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Abstract

We sequenced part of the 16S rRNA mitochondrial gene in 17 extant taxa of Pilosa (sloths and anteaters) and used
these sequences along with GenBank sequences of both extant and extinct sloths to perform phylogenetic analysis
based on parsimony, maximum-likelihood and Bayesian methods. By increasing the taxa density for anteaters and
sloths we were able to clarify some points of the Pilosa phylogenetic tree. Our mitochondrial 16S results show
Bradypodidae as a monophyletic and robustly supported clade in all the analysis. However, the Pleistocene fossil
Mylodon darwinii does not group significantly to either Bradypodidae or Megalonychidae which indicates that
trichotomy best represents the relationship between the families Mylodontidae, Bradypodidae and Megalonychidae.
Divergence times also allowed us to discuss the taxonomic status of Cyclopes and the three species of three-toed
sloths, Bradypus tridactylus, Bradypus variegatus and Bradypus torquatus. In the Bradypodidae the split between
Bradypus torquatus and the proto-Bradypus tridactylus / B. variegatus was estimated as about 7.7 million years ago
(MYA), while in the Myrmecophagidae the first offshoot was Cyclopes at about 31.8 MYA followed by the split
between Myrmecophaga and Tamandua at 12.9 MYA. We estimate the split between sloths and anteaters to have
occurred at about 37 MYA.
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Introduction

The monophyletic nature of the Xenarthran

(Edentata, Mammalia) group (armadillos, sloths and South

American anteaters) is well supported by both morphologi-

cal and molecular data, members of this group possessing

an exclusive morphological synapomorphism in the form

of additional atypical articulations between vertebrae

(Engelmann, 1985; Patterson et al., 1992; Rose and Emry,

1993; Gaudin, 1999) and a clear molecular synapo-

morphism (unique among the Eutheria) in the absence of

three consecutive amino acids in the alpha crystalline pro-

tein of the eye lens (De Jong et al., 1998; van Dijk et al.,

1999), while nuclear and mitochondrial gene sequences

also support monophyly (Delsuc et al., 2001). Within the

xenarthrans, morphological analysis suggests a closer af-

finity between sloths and anteaters (grouped together as the

Pilosa clade) relative to armadillos (the Cingulata)

(McKenna and Bell, 1997) and molecular data also con-

vincingly supports the monophyly of sloths and anteaters

(Delsuc et al., 2001; Murphy et al. 2001).

Sloths, according to McKenna and Bell (1997), are

the most diverse Xenarthran group with about 100 known

fossil genera, the majority of which were very common in

the Americas in the Pleistocene but became extinct around

10,000 years ago such that only five species belonging to

two genera, Choloepus (two-toed sloths) and Bradypus

(three-toed sloths), survive today in Central and South

America. McKenna and Bell (1997) arranged sloths into

two infraorders, the extinct Mylodonta (Myodontidae) and

the Megatheria, consisting of the extinct Megatheriidae, the

Megalonychidae containing the genera Choloepus and the

Bradypodidae containing the genus Bradypus. The phylo-

genetic relationships between extinct and extant taxa are

still controversial and the molecular data currently avail-

able for the Pilosa group are scarce and poorly represented

in terms of the diversity of the taxa examined.

Molecular phylogenetic analysis using 12S and 16S

mitochondrial genes suggested that the fossil Mylodon

darwinii (Mylodontidae) was more closely related to the

two-toed Megalonychidae than to the three-toed Bradypo-

didae sloths (Höss et al., 1996). Greenwood et al. (2001)

compared the cytochrome B (CytB) and 12S sequences of

two extinct sloths Mylodon darwinii (Mylodontidae) and

Nothrotheriops shastensis (Megatheriidae), with living
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relatives from the two-toed Megalonychidae and the three-

toed Bradypodidae, the combined dataset tending to sup-

port grouping the megalonychid sloths with the

mylodontids and the bradypodids with the megatheriids.

Another important question in Xenarthran phylogeny

is the relationships of the three anteater genera Tamandua,

Myrmecophaga and Cyclopes within the family Myrme-

cophagidae. There is a consensus that Cyclopes is the most

ancient lineage and that Tamandua and Myrmecophaga

share the most recent common ancestor in anteater evolu-

tion (Delsuc et al., 2001). Even though there are large mo-

lecular differences between Cyclopes and the other two

anteaters discussion on the taxonomic ranking inside the

Myrmecophagidae clade has been completely ignored, this

being one question which will be addressed in this paper.

In the work described in this paper we sequenced part

of the 16Sr RNA mitochondrial gene from 17 extant taxa of

Pilosa (sloths and anteaters) and used these sequences

along with GenBank sequences of both extant and extinct

sloths to perform phylogenetic analysis based on parsi-

mony, maximum-likelihood and Bayesian methods. By in-

creasing the taxa density for anteaters and sloths we were

able to clarify some points of the Pilosa phylogenetic tree.

Divergence times also allowed us to discuss the taxonomic

status of Cyclopes and the three species of three-toed sloths,

Bradypus tridactylus, Bradypus variegatus and Bradypus

torquatus.

Materials and Methods

Total DNA was obtained from blood or from a small

piece of ear skin from the sloths Bradypus tridactylus,

Bradypus variegatus, Bradypus torquatus and Choloepus

didactylus and the anteaters Cyclopes didactylus,

Tamandua tetradactyla and Myrmecophaga tridactyla (Ta-

ble 1). The animals came from various Brazilian states and

regions: Serra da Capivara National Park in the state of

Piauí, Bragança in the northeast state of Pará, and the states

of Bahia and Paraíba. The animals used were healthy adults

of both sexes and were not harmed by the procedures.

Blood or tissues were transported to our laboratory and pro-

cessed immediately or stored until needed. For DNA ex-

traction blood or tissues were digested with ribonuclease

for 1 h at 37 °C followed by Proteinase K for 2-4 h (or over-

night) at 55 °C and the DNA purified by standard phe-

nol/chloroform extraction and precipitation with

isopropanol (Sambrook et al., 1989).

For each DNA sample a fragment of about 500 base

pairs of the mitochondrial rRNA 16S gene was amplified

using the 5’-CGCCTGTTTATCAAAAACAT-3’ (L2510)

and 5’-TTTCCCCGCGGTCGCCCC-3’ (H3059) primers

described by Palumbi et al. (1991). PCR amplification was

performed in 100 µL of reaction mixture containing 16 µL

of 1.25 mM dNTP, 10 µL of buffer (10X conc.), 4 µL of

25 mM MgCl2, 1 µL of each primer (200 ng/µL), 5 µL of to-

tal DNA (200 ng/µL), 0.5 µL of 2 U/µL Taq DNA polymer-

ase (Amersham-Pharmacia Biotech. Inc., Piscataway, NJ,

USA) and 62.5 µL of autoclaved double distilled water.

Amplification was in a model 2400 thermocycler (Applied

Biosystems, Foster City, CA, USA) with a cycling profile

of 94 °C for 3 min followed by 25 cycles of 94 °C for 1 min,

50 °C for 1 min, 72 °C for 2 min and 72 °C for 10 min. Am-

plification products were purified using ExoSap IT

(Amersham-Pharmacia Biotech. Inc., Piscataway, NJ,

USA) and submitted to a cycle-sequencing reaction using

the fluorescent-labeled di-deoxy terminators supplied in

the ABI PrismTM Dye Terminator Cycle Sequencing Ready

Reaction kit (Applied Biosystems, Foster City, CA, USA).

Sequencing reactions were performed in a Perkin Elmer

2400 thermocycler in a 10 µL reaction mixture containing

2 µL of DNA, 0.5 (1 mM) of primer, 2 µL of BigDye mix,

3 µL of buffer (200 mM Tris/5 mM MgCl2) and 2.5 µL of

autoclaved double distilled water, with a cycling profile of
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Table 1 - Taxa from which sequences were obtained.

Scientific name Number of specimens Common name Collection locality or sequence origin

Bradypus tridactylus 1 Three-toed sloth Pará

Bradypus tridactylus 1 Three-toed sloth GenBank AF069535

Bradypus variegatus 3 Three-toed sloth Pará

Bradypus torquatus 2 Maned sloth Bahia

Mylodon darwinii 1 Giant Sloth GenBank Z48944

Choloepus didactylus 3 Two-toed sloth Pará

Cyclopes didactylus 2 Silky anteater Pará and Paraíba

Tamandua tetradactyla 1 Collared anteater GenBank Z48946

Tamandua tetradactyla 2 Collared anteater Pará and Piaui

Myrmecophaga tridactyla 3 Giant anteater Pará

Cabassous unicinctus 1 Armadillo GenBank Z48940

Bahia (BA), Pará (PA), Paraíba (PB), Piauí (PI) and São Paulo (SP) are Brazilian states.



25 cycles of 96 °C for 30 s, 50 °C for 15 s and 60 °C for

3 min. Unincorporated di-deoxynucleotides were removed

by isopropanol washing according to the method given in

the ABI chemistry manual. The products were separated by

electrophoresis (3 h at 3.000 V) and the sequences collected

using the ABI Prism 377 automated sequencer. Also in-

cluded in the phylogenetic analysis were previously pub-

lished 16S GeneBank sequences from the sloth Bradypus

tridactylus (Stanhope et al. 1998), the fossil giant sloth

Mylodon darwinii (Höss et al., 1996), the anteater

Tamandua tetradactyla and the armadillo Cabassous

unicinctus (Table 1).

Phylogenetic analyses

The 16S gene sequenced in this work was aligned to

homologous sequences obtained from the GenBank (Table

1) using the ClustalX program (Thompson et al., 1997)

with default parameters and the data converted to FASTA

and NEXUS formats. Minor modifications in the alignment

were made using the BIOEDIT sequence editor (Hall,

1999). Nucleotide saturation was assessed by plotting tran-

sitions and transversions against K2P (Kimura, 1980) dis-

tances using the DAMBE program version 4.0.65 (Xia and

Xie, 2001). The Modeltest program (Posada and Crandal,

1998) was used to select the model of evolutionary change

that best fitted the data. Phylogenetic reconstruction was

performed using the parsimony program PAUP version

4.0b10 (Swofford, 1998) and the Bayesian inference pro-

gram MrBayes version 2.01 (Huelsenbeck and Ronquist,

2001). To estimate divergence times we adopted the strat-

egy developed by Takezaki et al. (1995) in which se-

quences evolving excessively fast or slow were eliminated.

The remaining sequences, selected thought the two-cluster

test, were used to construct a linearized tree under the as-

sumption of a molecular clock. The Shimodaira - Hase-

gawa test (Shimodaira and Hasewaga, 1999) and

Wilcoxon’s signed-rank test (Templeton, 1983) were used

to compare trees at the 5% level.

Results

The mitochondrial rRNA 16S gene was partially se-

quenced in 17 specimens from three Xenarthra families, the

Bradypodidae (two-toed sloths), the Megalonychidae

(three-toed sloths) and the Myrmecophagidae (anteaters).

The two Cyclopes sequences (Para and Paraíba) were iden-

tical as well as the two Tamandua tetradactyla (Para and

Piaui). The armadillo Cabassous unicinctus was used as an

outgroup based on a sequence obtained from the Genbank

(Table 1). The number of transitions and transversions were

plotted as a function of p-distance and no saturation was ob-

served. The G1 statistics for 10000 random trees was highly

significant (g1 = 0.666, p < 0.05), indicating a high level of

genetic structuring in the sequence data (Hillis and

Huelsenbeck, 1992). All shared gaps were considered as

single events and treated as a fifth base for parsimony anal-

ysis. The three Myrmecophaga tridactyla specimens shared

a microsatellite region (AT) varying in size from 8 to 12 AT

repeats from sites 360 to 381 of the alignment, these repeats

also being treated as a single event. Of the 521 aligned base

pairs, 328 characters were constant and 193 were variable,

there being 146 parsimony-informative characters. A

branch and bound search recovered a single most parsimo-

nious tree 350 steps in length (consistency index

(CI) = 0.74 and re-scaled consistence index (RCI) = 0.64).

However, when gaps were treated as missing data the score

of the most parsimonious tree dropped to 320 and the num-

ber of parsimony-informative characters to 140 (CI = 0.72

and RCI = 0.62).

For maximum-likelihood (MP), Bayesian (BI), Mini-

mal Evolution (ME) and distance analysis, the parameters

(equal base frequencies, transition-transversion ratio of

3.1585, proportion of invariant sites=zero and gamma dis-

tribution parameter with α = 0.2804) of the evolutionary

model that best fitted the data were chosen using the

Modeltest program version 3.06 (Posada and Crandal,

1998).

To be sure that markovian chains were converging to

similar posterior probabilities, four PAUP generated ran-

dom trees were used as user trees in four independent runs

of the MrBayes program with the parameters selected by

the Modeltest program. As all runs converged to similar

posterior probabilities, we instructed the program to run

one million generations (ngen = 106), saving one tree to a

file each 100 generations. The program run four simulta-

neous Metropolis-coupled Markov Chains Monte Carlo.

The chains reached a stationary phase after about 2 x 104

generations, only trees sampled after this period being used

to estimate posterior probabilities and branch lengths. A

computer with a 1 GHz Pentium III processor and

256 megabytes of memory was used to run 1000 bootstrap

(BS) replicates for maximum parsimony (MP, run time < 1

min) and maximum-likelihood (ML, run time 10 h 30 min)

which both produced the same 50% majority rule consen-

sus tree (Figure 1). An alternative topology was produced

by the minimum evolution (ME) method (1 min 30 s for

1000 BS replications), the main difference in the topologies

being the placement of Mylodon, which was closer to

Bradypodidae in the MP/ML tree but grouped with

Megalonychidae in the ME tree (not shown). Bremer decay

index (BI) and Bayesian clade credibility (run time on the

above cited computer for 106 generations, 4 chains, about

2 h 10 min) showed highly significant values (>96%) for

monophyly of the Bradypodidae. Conversely, parsimony

(82%), ML bootstrapping (75%) as well as Bayesian poste-

rior probabilities (86%) were not able to shed light on the

phylogenetic relationship of the Pleistocene fossil Mylodon

darwinii to the extant two- and three-toed sloths. One topol-

ogy (ME) connected Mylodon to the two-toed sloths but the

other topologies (MP, ML, BI) produced trees, which

placed Mylodon closer to the three-toed sloths. These alter-
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native arrangements were compared using the Shimodaira -

Hasegawa test (Shimodaira and Hasewaga, 1999) and

Wilcoxons signed-rank test (Templeton, 1983), both tests

showed no significance at the 5% level (Table 2) which in-

dicates that trichotomy best represents the relationship be-

tween the families Mylodontidae, Bradypodidae and

Megalonychidae.

For the anteaters, in spite of the fact that MP and ML

bootstrapping did not give strong support for monophyly of

the Myrmecophagidae family (91%), Bayesian posterior

probabilities depicted a highly significant Bayesian poste-

rior probability (BPP) value (100%) for this clade. The to-

pology shows Cyclopes as the basal lineage and

Myrmecophaga and Tamandua sharing the most recent an-

cestor in this group.

Molecular timings

Once heterogeneous sequences were eliminated we

constructed a linearized tree under the assumption of a con-

stant rate of evolution. In practice we had to eliminate four

sequences including Mylodon. Using 18MYA as the time

of the split between the two and three-toad sloths as sug-

gested by Delsuc et al. (2001) we calculated the ages for the

remaining nodes without confidence intervals because in

the paper of Delsuc et al. (2001) the calibration time was

also estimated without standard error. In the Bradypodidae

the split between Amazonian and Atlantic Bradypus was

estimated as about 7.7 MYA, while in the Myrmecopha-

gidae the first offshoot was Cyclopes at about 31.8 MYA

followed by the split between Myrmecophaga and -

Tamandua at 12.9 MYA. We estimate the split between

sloths and anteaters to have occurred about 37 MYA.

Discussion

Sloths and anteaters

The monophyly of each extant Megalonychidae,

Bradypodidae and Myrmecophagidae family is very well

supported by 16S mitochondrial DNA data in all of our

phylogenetic analyses, corroborating previous findings of

nuclear DNA data alone or combined with mitochondrial

DNA data (Delsuc et al., 2001). Monophyly also agrees

with traditional morphological arrangements for this group

(McKenna and Bell, 1997).

Mylodon and extant sloths

Our mitochondrial 16S results show Bradypodidae as

a monophyletic and robustly supported clade in all the anal-

ysis. However, the Pleistocene fossil Mylodon darwinii

does not group significantly to either Bradypodidae or

Megalonychidae (Choloepus) as showed by the Shimodaira

and Hasegawa and Templeton tests (Table 2). Conversely,

the cluster constituted by Mylodon, Choloepus and

Bradypus is strongly supported, indicating that they indeed

comprise a monophyletic group. These results are in dis-

agreement with those of Greenwood et al. (2001) who con-

cluded that the Mylodontidae (Mylodon darwinii) is

associated with the Megalonychidae while the Mega-

theriidae (Nothrotheriops) is closer to the Bradypodidae. In

fact, the mitochondrial Cytochrome B and 12 S data (alone

or combined) analyzed by Greenwood et al. (2001) was not

significantly supported by MP, Neighbor-Joining (Saitou
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Figure 1 - Maximum likelihood phylogenetic tree obtained using a partial

fragment of mitochondrial 16S rRNA. The evolutionary model selected by

Modeltest was the K2P model, equal nucleotide frequencies, transi-

tion-transversion ratio of 3.1585 and a gamma distribution of shape α =

0.3103 with zero of invariable sites modeling the site variation. Numbers

above the branches indicates the maximum likelihood (1000 bootstrap

replications), maximum parsimony bootstraps (1000 replications), and

Bayesian posteriori probabilities, respectively. Numbers below branches

show Bremer Decay indexes. For Bayesian inference (BI) we performed

106 generations running four independent markovian chains with the evo-

lutionary model chosen by Modeltest. Maximum-likelihood (ML), maxi-

mum parsimony (MP), minimum evolution (ME) and Bayesian analysis

produced the same topology, with ME analysis showing Mylodon group-

ing with Choloepus.



and Nei, 1987) or ML analysis. What these authors really

showed was strong support (BS values of 100%) for the

monophyly of the group constituted by Choloepus

(Megalonychidae), Bradypus (Bradypodidae), Mylodon

(Mylodontidae) and Nothrotheriops (Megatheriidae), simi-

lar to the results obtained by us in the present work (al-

though Nothrotheriops was not included in our analysis).

Interestingly, Höss et al. (1996) using a concatenated

dataset of 12S and 16S mitochondrial DNA obtained a

phylogenetic tree that supports the hypotheses that

Mylodon is more closely related to the two-toed sloths

(Megalonychidae) than to the three-toed sloths

(Bradypodidae) (BS = 93%). Nevertheless, these results are

somewhat conflicting because the Greenwood et al. (2001)

12S data alone did not show significant support for the

Mylodon x Choloepus grouping and our results with ex-

tended taxa sampling using 16S DNA alone also did not

support a Mylodon x Choloepus clade. On the contrary our

results produced a phylogenetic tree with Mylodon con-

nected to Bradypus regardless of the non-significant boot-

strap supports and posterior probability values (ML = 75%;

BS = 82%; BPP = 86%). This discrepancy probably can be

explained by the reduced taxon sampling (five taxa) used in

the work of Höss et al. (1996). Perhaps including the three

very divergent Bradypus species as well as more

Choloepus taxa will resolve this apparent incongruity. In

fact, our current molecular database has more density of

taxa than that analyzed by Höss et al. (1996) and higher

support values were observed for the grouping of Mylodon-

tidae with Bradypodidae. However, 16S DNA alone is not

enough to solve this difficult question. Even with these mi-

nor disagreements all the analysis agree that the Mylo-

dontidae (Mylodon), the Megalonychidae (Choloepus) and

the Bradypodidae (Bradypus) represent a monophyletic

group, which also probably contains the Megatheriidae.

Anteaters

Bayesian posterior probabilities (clade credibility

values) and ML, ME and MP bootstrap analysis strongly

support the monophyly of anteaters, showing Cyclopes as

an early offshoot of the anteater radiation. They also fa-

vored the assemblage of the semi-arboreal Tamandua with

the strictly terrestrial Myrmecophaga as a recent sister

group confirming findings based on nuclear exon 28 of the

von Willebrand factor gene (vWF) (Delsuc et al., 2001) and

myological (Reiss, 1997) and morphological (Gaudin and

Branham, 1998) studies. However, Delsuc et al. (2001)

found modest support for the monophyly of anteaters with

16S mitochondrial DNA data alone, probably under the in-

fluence of homoplasies affecting the phylogenetic signal of

this moderately evolving molecule, as very ancient mam-

malian lineages were compared with the same database.

Divergence time estimates

According to Smith and Peterson (2002), age esti-

mates from DNA sequences present some difficulties re-

lated to the variation of evolutionary rates both over time

and among lineages. In spite of the many suggestions which

have been made in attempts to overcome these problems

there is no guarantee of an unambiguous separation of evo-

lutionary rates and time. Nevertheless, age estimates de-

rived from palaeontological and molecular data often agree

reasonably well. Following Delsuc et al. (2001), we used

18 MY (representing the split between the two-toed and

three-toed sloths) as the reference to estimate additional

nodes of the Xenarthran tree. It is interesting to note that,

based on morphological differences between two and

three-toad sloths, Webb (1985) and Delsuc et al., (2001) ar-

gue that the apparent external similarities between two and

three-toad sloths are a consequence of parallelism and that

the arboreal life style may have evolved twice. In our view

the argument that Bradypus and Choloepus have a

diphyletic origin based on their morphological differences

does not have enough support. A period of 18 MY of radia-

tion in the South America scenario seems to be enough to

account for these differences. The three main families of

New World primates began to radiate around the same pe-

riod and extant members of this strictly arboreal

monophyletic group have extreme morphological differ-

ences including a variety of distinct morphological adapta-

tions for arboreal life, e.g. nails or claws and normal or

prehensile tails (Schneider et al. 1993, 1996, 2001). Cur-
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Table 2 - The relationships of Mylodon darwinii as shown by alternative 16S phylogenetic topologies.

Templeton test

Trees Length Rank Sum N z P

Mylodon - Bradypus (BI, ML, MP) 350 Best

Mylodon - Choloepus (ME) 355 48-18 11 -1.5076 0.1317

Shimodaira-Hasegawa test

Trees -ln L Difference in -ln L P

Mylodon - Bradypus (ML) 2253.21855 Best

Mylodon - Choloepus (ME) 2262.72420 9.50566 0.119

BI = Bayesian inference, ML = maximum-likelihood, MP = maximum parsimony, ME = minimum evolution.



rent evidence based on the scarce molecular data available

clearly suggests that both extant sloths and the extinct

Mylodon (and perhaps, as suggested by Greenwood et al.

(2001), also Nothrotheriops) belong to the same

monophyletic group and not to very distinct and divergent

families as suggested by Webb (1985) and accepted by

Höss et al. (1996), Greenwood et al. (2001) and Delsuc

(2001). Considering that there is not enough significant

support for the relationship between these four proposed

families of sloths (Bradypodidae, Megalonychidae,

Mylodontidae and Megatheriidae), a more conservative

and cautious position to take until more evidence becomes

available is to place each Pleistocene fossil (Mylodon and

Nothrotheriops) and the extant sloths (Bradypus and

Choloepus) in their own families (McKena and Bell, 1997).

According to our estimates, two Amazonian sloths of

the Bradypodidae family (B. tridactylus and B. variegatus)

diverged recently, only about 400 thousand years ago, al-

though the split between the Amazonian and Atlantic forest

Bradypodidae sloths (B. torquatus) occurred about 8 MYA.

In previous work on New World monkey phylogeny we

reached a similar estimate for the separation of two monkey

genera (Brachyteles and Lagothrix) with similar geo-

graphic distribution (Brachyteles, like B. torquatus, being

endemic to the Atlantic forest while Lagothrix, like B.

tridactylus, occurs only in the Amazonian forest), based on

nuclear genes we found that the split of Brachyteles and

Lagothrix probably occurred around 10 MYA (Schneider

et al. 1993, 1996; Goodman et al. 1998). Our interpretation

is that B. torquatus evolved as a result of the same

palaeogeographic barrier that kept Brachyteles isolated in

the Brazilian Atlantic forest while Lagothrix as well as the

proto B. variegatus/B. tridactylus evolved in the Amazon

forest. In fact, evidence has accumulated which indicates

that a major palaeobiogeographic event in the last 10 MYA

is responsible for the differences in biodiversity seen today

between the Amazonian and Atlantic rain forests

(Lundberg et al. 1998). Based on nucleotide divergence

and the split time of the Amazonian and Atlantic sloths, we

suggest that the taxonomic status of these two groups

should be revised to be coherent with the phylogenetic re-

construction, and that Amazonian and Atlantic bradypodid

sloths deserve to be placed in separate genera as is the case

for the monkeys Brachyteles and Lagothrix.

We estimate that for the anteater clade Cyclopes is the

most ancient lineage, having separated from the remaining

myrmecophagids at least 32 MYA, a slightly more recent

date than that estimated by Delsuc et al. (2001). Our recon-

struction based on molecular and morphological data

strongly suggest that this ancient anteater lineage deserves

the status of a different family, as proposed by Reig (1981).

Furthermore, we dated the split between the two youngest

anteater genera (Myrmecophaga and Tamandua) to about

12.9 MYA which corroborates the previous estimates of 13

MYA made by Delsuc et al. (2001).

Final comments

Understanding Xenarthran evolution is not an easy

task. According to Patterson and Pascual (1972), the

Xenarthra radiation occurred between the Paleocene and

the Eocene when South America was already isolated from

other continental masses. During this period tremendous

palaeobiogeographic changes occurred in South American,

such as the uplifting of the Andes which resulted in the es-

tablishment of a huge Amazonian lake about 12 MYA, and

climatic changes due to glaciation about 12-10 MYA. The

establishment of the Isthmus of Panama about 3 MYA al-

lowed the exchange of fauna with the consequent invasion

of South America by very specialist predators, the most re-

cent process being the formation of the current Amazon Ba-

sin and the arrival of the most specialized predator, man,

about 15 thousand years ago.

It seems that to elucidate the long and tough evolu-

tionary pathway ambled by the sloths and anteaters in

South America, the best strategy will be a combination of

more conserved nuclear data able to reconstruct the most

ancient evolutionary events and mitochondrial data power-

ful enough to detect recent splits, coupled to a extensive

analysis of the comparative morphology of the large num-

ber of fossil forms available for this group.
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