1.0, Nixon 2002) to reconstruct ancestral character states.
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Characters were weighted equally. Multistate characters were treated as unordered.
If more than one most parsimonous tree was found, implied weights (Goloboff
1993) was used as additional criteria to select among multiple most parsimonious
trees. Node support was assesed by means of Bremer support (Bremer 1988) as

implemented in TNT.
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4. RESULTS AND DISCUSSION

SPECIMEN SAMPLING: SELECTION OF SEMAPHORONTS REPRESENTING MORPHOTYPE

AND GEOGRAPHIC LOCALITY DIVERSITY.

Dental age determination was reported in Vidigal (2004). The lower third
premolars - pm3 - are the last teeth to reach full development in Monodelphis.
Within the adult age class, young adults are those presenting very little or no wear
on third premolars and fourth molar, whereas adults are those with moderate wear
on these teeth, and old adults are those with heavy wear on all teeth. Only adult
individuals were included in this study.

A total of 165 specimens of Monodelphis and 31 specimens of outgroup
species were examined and coded individually. All available specimen museum
label information is presented with the complete basicranial anatomy data matrix in
Appendix 2. Nineteen Monodelphis species were represented in the sample studied,
including 10 type specimens of 8 species (M. adusta, M. peruviana, M. osgoodi, M.
rubida, M. umbristriata, M. theresa, M. brevicaudata, and M. maraxina).

Of the Monodelphis specimens examined, 114 were males, 39 were females,
and 12 specimens had no sex data. Eleven species were represented by individuals
of both sexes, thus signs of sexual dimorphism could be assessed in these.
Nevertheless, the sex ratio was equal in only three species sampled (M. theresa, M.
orinoci, and M. palliolata), with the remaider of the sample been represented
mainly by male specimens.

Specimens with complete locality information allowed an exact match to a
WWF Terrestrial Ecoregion, yielding a total of 25 ecoregions (Table 4.1). When
exact locality information was not available, I listed the possible ecoregions
specimens were collected in. Thus, additional 16 ecoregions are estimated to be
represented by the remaining sample studied. Table 4.1 lists all the ecoregions
represented in this study. The greater number of ecoregions shown in Table 4.1 is
due to a finer especification for some localities (e.g. Parané-Paraiba Interior Forest

SE versus Parana-Paraiba Interior Forest). Monodelphis specimens were aggregated
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into 58 ecoregion populations. Table 4.2 lists all Monodelphis Ecoregion

Populations and Species Group OTUs, with their respecive cladistic analysis label,

percentage of characters coded and country and ecoregion of origin for reference.

Some ecoregions are area of distribution to more than one species. The sharing of

the same ecoregion by populations of different species either indicates sympatry or

the presence of an even finer microhabitat subdivision among populations of

different species.

Table 4.1.. World Wildlife Fund Terrestrial Ecoregions of the World (TEOW) containing localities where Monodelphis

species were collected.

Ecoregion Ecoregion
Exact Ecoregions (Code Estimated ecoregions (Code
Number) Number)

Araucaria moist forest NTO0101 Atlantic Coast Restingas NTO0102
Bahia Coastal Forests NT0103 Atlantic Dry Forests NT0202
Bahia Interior Forests NTO0104 Beni Savanna NT0702
Caatinga NT1304 Campos Rupestres montane savanna NT0703
Central Andean Wet Puna NT1003 Guayanan Highlands moist forests NT0124
Cerrado NT0704 Guianan Moist forests NTO0125
Chaco NTO0210 Humid Chaco

Eastern Cordillera Real Montane Forests NTO0121 Iquitos Varzea NT0128
Eastern Panamanian Montane Forest NTO0122 Llanos NTO0709
Guyanan Savanna NTO0707 Maracaibo Dry forests NTO0222
La Costa xeric shrublands NT1309 Monte Alegre varzea NTO0141
Llanos W NTO0709 Parana-Paraiba Interior Forest SE NTO0150
Madeira-Tapajos moist forest NTO0135 Pernambuco Coastal Forests NTO151
Magdalena Valley Montane Forests NT0136 Pernambuco Interior Forests NTO0152
Marajé Varzea NT0138 Purus-Madeira Moist forests NTO0157
Mato Grosso Tropical Dry Forest NTO0140 Southwest Amazon Moist forests NTO0166
Negro-Branco Moist forests NT0143 Venezuelan Andes Montane forests NTO0175
Parana-Paraiba Interior Forest NT0150 Ucayali Moist Forests NTO0174
Peruvian Yungas NTO153

Serra do Mar coastal forests NTO0160

Tapajos-Xingu moist forests NT0168

Tapajos-Xingu Moist forests E NTO0168

Tapajos-Xingu Moist forests W NT0168

Tocantins-Araguaia-Maranhdo moist forests NT0170

Uatuma-Trombetas moist forests NTO0173

Uatuma-Trombetas Moist forests E NTO0173

Uatuma-Trombetas Moist forests W NTO0173

Uruguayan savanna NTO0710

Xingu-Tocantins-Araguaia Moist forests NT0180
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Table 4.2. Monode

Iphis Ecoregion P

and species OTUs.

Index %
Cladistic analysis QTU / N . ' Ecoregion (when more than one listed, they are presented in Coded
label® N spect  Ecoregion Population’ / Species Group Country order of probability) Charac
ory M ters
adaaMaTY* 1 5 ad_aaTYMagdalenaValleyMontane Colombia ~ Magdalena Valley Montane Forests - NT0136 51%
adbmeP* 2 1 ad_bmeEP: M * Panama Eastern Panas Montane Forest - NT0122 9%
adcpeCR* 3 2 ad_cpeECordilleraRealMontane* Ecuador Eastern Cordillera Real Montane Forests - NT0121 20%
addpeTY* 4 3 ad_dpeTYPeruvianYungas* Peru Peruvian Yungas - NT0153 64%
adeosTY* 5 2 ad_eosTYCAndeanWetPuna* Bolivia Central Andean Wet Puna - NT1003 30%
adfBDP* 6 1 ad_f* Peru ? 27%
ad_spGr* 6 14 adusta Species Group 77%
kuaMTTD* 7 2 ku_aMatoGrossoTropDry* Brasil Mato Grosso Tropical Dry Forest - NT0140 27%
kubCerr* 8 7 ku_bCerrado* Brasil Cerrado - NT0704 39%
kucPNPB* 9 1 ku_cParana-Paraiba Interior* Brasil Parana-Paraiba Interior Forest - NT0150 45%
ku_spGr* 3 10 kunsi Species Group 56%
JamaToAr* 10 5 am_aTocantins-At A\ haoMoist* Brasil Tocantins-Araguaia-Maranhdo Moist forests - NT0170 53%
ambPE* 11 1 am_bPernambuco* Brasil Pernambuco Coastal Forests - NT0151 / Pernambuco Interior ~ 15%
Forests - NT0152
amcBACo* 12 1 am_cBahiaCoastal* Brasil Bahia Coastal Forests - NT0103 20%
amdruBa* 13 3 am_druBahialnteriorN* Brasil Bahia Interior Forests N - NT0104 52%
IRUmbTY* 14 2 am_cumbTY CerradoN* Brasil Cerrado N - NT0704 40%
IathPNP* 15 3 am_fCerradoParana-ParaibalnteriorN* Brasil Cerrado - NT0704 / Parana-Paraiba Interior forests N - NT0150 34%
amgBaln* 16 3 am_gBahialnteriorS* Brasil Bahia Interior Forests S - NT0104 78%
amhumbC* 17 2 am_humbCerradoS* Brasil Cerrado S - NT0704 75%
amiPNPB* 18 2 am_iParana- Brasil Parané-Paraiba Interior forests - NT0150 / Serra da Mantiqueira  23%
ParaibalnteriorBahi iorSerraMantiqueira®
amjthe TY* 19 4 am_jtheTY SerraMarRJCoastal* Brasil Serra do Mar Coastal forests - NT0160 / Coastal Rio de Janeiro  36%
amkihAr* 20 2 am_kihSerraMarCoastal AraucariaMoist* Brasil Serra do Mar Coastal forests - NT0160 / Araucaria Moist forests - 28%
NTO101
amlihSP* 21 4 am_lihSerraMarCoastal SP* Brasil Serra do Mar Coastal forests - NT0160 / Serra do Mar Sdo Paulo 42%
lammCePN* 22 1 am_mCerradoParana-Parait iorS* Brasil, SP Cerrado - NT0704 / Parané-Paraiba Interior forests S - NT0150 9%
am_spGr_sl* 13 33 americana Species Group 98%
scaBalC* 23 2 sc_aBahialnteriorCoastal* Brasil Bahia Interior forest - NT0104 / Bahia Coastal Forests - NT0103 12%
scbSMRJ* 24 2 sc_bSerraMarCoastalRJ* Brasil Serra do Mar Coastal forests - NT0160 / Coastal Rio de Janeiro. 20%
sccSMSP* 25 1 sc_cSerraMarCoastalSP* Brasil, S Serra do Mar Coastal forests - NT0160 / Serra do Mar, Sdo Paulo 35%
scdArau* 26 2 sc_dAraucariaMoist* Brasil Araucaria Moist forest - NT0101 26%
sc_spGr=* 4 7 scalops Species Group 48%
emaXTAM* 27 1 em_aXingu-Tocantins-AraguaiaMaranhaoMoist*  Brasil Xingu-Tocantins-Araguaia Moist forests - NT0180 / Tocantins-  16%
Araguaia-Maranhdo Moist forests - NT0170
embMTX* 28 2 em_bMadeira-Tapajos-XinguMoist* Brasil Madeira-Tapajos Moist forest - NT0135 / Tapajos-Xingu Moist  74%
forests - NT0168
|emeMTCe* 29 4 em_cMadeira-TapajosMoistCerrado® Brasil Madeira-Tapajos Moist forest - NT0135 / Cerrado - NT0704 54%
lemdAmlqg* 30 5 em_dSWAmazonMoistlquitosVarzea* Brasil, Peru  Southwest Amazon Moist forests - NT0166 / Iquitos Varzea - 45%
NTO0128
em_spGr* 4 12 emiliae Species Group 88%
headiUS* 31 4 he_adiUruguayanSavanna* Brasil, Uruguayan Savanna - NT0710 / Parana- Paraiba interior forests - 28%
Uruguay NTO0150 / Araucaria moist forests - NT0101
hebbris* 32 15 he_bbrisParana-Paraibalnterior* Brasil, Parana-Paraiba Interior forest S - NT0150 37%
Paraguay
hecArau* 33 2 he_cAraucariaMoist* Brasil Araucaria Moist forest - NT0101 38%
hedSeMa* 34 2 he_dSerraMarCoastal* Brasil Serra do Mar Coastal forests - NT0160 22%
heesoPP* 35 2 he_esoParana-ParaibalnteriorSECerrado* Brasil Parana-Paraiba Interior Forest - NT0150 / Cerrado - NT0704 /  83%
Serra do Mar coastal forests - NT0160
he_spGr* 5 25 henseli Species Group 81%
breaMaT* 36 5 bre_aMadeira-TapajosMoist* Brasil Madeira-Tapajos Moist forest - NT0135 30%
brebPMa* 37 8 bre_bPurus-Madeira-TapajosMoist* Brasil Madeira-Tapajos Moist forest - NT0135 / Purus-Madeira Moist  42%
forests - NT0157
brecXTA* 38 2 bre_cXingu-Tocantins-AraguaiaMoist* Brasil Xingu-Tocantins-Araguaia Moist forests - NT0180 / Mato 23%
Grosso tropical dry forests - NT0140 / Tapajos-Xingu moist
forests - NTO168
bred TXW* 39 3 bre_dTapajos-XinguMoistW* Brasil Tapajos-Xingu Moist forests W- NT0168 74%
breetoTX* 40 2 bre_etoTapajos-XinguMoistE* Brasil Tapajos-Xingu Moist forests E - NT0168 78%
breftoUT* 41 2 bre_ftoUatuma-TrombetasMoistE Brasil Uatuma-Trombetas Moist forests E - NT0173 / Guianan moist ~ 30%
forests - NTO125
bregUTW* 42 4 bre_gUatuma-TrombetasMoistW Brasil Uatuma-Trombetas Moist forests W - NT0173 / Monte Alegre ~ 39%
varzea - NT0141
brehNeB* 43 4 bre_hNegro-BrancoMoist* Venezuela, Negro-Branco Moist forests - NT0143 / Guayanan Highlands 78%
Brasil moist forests - NT0124
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Table 4.2. M. d

Inhi

Ecoregion P

and species OTUs. (cont.)

Index Yo
Cladistic analysis OTU / . . . . i Ecoregion (when more than one listed, they are presented in Coded
Jabel® N speci  Ecoregion Population' / Species Group Country order of probability) Charac
oruy ™M ters

breiGui* 44 3 bre_iGui MoistG lighland 1 Guianan Moist forests - NT0125 / Guayanan Highlands Moist ~ 86%
forests - NT0124

brejGuy™ 45 2 bre_jGuyananSavanna* Venezuela, Guyanan Savanna - NT0707 18%

Brasil

brekorL* 46 2 bre_korLlanosW* Venezuela  Llanos W - NT0709 33%

brelpaC* 47 3 bre_lpalLaCostaXericShrublands* Venezuela  La Costa Xeric Shrublands - NT1309 85%

brempaM* 48 3 bre_mpalM Dry\ desM * 0\ Maracaibo Dry forests - NT0222 / Venezuelan Andes Montane ~ 63%
forests - NT0175

brenTY* 49 1 brenTY* ? 26%

bre_spGr* 14 14 brevicaudata Species Group 98%

doamaTy ™ 50 T do_amaTY MarajoVarzea™ Brasil Marajo Varzea - NTO138 %

dobXiTo* 51 1 do_bXingu-Tocantins- Br