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Supplementary Methods 

0. Experimental design 

0.1 Overview of tree-building strategy 

We reconstructed the evolutionary history of extant Mammalia aiming to maximize the 

accuracy and comparability of temporal information (branch lengths) across lineages in a 

posterior set of time-calibrated phylogenies. Our goal was to enable macroevolutionary questions 

to be addressed in a rigorous and replicable way across the tree of all mammals, while also 

considering uncertainty in divergence timing and species relationships. We devised a multi-step 

strategy for tree-building (Fig. S1) to: (i) sample and vet available DNA sequences for extant and 

recently extinct species into a 31-gene supermatrix (sections 1–3); (ii) build a global maximum 

likelihood (ML) tree from that DNA supermatrix (section 4); (iii) include species unsampled for 

DNA in the phylogeny via taxonomic completion methods (PASTIS (1), section 5); and (iv) 

integrate fossil data at nodes and tips to compare methods of calibrating molecular divergence 

times among clades (section 6). Adapting the ‘backbone-and-patch’ strategy of Jetz et al. (2), we 

split the full diversity of Mammalia into non-overlapping subclades (‘patches’), estimated their 

phylogenies separately in relative-time units, and then rescaled and joined patches to fossil-

calibrated backbones (section 7). Grafting together the full tree in this way was designed to unify 

the time scales of all species, so that all branches in the tree are comparable across clades, 

biomes, and other units of biological interest. 

Fig. S1.  
Multi-step strategy for 

building the supermatrix-

based Mammalia 

phylogeny. (a) Schematic 

overview of DNA sequence 

gathering from NCBI, 

taxonomic reconciliation and 

error checking, and building a 

global maximum-likelihood 

(ML) tree from the resulting 

supermatrix (31 genes, 4098 

species). A two-part strategy 

estimated and assembled 

subclade (patch) phylogenies 

and fossil-calibrated 

backbone trees to yield 

posterior samples of 10,000 

fully dated phylogenies, 

either with 5911 species and 

the global ML tree topology 

constrained (Completed trees, 

TopoCons) or with 4098 

DNA-sampled species and no 

topology constraints (DNA-

only trees, TopoFree). Node- 

and tip-dated backbones were 

used, and maximum clade 

credibility (MCC) trees were 

estimated for the DNA-only 

trees. (b) Backbone trees 

were pruned to representatives of (c) 28 patch clades where an assumption of hard monophyly could be made. 

Shown is the topological uncertainty across the backbone (sample of 100 trees), highlighting the unresolved base of 



 

 

 2 

Placentalia, slightly favoring the Atlantogenata hypothesis (blue) versus Exafroplacentalia (red). (d) Density plots of 

tip-level diversification rate (tip DR) scaled in proportionate size to the number of species in that clade and shown 

relative to the 0.01, 0.50, and 0.99 quantiles for all mammals (dotted lines). Clades with < 140 species are equally 

sized for visibility, while those < 10 species are marked with asterisks and not shown. Monotr., Monotremata; 

Marsup., Marsupialia; X., Xenarthra; Chiropt., Chiroptera; OW, Old World; NW, New World. 

0.2 Our tree relative to other inference methods 

The decision to divide Mammalia into smaller clades for analyses – rather than perform 

tree-wide dated inference – is based on trade-offs in the following factors: 

(i) computational limits to adding tips in phylogenetic analyses;  

(ii) propagating uncertainty in inference; and 

(iii) propagating uncertainty in models of evolution. 

We found the maximum tree size for Bayesian inference in MrBayes v.3.2.6 (3) was ~800 

species in our trial runs. Near this maximum, our largest patch (Muridae, 778 species) took 3.7 

weeks to finish 33,330,000 generations in parallel on 16 BEAGLE-enabled compute nodes. We 

suggest a current hard limit of < 1000 species for reasonable convergence of Bayesian 

supermatrix analyses (matrix complexity was also a key determinant of run times, see section 

5.1). Our goal of including full uncertainty of divergence times and species relationships was 

best suited to Bayesian inference, where the likelihood of parameter estimates is reflected by 

their posterior frequency (4–7). In contrast, maximum-likelihood and parsimony approaches to 

find the single ‘best’ point estimate effectively collapse tree uncertainty and can increases type I 

error (4). The ideal of using the multi-species coalescent to co-estimate genealogies and the 

species tree (8) is unfortunately limited to ~25 species (e.g., *BEAST (9, 10)). ML-based models 

(e.g., ASTRAL-II (11)) have extended applications of the coalescent to larger trees, but 

analyzing the breadth of Mammalia is still not feasible. We instead based our backbone-and-

patch subdivision of the tree on the supermatrix approach (12) using Bayesian inference and 

partitioned gene regions.  

 

 
Fig. S2.  
Trade-off between tree size and statistical uncertainty in the tree. Computational costs increase with tree size 

and the realism of the evolutionary models, resulting in reduced ability to propagate estimate uncertainty in larger 

trees. We suggest a current upper limit of ~1000 species for Bayesian co-estimation, beyond which performing 

supermatrix analyses requires our backbone-and-patch approach (green) to divide the tree into smaller sub-analyses. 

Note that the supermatrix approach uses multiple model partitions (e.g., GTR+G, HKY) to co-estimate molecular 

evolutionary parameters with tree topology, while supertrees merge and re-scale a collection of independently 

estimated trees.  
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Overall, we emphasize that the ‘big tree’ territory beyond ~1000 species requires new 

types of phylogenetic assumptions to overcome computational limits to co-estimation (Fig. S2). 

Parsimony supertrees were developed for this purpose (e.g., matrix representation parsimony 

(13)) and first implemented on large scales across Mammalia (Bininda-Emonds et al. (14) and its 

updates (15, 16)). However, supertrees add artifacts of short branch lengths every time merged 

source trees disagree (e.g., >50% of nodes in Bininda-Emonds et al. (14)), and are thus biased to 

infer rapid radiation at regions of the tree with the greatest phylogenetic and temporal uncertainty 

(e.g., some results of Stadler (17) are attributable to a series of polytomies in rodents and bats; 

see Supplementary Results for a comparison of tree shapes). For this reason, we aimed to depart 

from the supertree paradigm, which was also used for two recent mammal supertrees (18, 19), 

instead aiming to measure tree-wide diversification rates and their uncertainty using the 

backbone-and-patch supermatrix approach detailed below. 

 

1. DNA gathering pipeline 

1.1. Targeted gene fragments 

We targeted 31 gene fragments (Table S1) that are commonly sampled across 

mammalian species and thus useful in a comparative phylogenetic framework. The genetic 

sampling of Meredith et al. (20) served as our starting point since it included most extant 

families for 27 nuclear genes (nDNA; 22 exons and 5 non-coding [NC] regions). Although 

Meredith et al. (20) analyzed RAG1 as a single region, we treated it as 2 non-overlapping regions 

(RAG1a and RAG1b) to match how researchers have most commonly published these sequences 

and avoiding an alignment gap between them (e.g., a 357-base pair [bp] gap separates the 

Didelphis virginiana RAG1 sequences DQ865890 and AY011864 as aligned to the RAG1 entry 

for this taxon in TreeBase submission S11872 (20)). We additionally targeted four protein-

coding genes from the mitochondrion (mtDNA; cytochrome-b [CYTB], cytochrome oxidase I 

[COI], and NADH dehydrogenase I [ND1] and II [ND2]) to help us maximize the species-level 

sampling in the resultant supermatrix and downstream phylogeny. 

1.2. BLAST-based gathering of DNA sequences 

To assemble data useful for Mammalia-wide phylogenetic analyses, all public DNA 

sequences gathered from GenBank needed to be: (i) homologous and orthologous to our targeted 

gene fragments; and (ii) associated with accurate taxonomic information. Ideally, all sequences 

would be annotated directly as a vouchered museum specimen, but in practice, GenBank and 

museum data are not well associated (e.g., the “specimen_voucher” field is often empty, or 

contains collector not museum numbers, inconsistent formats, or unrelated identifiers). Much 

work is needed to improve links between museums, NCBI, taxonomic authorities, and trait 

aggregators like IUCN (21). However, to improve mammalian phylogeny at the present time, we 

devised bioinformatic solutions to this key problem of matching public DNA sequences to 

recognized taxon names. We used the BLAST algorithm (Basic Local Alignment Search Tool; 

(22)) for verifying standards of homology and orthology among gathered sequence data, and to 

efficiently query a local copy of NCBI's nucleotide (nt) database (downloaded on 20 April 2015). 

For each gene, we used a set of pre-vetted sequences or “DNA baits” as queries for 

extracting homologous gene fragments from the NCBI database. Given that these per-gene DNA 

baits were the basis for all downstream work, each bait set was carefully curated to ensure the 

valid homology of sequences to the targeted gene (e.g., robust alignment, absence of stop 

codons) while sampling up to 1 sequence per mammalian family. Nuclear DNA baits were taken 
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from the mammal portion of Meredith et al. (20)'s DNA alignment, as subset to 1 family 

representative per gene. We constructed our own mtDNA baits on a per-gene basis by parsing for 

the longest vetted sequence per family from an output of general NCBI search terms [e.g., for 

ND2: “((((((txid40674[ORGN] ND2) NOT genome) NOT tRNA) NOT COI) NOT COIII) NOT 

cytb) NOT d-loop”].  

We performed separate per-gene BLAST searches on the nt database subset to the NCBI 

GI list for mammals (38,442,994 entries for Mammalia), using the “blastn” executable (BLAST+ 

version 2.2.31). We set the per-gene BLAST searches to use a coarse E-value of 10 when 

querying the DNA baits to ensure broad taxonomic coverage. We used the XML2 output format 

to assign taxonomic information to each resulting hit for subsequent parsing.  

1.3. Parsing output for redundancy 

For each gene, the aligned hits and taxonomic metadata returned from BLAST were 

parsed for redundancy and quality, keeping only the unique longest hit per NCBI taxon ID that 

was greater than 200 bp in length. We accomplished this using custom Bash scripts (including 

the utilities awk, sed, sort, and join). Table S1 documents the extent of redundancy that was 

successively reduced using this procedure, and during steps of taxonomic matching and error 

checking (see below).  

This BLAST-based pipeline initially yielded a sampling of ≥ 1 targeted genes for 6247 

unique taxon IDs at the ranks of species and subspecies, out of a possible 7319 such names 

(85%, as based on the NCBI taxonomy of 20 April 2015). Unaligned FASTA-format files for 

each gene were then subjected to a taxonomic matchup prior to alignment and further vetting. 

 

Table S1.  
Results from BLAST searches for each of the 31 gene fragments used in this study. Successive steps to 

parse results to unique NCBI species and subspecies names, match NCBI names to initially accepted names in 

the master taxonomy, and then manual addition (+) and removal (-) steps of error checks to yield per-gene final 

accepted species (excl. = excluded).  

 

Gene Region 

(1) 

Unique 

BLAST 

hits 

(2) 

Unique 

NCBI 

taxa 

(3) 

Initial 

species 

(4a) 

Added 

manual 

(+) 

(4b) 

Stop 

codons 

(-) 

(4c) 

Rogue 

taxa  

(-) 

(4d) 

Visual 

errors 

(-) 

(5) 

Final 

species 

Error-

check 

excl. 

A2AB exon 792 343 323 0 0 19 15 289 34 

ADORA3 exon 746 500 476 1 0 46 3 428 48 

ADRB2 exon 662 245 235 0 0 16 2 217 18 

APOB exon 1480 681 603 4 1 17 3 586 17 

APP NC 1028 472 453 0 0 39 0 414 39 

ATP7 exon 670 506 485 0 0 17 0 468 17 

BCHE exon 462 340 324 0 0 16 0 308 16 

BDNF exon 1241 625 590 5 4 84 0 507 83 

BMI1 NC 400 243 232 0 0 40 1 191 41 

BRCA1 exon 2350 1095 992 5 0 25 3 969 23 

BRCA2 exon 522 326 309 0 0 3 0 306 3 

CNR1 exon 744 399 378 0 0 23 0 355 23 

COI mtDNA 49049 2326 1852 0 0 158 9 1685 167 

CREM NC 1889 403 385 0 0 51 3 331 54 

CYTB mtDNA 89218 5375 3787 41 3 237 8 3580 207 
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DMP1 exon 684 455 434 0 0 14 5 415 19 

EDG1 exon 655 359 341 0 1 26 2 312 29 

ENAM exon 372 262 249 0 0 2 0 247 2 

FBN1 NC 422 345 331 0 0 26 4 301 30 

GHR exon 2113 1141 1071 19 0 113 0 977 94 

IRBP exon 3361 1534 1412 0 0 67 1 1344 68 

ND1 mtDNA 32483 1212 1007 0 0 45 1 961 46 

ND2 mtDNA 32902 1175 1014 6 0 37 1 982 32 

PLCB4 NC 922 554 526 0 0 48 0 478 48 

PNOC exon 701 482 460 0 0 47 3 410 50 

RAG1a exon 1234 727 682 0 0 44 0 638 44 

RAG1b exon 1871 1066 983 31 0 75 4 935 48 

RAG2 exon 2139 1108 1018 4 0 131 3 888 130 

TTN exon 764 375 363 0 0 19 0 344 19 

TYR1 exon 690 380 363 0 0 28 0 335 28 

VWF exon 1276 866 826 19 0 23 2 820 6 

 Total sequences 13486 22504 135 9 1536 73 21021 1483 

  Total unique taxa 6247 4217  .   .   .   .  4098 119 

 

2. Taxonomic matchup of mammalian species names  

Coherency among species names and their associated data is central to the integrity of 

any species-level comparative analysis, and especially so for this macro-scale Mammalia study. 

The NCBI taxonomy of our genetic data in many cases contained synonymous names, and so 

needed to be vetted against an authoritative list of accepted mammalian species. We chose to 

base this matchup on the IUCN mammal list (23) because it: (i) followed closely the authority of 

Mammal Species of the World vol. 3 (MSW3; (24)); (ii) was updated in several cases from 

MSW3; and (iii) remains tied to geospatial (23) and species trait (25) resources for downstream 

analysis.  

2.1 NCBI to IUCN 

The IUCN base taxonomy contained 5513 species as downloaded 15 April 2015. We next 

used a synonym list compiled from several sources (Catalog of Life, MSW3, IUCN; total of 

195,562 unique equivalencies; updated from Meyer et al. (26)) to match the NCBI species and 

subspecies names to IUCN names. This initial procedure yielded direct matches for 4725 of the 

6247 NCBI names (75%) that our BLAST search returned. Of the remaining unmatched NCBI 

names, we matched 765 via manual reference to the literature, often by consulting paper 

appendices where given sequences were published. These names were ranked as species (304), 

subspecies (410), or had ambiguous epithets (51; “cf.”, “sp.”, etc.). We manually assigned per-

gene accession numbers for 77 species (135 sequences) where the corresponding NCBI taxon ID 

included sequences for multiple species (denoted as “added manually” in Table S1 and Dataset 

S1). The total of 5490 NCBI names matched included 1273 species synonyms, resulting in a 

starting list of 4217 accepted species with ≥ 1 targeted gene sampled (3954 IUCN species + 263 

added species; Fig. S3). These DNA data were the basis for parsing. 
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Fig. S3 
Our master taxonomy merges the mammal lists of NCBI (genetic data) and IUCN (name authority). Bars 

representing each taxonomic list are sized proportionately to the number of names in each list category. We 

conducted a baited BLAST search of NCBI using 31 genes, from which data was returned for ~85% of the NCBI 

names (6247 of 7319; list of 20 April 2015). Steps of synonym matching and taxon addition to the IUCN list 

resulted in our master taxonomy of 5911 species. Black corresponds to the 4217 species initially with DNA, 

including 410 species we added to the IUCN list (newly described species, domestic forms, or recently extinct), 

which was reduced to 4098 species after error-checking steps. See Dataset S2 for name reconciliations and Dataset 

S1 for DNA error-checking.  
  

2.2 Master taxonomy for this study 

We used a complex NCBI-to-IUCN taxonomic matchup system (Fig. S3) that produced 

our master taxonomy of 5911 mammalian species. We retained 5501 species names from the 

5513 species in the original IUCN list, synonymizing 12 species within existing IUCN names 

(“lumps”). We added 410 species to the IUCN base taxonomy, as follows: (i) 367 new species 

that were described since the ~2008 cutoff for most of the IUCN list (about 200 updates were 

made between 2009-2014); (ii) 13 domestic species; and (iii) 30 recently extinct species. The 

Mammal Diversity Database ((27, 28); https://mammaldiversity.org), which includes 6495 extant 

and recently extinct species as of 15 August 2017 (version 1.0), was an outgrowth of our project 

and continues to update mammalian taxonomy as new literature is published. 

For the new species, we integrated these names to the master taxonomy either as derived 

from portions of existing IUCN names (“splits”; 33 species), or else as new discoveries (“de 

novo”; 334 species). All splits had associated DNA sequences published with their taxonomic 

changes, while 56% of de novo species had DNA sampling for 1 or more of our targeted 

markers. Domestic species were in most cases sampled for all targeted loci (e.g., guinea pig, 

camel, sheep, goat) and therefore helped anchor their wild relatives in the phylogeny. Each of the 

recently extinct species that we added were sampled for at least 1 of our targeted loci and 

therefore were useful for dividing long branches in the tree (e.g., Archeolemur, Mammut, 

Mylodon). However, we did not attempt to add every Pleistocene extinct mammal (as did (18)). 

We also matched 17 of the 77 extinct species from the IUCN list (either extinct in the wild or 

overall) with 1 or more DNA sequences, yielding DNA for 47 of 107 extinct species in our list. 

We additionally followed recent taxonomic revisions to give new genus assignments to 76 

species in the IUCN list (denoted as “name transfers” in Dataset S1; see file for full accounts and 

references of taxonomic changes and the master taxonomy used in this study). Our master 

taxonomic list contains 5804 species considered extant out of 5911 species total, which is nearly 

400 more than MSW and IUCN (Table S2).  

 

 

Supplementary Fig. 2

Our master taxonomy (5911 species) results from uniting the mammal lists of NCBI (genetic data) and 

IUCN (name authority). Bars representing each taxonomic list are sized proportionately to the number of 

names in each list category. We conducted a baited BLAST search of NCBI using 31 genes, from which data 
was returned for ~85% of the NCBI names (6247 of 7319; list of 20 April 2015). Steps of synonym matching 

and taxon addition to the IUCN list resulted in our master taxonomy. Black corresponds to the 4217 species 

initially with DNA, including 410 species we added to the IUCN list (newly described species, domestic forms, 

or recently extinct), which was reduced to 4098 species after error-checking steps. See Supplementary 

Information and Data 2 for name reconciliations and Supplementary Data 1 for DNA error-checking. 

IUCN taxonomy

 
NCBI taxonomy

(7319 species 

and subspecies)

 lumps

Master taxonomy (5911 species, ~71% with DNA)

unmatched

taxa

matched and added species 

(~64% with DNA) 

no DNA (5513 species)species with DNA
3954

Results from 31-gene BLAST search

1273

matched

synonymized

4
1

0

1547

1
2

0/31 genes
matched to IUCN 

DNA 

error-checking

(excludes 119 species)

610

31-gene 

supermatrix

(4098 of 5911 species)

39541072

https://mammaldiversity.org)/
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Table S2. 
The master taxonomy of this study vs. existing authoritative lists. 

Common authorities for mammals are Mammal Species of the 

World, vol. 3 (24) (MSW3), International Union for the Conservation 

of Nature (29) (IUCN), and the Mammal Diversity Database 

(MDD(27)). See Fig. S3 for a conceptual breakdown of the input 

sources to the master taxonomy and Dataset S1 for full 

documentation of changes. 

 

Taxa 
MSW3 

2005 

IUCN 

2008 

MDD v1 

2017 

Master 

taxonomy 

(this study) 

Species     

Total 5,416 5,513 6,495 5,911 

Extinct 1 77 96 107 

Living 5,415 5,436 6,399 5,804 

Living wild 5,415 5,436 6,382 5,791 

Genera 1,230 1,226 1,314 1,283 

Families 153 149 167 162 

Orders 29 24 27 27 

 

3. Error-checking via iterative DNA sequence alignment and gene tree construction  

The abundance of annotation errors on GenBank (e.g., incorrect taxon or gene 

identifications; (30–32)) is well-known. To address this, we used a per-gene approach to 

iteratively clean DNA data via (i) alignment, (ii) trees, and (iii) error-checking (Fig. S1a). 

3.1 DNA alignments and pseudogenes 

For the 26 coding fragments (mtDNA and exons), we aligned each to the appropriate 

amino acid reading frame using MACSE v1.0 (33), aiming to minimize stop codons with 

reference to per-gene guide alignments (e.g., from Meredith et al. (20)). This procedure allowed 

us to identify 30 sequences with stop codons that we confirmed as nuclear mitochondrial copies 

(numts) or pseudogenes; of these, 21 were replaced with another sequence from GenBank while 

the remaining 9 had no appropriate replacement. Gene sequences of ENAM and IRBP containing 

known loss-of-function stop codons were retained for enamel-absent (e.g., baleen whales, 

xenarthrans) and blind (e.g., blind mole-rats) species of mammals, respectively. Additional 

sequence alignment was performed in MAFFT version 7.245 (34) with manual checking. 

We aligned the 5 non-coding (NC) nuclear genes using PRANK v.140603 (35), an 

algorithm which is able to distinguish between insertions and deletion events in the alignment. 

Ambiguity in the resulting alignments was reduced using the “-gappyout” method in trimAl 

v1.2b (36) to exclude the most gap-rich columns of the alignment. We visually inspected all 

alignments for clear errors in homology, and in several cases excluded unaligned (entirely non-

overlapping) sequences. The full list of excluded sequences is in Dataset S1. 

3.2 Gene tree construction and rogue taxon identification 

We generated maximum-likelihood (ML) gene trees for several additional rounds of 

sequence verification. We used RAxML v.8.2.3 (37), the GTRCAT model of DNA evolution, 

and the “-f a” option to specify 1000 rapid bootstrap replicates for all gene trees. Outgroup 

selection was a key step of this process since sequences of the same outgroup taxon were not 
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available across all 31 gene fragments. In fact, the analyses of Meredith et al. (20) suffered from 

the same problem: 10 of the 27 gene fragments in their concatenated analyses lacked a non-

mammalian outgroup (3, 4, or 5 outgroup taxa were sampled for their remaining genes; Table 

S3). When available (for 21 genes), we used the lizard Anolis carolinensis as the outgroup to 

mammals, since together they form the clade Synapsida (38). Otherwise, for 4 genes we used a 

monotreme outgroup (Ornithorhynchus anatinus) to a therian ingroup, and for 6 genes a 

marsupial outgroup (Monodelphis domestica) to a placental ingroup (Table S3). For those 10 

genes, we pruned alignments to the ingroup and single outgroup for purposes of sequence 

validation, but in downstream analyses retained all mammals. 

Rogue taxa are defined as those that “jump around” beyond a desired threshold in a 

sample of phylogenetic trees and reduce nodal support (39, 40), a problem we sought to 

minimize within per-gene alignments. This phenomenon is attributable to ambiguous or 

inadequate phylogenetic signal in a particular sequence (41), often due to an insufficient extent 

of sequence overlap, too few informative sites, gene mis-identification, or paralogy (42). We 

expected the number of rogues in an alignment to be related to the site-by-taxon coverage 

pattern, and to corresponding metrics of fractional decisiveness used to measure a matrix’s 

power to distinguish between terraces of phylogenetic trees with similar likelihood (43). By 

pruning out rogues, we were able to improve the overall information content of resulting gene 

trees as measured using the relative bipartition information criterion (RBIC) (40). This procedure 

was therefore conservative. 

For each gene, we identified rogue taxa using RogueNaRok v1.0 (40) on the best-scoring 

ML tree and bootstrap sample of 1000 trees as input. The number of rogues identified per gene 

varied from 2 (ENAM; 0.8% of input sequences) to 237 (CYTB; 6.2%), with a mean of 49.6 

rogues per gene (6.8%). In total, we identified 1537 rogues that, when excluded from each 

alignment, improved mean per-gene RBIC by 0.014 (max: 0.025 in ADORA3). To test whether 

excluding additional rogue sequences might further improve alignments, we built a second round 

of ML gene trees on the rogue-pruned alignments as input for RogueNaRok. We found that a 

mean RBIC improvement of 0.002 per gene could be obtained by excluding 354 more rogues 

(mean of 11 per gene). However, given this small change we decided instead to retain those 

DNA sequences to maximize taxon sampling.  

3.3 Visual error-checking of gene trees 

We identified an additional 73 erroneous sequences by visually examining each ML gene 

tree after rogue-taxon exclusion. We flagged sequences based on expectations of monophyly in 

established higher clades (e.g., orders), and then investigated each flagged sequence for errors in 

labeling or alignment. Of these sequences, 28 were NCBI author-based errors of sequence 

contamination or mislabeling (including four cases of Rattus contamination), as well as four 

additional pseudogene sequences. We also note that four sequences from Meredith et al. (20) 

appear to be mis-annotated: COI: Sapajus apella (Primates; JN380205) as identical to Canis 

lupus (Carnivora; KF661058); CREM: Pecari tajacu (Artiodactyla; JN633478) as highly similar 

to Ailuropoda melanoleuca (Carnivora); RAG2: Cratogeomys castanops (Geomyidae; 

JN633333) as more similar to Octodontomys gliroides (Octodontidae; JN633335) than other 

Geomyidae; and VWF: Ctenomys boliviensis (Ctenomyidae; JN415078) as more similar to 

Proechimys (Echimyidae) than other Ctenomyidae. All erroneous sequences were excluded from 

downstream analyses. See Dataset S1 for the full details of erroneous sequences (pseudogenes, 

stop codons), rogue taxa, and contaminants detected, with accession numbers.  
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In total, our error-checking steps excluded 1618 sequences across all genes (i.e., 7.2% of 

the 22,504 individual DNA sequences; Table S1). This corresponded to excluding 119 species 

from the 31-gene supermatrix due to unreliable data, yielding 4098 species with at least 1 gene 

fragment present and validated in the final supermatrix.  

3.4 Final gene alignments and gene trees 

Our procedure of DNA-baits searching, curation, and alignment of sequences from the 

NCBI database resulted in taxon sampling that ranged from 191 (BMI1) to 3581 (CYTB) species 

per gene (Table S3). The mtDNA genes were generally sampled for more species than the nDNA 

genes (means of 1803.0 vs. 512.3 species), although 3 nDNA loci (IRBP, GHR, and BRCA1) 

were sampled more frequently than ND1. Per-gene matrices were most completely sampled for 

BMI and TYR (>98% ungapped sites) and most incomplete for DMP1 (41% ungapped), while 

the best mean coverage of species per site was found in CYTB, COI, and IRBP (3318.0, 1657.4, 

and 1231.9, respectively; Table S3). Final gene trees were calculated in RAxML with the 

GTRCAT model and 1000 rapid bootstrap replicates. These large phylogenies were plotted in the 

R programming language (44) using the function “splitplotTree” in the phytools package (45), 

and with nodal support values annotated using the phyloch package 

(http://www.christophheibl.de/Rpackages.html; final gene trees and plotted versions are 

available in Dataset S2).  

Gene trees were not separately considered in subsequent analyses (e.g., as under the 

multispecies coalescent; (8)) for 2 reasons: (i) our primary aim was not upon the best species tree 

topology for Mammalia, but rather consistently estimating tree-wide branch lengths for this 

group; and (ii) current methods cannot handle more than 1000 species (e.g., ASTRAL-II; (11)). 

Instead, we focused on analyses of the concatenated DNA supermatrix, first for global RAxML 

analyses (section 4) and then as subset taxonomically for each of the subclades (“patch” clades; 

section 5), and subset by lineage representatives for the time-scaled backbone (section 6). 

Finally, the patch and backbone phylogenies were joined into time-scaled trees of modern 

Mammalia (section 7). 
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Table S3. 
Final alignment details for the 31 gene fragments used in this study. Comparison is made to the family-level 

phylogenetic study of Meredith et al. (20) (M11) for the number of aligned sites (with gaps) and mammalian taxa 

sampled per gene. The per-gene outgroup(s) are noted in parentheses, either as the number of outgroup taxa used 

in M11, or identifying the outgroup used in gene tree-building for this study (A = Anolis, O = Ornithorhynchus, 

M = Monodelphis). Note that RAG1a and RAG1b fragments are combined in M11. Site identity is calculated 

pairwise, matrix completeness (comp.) is the sites-by-taxa percentage of ungapped sites, and mean coverage 

refers to the mean ungapped sites per matrix column (i.e., mean taxon sampling per site). NC = non-coding.  

 

    M11 This study      

Gene Region # sites # taxa # sites # taxa 

GC 

content 

Identical 

sites 

Matrix 

comp. 

Mean 

coverage 

A2AB exon 848 165 (4) 603 290 (A) 61.0% 85.2% 91.9% 284.1 

ADORA3 exon 332 163 (3) 369 429 (A) 45.8% 83.0% 86.6% 427.7 

ADRB2 exon 803 155 (5) 846 218 (A) 53.3% 86.1% 94.3% 215.1 

APOB exon 2624 168 (5) 2523 587 (A) 41.8% 35.2% 51.7% 334.7 

APP NC 696 152 (0) 636 414 (M) 37.7% 84.1% 94.7% 403.6 

ATP7 exon 686 163 (3) 723 469 (A) 40.6% 83.4% 91.5% 459.8 

BCHE exon 995 149 (5) 1020 309 (A) 40.8% 82.0% 94.0% 300.3 

BDNF exon 560 157 (5) 612 508 (A) 55.1% 85.3% 87.8% 489.4 

BMI1 NC 336 150 (0) 292 191 (O) 33.5% 92.4% 98.9% 189.9 

BRCA1 exon 3092 160 (0) 3264 969 (M) 41.7% 36.1% 47.0% 538.1 

BRCA2 exon 5045 163 (0) 4854 306 (O) 34.4% 41.8% 52.5% 183.3 

CNR1 exon 1004 162 (5) 1017 356 (A) 54.0% 83.9% 93.8% 342.6 

COI mtDNA -- --  672 1686 (A) 43.0% 76.6% 96.1% 1657.4 

CREM NC 441 155 (0) 350 331 (O) 44.7% 80.7% 95.8% 322.5 

CYTB mtDNA -- --  1167 3581 (A) 41.5% 65.8% 90.4% 3318.0 

DMP1 exon 1361 161 (0) 1503 415 (M) 51.6% 28.3% 41.1% 205.3 

EDG1 exon 959 153 (5) 963 313 (A) 56.3% 84.1% 95.5% 301.8 

ENAM exon 3899 162 (0) 3477 247 (O) 44.5% 58.2% 68.9% 215.5 

FBN1 NC 745 150 (0) 669 301 (M) 33.6% 81.8% 93.6% 289.3 

GHR exon 947 165 (4) 1044 978 (A) 49.1% 58.2% 70.1% 794.5 

IRBP exon 1253 161 (5) 1146 1345 (A) 59.4% 69.5% 85.4% 1231.9 

ND1 mtDNA -- --  975 962 (A) 40.6% 71.0% 94.4% 925.5 

ND2 mtDNA -- --  1074 983 (A) 37.2% 57.7% 86.3% 873.3 

PLCB4 NC 350 156 (0) 288 478 (M) 40.1% 75.9% 96.2% 469.6 

PNOC exon 320 144 (0) 339 410 (M) 62.5% 79.7% 82.7% 403.5 

RAG1a exon 1799 168 (5) 1050 639 (A) 51.5% 66.2% 84.6% 556.8 

RAG1b exon -- --  1071 936 (A) 50.6% 61.8% 81.1% 763.6 

RAG2 exon 446 163 (5) 450 889 (A) 44.1% 86.9% 97.5% 879.4 

TTN exon 4437 168 (5) 4479 345 (A) 42.0% 41.1% 58.9% 205.4 

TYR1 exon 428 151 (5) 429 336 (A) 46.9% 85.4% 98.8% 334.2 

VWF exon 1172 162 (3) 1194 821 (A) 59.0% 64.4% 84.0% 707.5 

Total concatenated 35603 164 (5) 39099 4098 (A) 45.3% 13.4% 11.9% 1651.2 
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4. Global genetic scaffold tree using maximum likelihood 

4.1 Supermatrix concatenation 

Concatenation of the 31 gene fragments was performed in Geneious v.9.1 (46), resulting 

in a sites-by-taxon supermatrix of 39,099 base pairs (bp) and 4098 species that was 11.9% 

complete in terms of ungapped sites. This is a substantial level of missing data (88.1%), but is 

comparable to other recent large-scale studies (e.g., 81% for squamates in Pyron et al. (47)) and 

not expected to interfere with accurate phylogeny estimation (48, 49). Simulations instead 

suggest that specifying relevant nucleotide evolution models and properly partitioning sequence 

data are more consequential for accurate phylogeny reconstruction than matrix completion (49). 

4.2 PartitionFinder 

We estimated an optimal partitioning scheme for the supermatrix using PartitionFinder 

v.1.1.1 (50) to test whether sets of partitions could be combined (e.g., based on similar 

nucleotide compositions or substitution rates) to yield simpler models of molecular evolution. 

We tested 3 a priori sets of partitions: (i) 83 partitions, 1 for each coding gene by codon position 

(26 × 3) plus the 5 NC genes; (ii) 31 partitions, 1 for each gene; and (iii) 11 partitions, 1 for each 

nDNA and mtDNA coding region by codon position (2 × 3) plus the 5 NC genes. Running 

PartitionFinder using the full concatenated alignment, relaxed cluster searching (top 10% of 

schemes; (51)), linked branch lengths, and BIC model selection, we found those partition sets 

could be reduced to 38, 19, and 9 partitions, respectively.  

The best BIC score was for the simplest 9-partition model (6,790,459.3; the 38- and 19-

partition models had BIC scores of 6,844,238.7 and 6,933,022.3). We subsequently used the 9-

partition model for all ensuing phylogenetic analyses, including global, patch, and backbone 

trees (see below). This model has a combined partition for APP, CREM, and FBN1, and then 1 

partition each for BMI1; PLCB4; and first, second and third codon partitions for nDNA exons as 

well as for mtDNA fragments (Table S4). For all partitions, either general time-reversible plus 

gamma (GTR+G) or plus gamma and invariant sites (GTR+I+G) was the best model of 

nucleotide evolution. We chose the simpler GTR+G model for all downstream phylogenetic 

analyses, since including both I and G types of rate heterogeneity is known to make both model 

parameters difficult to estimate (37, 52). Our final partitioning scheme usefully captures rate 

heterogeneity across inheritance types and synonymous versus non-synonymous substitution 

types, while not being overly complex for large-scale inference on our gappy supermatrix (see 

(53) for a similar partitioning strategy). 
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Table S4. 
Model parameters optimized during the global RAxML tree search of the 4098-species supermatrix.  

Summarized per partition are the number of distinct alignment patterns, estimated alpha-shape parameter (α) of 

the gamma distribution, two-way rates of the GTR (general time-reversible) model of nucleotide evolution, and 

empirical base frequencies. 

 

  

Patterns α 

Rates Frequencies 

Partition A/C A/G A/T C/G C/T G/T A C G T 

nDNA, pos1  9345 0.40 1.69 4.54 0.86 1.07 4.02 1.00 0.28 0.23 0.28 0.21 

nDNA, pos2  8806 0.38 1.27 5.34 0.76 1.50 4.44 1.00 0.29 0.24 0.21 0.26 

nDNA, pos3  10685 1.19 1.22 5.42 0.90 1.08 5.88 1.00 0.24 0.26 0.25 0.25 

mtDNA, pos1  1253 0.52 1.08 6.67 1.70 0.17 16.01 1.00 0.30 0.25 0.22 0.23 

mtDNA, pos2  1213 0.39 3.38 18.08 2.25 3.84 14.26 1.00 0.19 0.27 0.13 0.42 

mtDNA, pos3  1292 0.05 0.36 9.53 0.52 0.46 6.04 1.00 0.42 0.32 0.04 0.22 

APP, CREM, 

FBN1  1558 0.34 1.32 3.39 0.39 0.93 3.40 1.00 0.27 0.22 0.22 0.29 

BMI1  244 0.24 1.65 4.33 1.04 0.78 5.00 1.00 0.26 0.23 0.22 0.29 

PLCB4  287 0.49 1.03 3.67 0.52 0.78 3.08 1.00 0.32 0.24 0.19 0.25 

 

4.3 Global ML tree in RAxML 

Phylogenetic analysis of the 4098-species supermatrix was first performed under ML 

criteria in RAxML with the goal to identify the best-supported topology for global mammals. We 

ran 5 independent analyses, each specifying 100 bootstrap replicates and using the “-f a” option 

and GTRCAT model to search for the best-scoring ML tree (with this setting, the ML 

optimizations start from every fifth bootstrap tree (37)). Each RAxML analysis took ~5.7 days as 

conducted on 12 nodes of 4 threads each on the XSEDE on-line computing cluster (accessed via 

the CIPRES Science Gateway (54)). All five runs returned the exact same ML optimization 

likelihood of -3383607.6 and tree lengths of 255.3, although with slight differences in topology.  

We subsequently summarized this single best ML tree by rooting it with Anolis and 

annotating nodes with bipartition values from 100 bootstrap replicates. Note that it is the normal 

behavior of ML algorithms, including RAxML, to initially estimate all trees as unrooted and then 

to secondarily root with outgroup(s) for purposes of tree-drawing (37). This global ML tree was 

re-rooted and plotted using the R package ape (55) with nodal support values annotated using 

“phyloch” functions. See files and pdf plots of this global RAxML tree in Dataset S3. 

 

5. Patch clade trees and PASTIS completion of missing species 

5.1 Delimitation of patch clades 

Examination of well-supported nodes (>75% bootstrap support [BS]) in the global ML 

tree informed inferences of how to best divide the mammalian phylogeny into “patch clade” 

units, i.e., non-overlapping subclades where hard monophyly was assumed throughout 

subsequent analyses (2). Delimiting patch clades was an essential step toward accomplishing 

goals of (i) estimating branch lengths from root-to-tip using the same underlying DNA matrix; 

(ii) adding DNA-missing species within taxonomic constraints (1); and (iii) propagating 
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posterior uncertainty in node ages and topology downstream. Bayesian methods implemented in 

MrBayes v.3.2.6 (3) allowed flexible topological and model constraints that were especially well 

suited to these goals. However, because MrBayes is computationally intensive, the size of our 

patch clades was limited to < 800 species to foster analysis completion in less than 1 month. 

Near this maximum, our largest patch clade (Muridae, 778 species) took 3.7 weeks to finish 

33,330,000 generations in parallel on 16 BEAGLE-enabled compute nodes in the XSEDE on-

line cluster (1.5-4.5 weeks for clades >200 species; matrix complexity also affected run times). 

In total, we delimited 28 patch clades (Table S5). These were selected after considering 

criteria of clade size, evidence for clade monophyly from the global ML tree, and the structure of 

inter-clade phylogenetic relationships. This task of balancing between reasonable assumptions of 

monophyly and the maximum patch clade size was especially challenging in bats and rodents. 

Here species richness is highest, but so is missing genetic data and topological uncertainty. In the 

mouse-related clade of rodents (1768 total species, 64% genetic sampling; (56)), we addressed 

this issue by dividing data into 2 large and likely monophyletic clades (Muridae and Cricetidae) 

and several smaller Muroidea patch clades for which interrelationships are uncertain (e.g., 

Dipodidae, Spalacidae, Nesomyidae, Calomyscidae, Platacanthomyidae; (57)). We thus avoided 

assuming a backbone topology for mouse-related rodents; instead, uncertainty in patch 

interrelationships was captured on the dated Mammalia backbone (see below). Note that these 

smaller patches were all well supported in the global ML tree except the Nesomyidae rodents of 

Madagascar (BS 72), which are well supported as monophyletic in other studies (57, 58) 

For bats, major topological uncertainty lies within Yangochiroptera (902 species, 67% 

genetic sampling), especially among its most basal divergences (59–61). However, the compute 

time required to run Yangochiroptera as a single patch clade was prohibitive (initial attempts 

suggested 6-8 weeks), and with no guarantee of convergence (matrix < 10% complete). Rather, 

we divided this monophyletic unit (94 BS value, Dataset S3) into 3 patch clades:  

(i) Noctilionoidea (Phyllostomidae, Mormoopidae, Noctilionidae, Thyropteridae, 

Furipteridae, Mystacinidae, and Myzopodidae); 

(ii) Vespertilionoidea (Vespertilionidae, Molossidae, and Natalidae); and,  

(iii) Emballonuroidea (Emballonuridae and Nycteridae). 

Most controversial of these delimitations is the placement of Myzopodidae, which we include 

with Noctilionoidea according to BS 76% in the global ML tree (supported by (20, 61) but (60) 

instead links this family to emballonurids). Support for the Vespertilionoidea was uncertain in 

our global ML tree (BS 51 joining Natalidae with Molossidae + Vespertilionidae; BS 48 for 

Vespertilionidae with Mollosidae), and similarly we recovered Emballonuroidea with BS 52. 

Nevertheless, our patch clade schema represents the best-supported hypotheses for 

Yangochiroptera given computational constraints. These bats are a poorly known portion of 

mammalian diversity that will undoubtedly improve in resolution with further work (see (60)). 

 The remaining patch clades encompassed major swaths of mammalian diversity (e.g., 

Marsupialia, Primates), but also very small clades like Monotremata (5 species), Pholidota (8), 

and Dermoptera (2; Table S5). The structure of the phylogeny and backbone uncertainty 

necessitated small clades to minimize unsupported monophyly assumptions. Our small patch 

clades (Dermoptera and Platacanthomyidae) were needed for this reason; yet since phylogeny 

construction requires a minimum of 4 taxa, we added 2 species to their ingroups for MrBayes 

runs (Callithrix jacchus and Gorilla gorilla, and Rattus norvegicus and Spalax ehrenbergi, 

respectively). These species were pruned out before rescaling and pasting to the backbone.  
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Table S5. 
Summary of patch clade and matrix composition. Included are per-patch clade values for total species in our 

master taxonomy, number of species sampled for DNA (one or more genes), bootstrap support value in the 

global RAxML tree (ML tree BS), outgroup clade and designated representative in MrBayes analyses, matrix 

percent complete (sites-by-taxa completeness of ungapped sites, with the no-DNA species as missing data), 

distinct alignment patterns as determined by RAxML, and the full run time (weeks) in MrBayes if > 1 week. 

 

# Patch name Total Samp. % 

ML 

tree 

BS 

Outgroup species in 

MrBayes 

M
a
tr

ix
 

%
 c
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m

p
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tt
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r
n

s 

R
u

n
 t
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e
 

1 Marsupials 362 279 77 97 Rattus_norvegicus 18.0 20617 4.50 

2 Afrotheria 92 61 66 99 Dasypus_novemcinctus 21.8 14132 < 1 

3 Xenarthra 33 21 64 100 Trichechus_manatus 33.4 7164 < 1 

4 Scandentia 20 13 65 100 Galeopterus_variegatus 32.5 3324 < 1 

5 Primates 458 333 73 95 Galeopterus_variegatus 19.4 16165 4.50 

6 Lagomorpha 91 72 79 100 Rattus_norvegicus 8.8 3855 < 1 

7 Castorimorpha 109 100 92 100 Rattus_norvegicus 9.0 5507 < 1 

8 Dipodidae 51 33 16 100 Rattus_norvegicus 15.4 4166 < 1 

9 Spalacidae 21 16 76 37 Rattus_norvegicus 16.5 2487 < 1 

10 Nesomyidae 63 37 59 72 Rattus_norvegicus 10.6 3291 < 1 

11 Muridae 779 411 53 88 Cricetulus_barabensis 8.8 9480 3.70 

12 Cricetidae 726 528 73 93 Rattus_norvegicus 7.3 9926 4.50 

13 Squirrel-related 320 216 68 95 Erethizon_dorsatum 6.7 8050 1.50 

14 Guinea pig-related 304 204 67 100 Ictidomys_tridecemlineatus 13.3 18949 3.70 

15 Eulipotyphla 491 301 61 94 Pteronotus_parnellii 8.7 13786 3.70 

16 Noctilionoidea 227 190 84 76 Pteropus_alecto 11.5 11273 1.50 

17 Vespertilionoidea 605 367 61 51 Pteropus_alecto 7.0 9694 3.50 

18 Emballonuroidea  70 46 66 51 Pteropus_alecto 9.7 4013 < 1 

19 Yinpterochiroptera 385 250 65 96 Pteronotus_parnellii 10.6 11463 2.50 

20 Artiodactyla 348 311 89 100 Felis_catus 17.3 14488 2.00 

21 Perissodactyla 24 22 92 100 Felis_catus 28.1 3411 < 1 

22 Carnivora 298 267 90 99 Manis_pentadactyla 18.0 12978 2.20 

23 Monotremata 5 3 60 100 Rattus_norvegicus 47.1 802 < 1 

24 Pholidota 8 6 75 100 Felis_catus 36.6 1132 < 1 

25 Dermoptera 2* 2 100 100 Tupaia_belangeri 79.9 2094 < 1 

26 Anomaluromorpha 9 4 44 100 Rattus_norvegicus 46.9 972 < 1 

27 Calomyscidae 8 3 38 100 Rattus_norvegicus 23.9 185 < 1 

28 Platacanthomyidae 2* 1 50 N/A Jaculus_jaculus 61.5 1055 < 1 

 

* Patch clades with fewer than 4 species were supplemented with additional related taxa for the purposes 

of MrBayes runs, but they were then pruned out before rescaling and pasting the patches to the backbone. 
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5.2 Genetic missingness, taxonomic constraints, and species completion 

We followed Jetz et al. (2) in classifying DNA-sampled species as type 1 (sampled for 1 

or more genes) and DNA-missing species as type 2, 3, or 4, as follows:  

• Type 2: DNA available for at least 1 congeneric species (constrain to genus) 

• Type 3: no DNA in the genus, but available in the same family (constrain to family) 

• Type 4: no DNA in the family, but available in the same order (constrain to order) 

Along with 4098 type 1 species, we had 1649 species in the type 2 category, meaning that 

91% of the 1813 DNA-missing species could be constrained to a DNA-sampled genus. Beyond 

that, we had 115 genera entirely unsampled for DNA, to which 156 type 3 species belong. Most 

of these missing genera are rodents (73 genera, 58 of which are muroids) or bats (22 genera), 

highlighting the large amount of molecular systematics yet to be conducted in those groups. 

Additionally, there were 3 extinct families in our taxonomy to which no DNA was available (8 

species in the type 4 category): Nesophontidae, Prolagidae, and Thylacinidae. Both Nesophontes 

(62) and Thylacinus (63) have been sequenced since our data cutoff date; however, Prolagus 

remains unsequenced (but see (64)). Full details of these DNA-missing species are in Dataset S4. 

Taxon assignments, including subfamily and tribal constraints for the speciose and uncertain 

Cricetidae and Muridae, are noted in Dataset S4. 

Taxonomic constraints for the addition of missing species (also called ‘taxonomic 

imputation’) during patch clade estimation in MrBayes were formed with the assistance of the 

PASTIS package in R (1). Using this package, we generated ready-to-execute MrBayes files for 

each patch clade from the following inputs: (i) sequences file of aligned DNA in FASTA format; 

(ii) taxa file of genus membership for all sampled and missing species; (iii) missing clades file (if 

needed) designating where to constrain missing genera; (iv) guide tree file giving the 

relationships of DNA-sampled species (global ML tree described in section 4, pruned to patch 

clade species); and (v) template file specifying other MrBayes settings (e.g., rate priors, data 

partitions). Pruned portions of the global ML tree were not further altered, so all nodes present in 

that global tree—even those with low BS support—were enforced as topology constraints for 

purposes of adding DNA-missing species to posterior phylogenies. This procedure ensured that 

missing species were added in a phylogenetically informed way. However, it also fixed the 

topology of DNA-sampled species to the exact topology of the global ML tree. We viewed this 

trade-off in phylogenetic certainty to be acceptable given that it propagated our most confident 

inferences of species-level phylogenetic relationships (i.e., those from DNA-only likelihood 

analyses) into the completed patch phylogenies and to full Mammalia trees downstream, while 

guaranteeing that DNA-missing species were placed appropriately. 

From the input files, PASTIS adds DNA-missing species to the matrix block with “?” as 

the character datum for all aligned sites. If left unconstrained, those completed species would be 

placed at random throughout the posterior sample of trees. The flexible system of “hard”, 

“negative”, and “partial” constraints in MrBayes, when arranged hierarchically, can restrict taxon 

additions to inside a given clade and outside other clades (1, 3). Branch lengths for those 

completed species are drawn from the same underlying birth-death distribution as the rest of the 

patch clade, tending PASTIS completions conservatively to rate-constant processes (1, 2). 

Therefore, tests of the null hypothesis of constant rate diversification were expected to be 

conservative. By using PASTIS to construct our taxon addition constraints, we reduced the 

potential for human error while automating the recognition of non-monophyletic genera in the 

global ML tree. Given the tree topology and presumed genus assignment, PASTIS uses the least 
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inclusive clade containing all DNA-sampled members of a given genus as the partial constraint 

for placing missing species randomly within that clade. For example, the task of constraining 39 

missing species of Rattus (of 66 total) is complicated by its paraphyly with respect to Diplothrix, 

Limnomys, Tarsomys, Bandicota, and Nesokia (Dataset S3). By using partial constraints, we 

could constrain those missing Rattus species to their paraphyletic grouping across the posterior 

distribution.  

A main advantage of phylogeny-based completion using PASTIS, as compared to other 

methods of taxonomic imputation (e.g., (65)), is that it preserves the taxonomically expected tree 

shape for downstream applications (1). However, we note that comparative analyses using these 

completed trees are especially sensitive to posterior topological uncertainty among the DNA-

missing species. Thus, downstream analyses should aim to propagate uncertainty by analyzing a 

sample of trees, not just the consensus topology. Although we display a maximum clade 

consensus (MCC) topology in Fig. 1, all comparative analyses were based on 100 trees (except 

for the BAMM analyses, where 10 trees were examined). See section 7 below on the pitfalls of 

generating a consensus topology from PASTIS-completed trees. 

5.3 Patch clade estimation in MrBayes  

The topology and relative branch lengths of each patch clade was estimated using 

identical modelling frameworks and settings implemented in MrBayes v.3.2.6 (3). Ultrametric 

branch lengths were initially estimated in units of expected substitutions/site and subsequently 

re-scaled to absolute time in millions of years (see below, section 7). For each patch clade, 

parameters of the GTR+G model were estimated independently among the 9 DNA partitions, as 

described above for the global ML tree. Although simpler partitioning strategies might have been 

selected for some (especially smaller) patch clades, we decided to maintain consistency in the 

model parameters across all reconstructions. Molecular rate multipliers were estimated for each 

partition (ratepr=variable) to account for heterotachy (e.g., mtDNA 2nd vs 3rd positions (66, 67), 

the latter of which evolved ~30x faster in our analyses, data not shown). We specified a relaxed 

clock model of each branch having an independent rate drawn from a gamma distribution (68) 

and length drawn from a birth-death process (brlenspr = clock:birthdeath). Exponential 

distributions were given to priors for clock rate variance and net diversification (with mean of 

0.1) and a beta prior (0-1) on the relative extinction rate. We set the ingroup sampling probability 

to 1.0 in all cases, since the DNA matrices were taxonomically complete.  

For each patch clade, we performed four parallel runs of MrBayes on the XSEDE on-line 

computing cluster, each run consisting of four chains of Markov chain Monte Carlo (MCMC; 3 

heated and 1 cold), and sampled every 10,000 steps for 33,330,000 generations. Here is an 

example of our command blocks: 

begin MRBAYES;  

<define charsets of 9 partitions> 

 

partition matrices = 9: nDNA_pos1, nDNA_pos2, nDNA_pos3, mtDNA_pos1, 

mtDNA_pos2, mtDNA_pos3, APP_CREM_FBN1, BMI1, PLCB4; 

set partition = matrices;  

 

lset applyto = (all) nst=6 rates=gamma;    [GTR+G model] 

unlink statefreq=(all) revmat=(all) shape=(all); [model unlink by partition] 

prset applyto=(all) ratepr=variable;   [partition-specific rates] 
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<define topology constraints> 

prset topologypr=constraints(<list constraint names>) 

 

prset brlenspr = clock:birthdeath;  [clock trees, no fossils] 

prset speciationpr = exp(10);      [net diversification rate] 

prset extinctionpr = beta(1,1);     [relative extinction rate] 

prset sampleprob = 1.0;      [taxon sampling complete] 

prset clockvarpr=igr;       [independent gamma rates] 

prset igrvarpr=exponential(10);    [prior on IGR variance] 

prset clockratepr = Fixed(1.0);  [default: time unit is number 

of expected 

substitutions/site] 

mcmcp ngen= 33330000 nruns=4 nchains=4  

samplefreq=10000 printfreq=10000 savebrlens=yes; [mcmc settings] 

propset ParsSPRClock(Tau{all},V{all})$warp=0.01; [parsimony-based topology  

proposals to speed up 

searches] 

mcmc;         [start mcmc] 

 

6. Fossil-dated backbone trees 

Divergence times and evolutionary relationships among basal lineages of mammals 

served as the “backbone phylogeny” to which all patch clades were re-scaled to absolute time, 

and then joined to form full species-level trees of Mammalia (Fig. S1). Fossil information 

provided the temporal framework for calibrating backbone divergences. We examined 2 types of 

fossil-calibrated analyses for the backbone: (i) node-dating, where the oldest fossil per living 

lineage was used to constrain minimum node ages; and (ii) tip-dating, where fossil and living 

taxa were jointly analyzed and fossil stratigraphy informed node ages without other assumptions. 

In both sets of analyses, we focused on a common set of extant taxa to subset the 31-gene 

supermatrix for molecular characters: 59 mammals, representing each of the 28 patch clades plus 

select family-level taxa, and 1 outgroup (Anolis carolinensis). Taxa were selected as 

representatives based on their extent of genetic sampling, which for most taxa was >25 of 31 

genes (median: 29, range: 3-31). Some taxa were selected so that nodes were present for 

subsequent age constraint in the node-dating analyses (section 6.1, below). Other taxa were 

selected by their inclusion in the morphological data set of Zhou et al. (69), which we used in the 

tip-dating analyses (section 6.2). Dataset S5 provides details of backbone taxon sampling and the 

constraints employed in each analysis.  

6.1 Node-dating backbone analyses 

Fossil calibrations for the constraint of mammalian node ages were selected from the 

compendium of Benton et al. (70), as augmented by Philips (71), and using the following criteria 

(72): (i) confidence in placement, especially in cladistic analyses; (ii) confidence in the 

monophyly of the age-constrained node, which was a requirement of MrBayes; and (iii) lack of 

conflict in age priors, determined both in proximity of node constraints and empirically with trial 

runs in MrBayes. In total, we decided upon 17 optimal age constraints (also Dataset S5): 

1. Mammalia: 164.9 Ma minimum age to 201.5 Ma maximum age (set by Jurassic-Triassic 

boundary). Minimum defined by Ambondro mahabo, member of the monotreme clade 

Australosphenida from the middle Jurassic (Bathonian) of Madagascar (70, 73–75). 
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2. Monotremata: 15.97 to 113.0 Ma (lower Albian, early Cretaceous). Obdurodon dicksoni, 

stem member of Ornithorhynchidae from the early Miocene (Burdigalian) of northwestern 

Queensland, Australia (71, 76, 77). 

3. Marsupialia: 47.6 to 131.3 Ma (lower Barremian, early Cretaceous). Djarthia 

murgonensis, crown marsupial from the early Eocene (Ypresian) of Murgon, Australia (70, 

78). 

4. Macropodoidea: 15.97 to 54.65 Ma (earliest Eocene). Ganguroo bilamina, stem or crown 

member of Macropodidae (to the exclusion of Potoroidae from the early Miocene 

(Burdigalian) of northwestern Queensland, Australia (71, 79). 

5. Theria: 156.3 to 169.6 Ma (lower Bathonian, middle Jurassic). Juramaia sinensis, stem 

eutherian from the late Jurassic (Oxfordian) of the Northeastern China (70, 75). 

6. Placentalia: 61.6 to 164.6 Ma (lower Oxfordian, late Jurassic). Ravenictis krausei, stem 

carnivoran from the early Paleocene (Danian) of Saskatchewan, Canada (70, 80).  

7. Afrotheria: 56.0 to 164.6 Ma (lower Oxfordian, late Jurassic). Eritherium azzouzorum, 

stem proboscidean from the upper Paleocene (early Thanetian) of Morocco (70, 81). 

8. Xenarthra: 47.6 to 164.6 Ma (lower Oxfordian, late Jurassic). Riostegotherium yanei, stem 

cingulate from the early Eocene (Ypresian) of Itaboraí, Brazil (70, 82).  

9. Chiroptera: 45.0 to 58.9 Ma (lower Thanetian, Paleocene). Tanzanycteris mannardi, stem 

member of Rhinolophoidea within Yinpterochiroptera from the middle Eocene (Lutetian) 

of Tanzania (71, 83). 

10. Lagomorpha: 47.6 to 66.0 Ma (earliest Paleocene). Unnamed stem leporid fossils from the 

early Eocene (Ypresian) of West-Central India (70, 84). 

11. Rodentia: 56.0 to 66.0 Ma (earliest Paleocene). Paramys atavus, stem member of 

Sciuromorpha from the late Paleocene (Thanetian) of Montana, USA that is nested well 

within crown Rodentia (70, 85). 

12. Caviomorpha-Phiomorpha: 40.94 to 56.0 Ma (upper Thanetian, latest Paleocene). 

Cachiyacuy contamanensis, stem caviomorph rodent from the middle Eocene (Lutetian) of 

Yahuarango, Peru (71, 86). 

13. Primates: 56.0 to 66.0 Ma (earliest Paleocene). Altiatlasius koulchii, stem anthropoid from 

the late Paleocene (Thanetian) of Morocco (70, 87). 

14. Strepsirhini: 33.9 to 56.0 Ma (upper Thanetian, latest Paleocene). Karanisia clarki, stem 

lorisiform or a crown strepsirrhine of uncertain affinities from the late Eocene (Priabonian) 

of Fayûm, Egypt (70, 88, 89). 

15. Anthropoidea: 33.9 to 66.0 Ma (earliest Paleocene). Catopithecus browni, crown 

Catarrhini from late Eocene (Priabonian) Fayûm, Egypt (70, 89). 

16. Cetartiodactyla: 52.4 to 66.0 Ma (earliest Paleocene). Himalayacetus subathuensis, stem 

member of Cetacea from the early Eocene (Ypresian) of India (70, 90, 91). 

17. Carnivora: 37.3 to 66.0 Ma (earliest Paleocene). Hesperocyon gregarius, stem caniform 

from the middle Eocene (Bartonian) of Saskatchewan, Canada (70, 92). 
 

Monophyly constraints were enforced on each calibrated node plus the root, which we 

calibrated with a uniform distribution of 318.0-332.9 Ma based on the stem diapsid Hylonomus 

lyelli (divergence between Eureptilia including Diapsida and Synapsida (70)). Three additional 

calibrations in Benton et al. (70) were ultimately excluded due to conflicts among node age 

priors during initial MrBayes runs: (i) Eulipotyphla: Adunator ladae, 61.6-164.6 Ma; (ii) 

Euarchontoglires: extinct primate sister taxa such as plesiadapids (e.g., Paromomys farrandi), 

61.6-164.6 Ma; and (iii) Glires: Mimotona lii, 56-164.6 Ma. It appears those calibrations 
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produced conflict with adjacent calibrations due to their extended maximum ages, which were 

set to the earliest eutherian Juramaia (75) given the associated stratocladistic uncertainty (70). 

All 17 calibrations were set either as exponential priors (“NDexp”), offset to minimum 

ages with soft maxima (93) so that the upper 95% of the distribution equaled maximum ages 

[formula based on the exponential distribution: exp mean = (-ln(0.05)/(max-min))^-1]; or, as 

uniform priors (“NDuni”) spanning minima to maxima. These strategies of exponential vs. 

uniform priors were compared to test the sensitivity of dating results to their shape (see 

Supplementary Results). Similar node ages led us to focus on the more conservative NDexp 

backbone for comparison to the tip-dated backbone and downstream diversification rate analyses 

(section 8). Dataset S5 contains the execution files associated with these backbone runs. 

Node-dating analyses were run in MrBayes v.3.2.6 similarly as the patch clades, but with 

the following exceptions: (i) the taxon sampling probability was set to 0.01017 (59 of 5803 

extant species in the master taxonomy); (ii) the sampling strategy was set to “diversity” given 

our maximization of taxonomic diversity along the backbone phylogeny; and (iii) the birth-death 

clock rate prior was set to a lognormal that assumed each nucleotide site changed 1 time in the 

~318 Ma root-to-tip distance [mean = log(1/318), standard deviation = exp(1/318)] (53). The 

node age prior was set to “calibrated”, indicating that the probability distribution on terminal and 

interior node ages was derived from the calibration settings. Note that the birth-death process 

with variable rates per molecular partition was also implemented here, the same as with the patch 

clades. We conducted 4 independent runs of 4 chains each (3 heated and 1 cold), each run for 

50,000,000 generations and sampled every 10,000 trees.  

6.2 Tip-dating backbone analyses 

Tip-dating methods place fossil and living taxa as tips in the same phylogeny according 

to morphological character data coded for both taxon classes, a procedure that leverages the 

stratigraphic ranges of fossils to inform the birth-death clock model (94, 95). Extensions to this 

approach that parameterize fossilization along with birth and death (FBD; (96)), and 

accommodate diversified sampling of extant and fossil taxa in the FBD process (97), now enable 

rigorous “total evidence” dating where molecular and morphological data are jointly considered. 

Applications of FBD with diversified sampling have been shown to increase congruence between 

node age estimates and the fossil record (e.g., mammals; (98)), so we chose to test the sensitivity 

of our DNA data set to this divergence-time estimation procedure. A key contrast in tip-dating 

versus node-dating is that fossils are placed cladistically using morphological characters, 

impacting node ages via their placement. Thus, different assumptions are involved in tip- than 

node-dating, and the methods are in greater flux (98–100). 

We focused on the morphological data set of Zhou et al. (69), which consists of cladistic 

characters for extant and fossil mammals relevant to their interrelationships throughout the 

Mesozoic (66–252 Ma). Previous studies have also re-analyzed this data set (101, 102), and so 

served as comparisons for our work. Zhou et al. (69) originally had 84 fossil and 26 extant taxa 

that we trimmed to 76 fossil and 22 extant taxa. We removed 7 fossils allied to crown placentals 

(Aspanlestes, Cimolestes, Eoungulatum, Glyptotherium, Gypsonictops, Leptictis, and 

Protungulatum) and 1 taxon of unknown stratigraphic provenance (Eleuterodon). Removing 

crown fossils avoided complications with the subsequent union of backbone and patch clades 

(e.g., nesting Glyptotherium in the Xenarthra patch clade). However, we did retain Obdurodon 

within the monotreme crown given its uncontroversial placement. We also removed four extant 

taxa in Dasypodidae (Chaetophractus, Euphractus), Didelphidae (Marmosa), and 
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Pseudocheiridae (Pseudocheirus) since those families were already sampled by other extant 

genera. We gathered stratigraphic ranges for sampled fossils from the Paleobiology Database 

(https://paleobiodb.org/; downloaded on 9 February 2016). This direct download of fossil age 

information provided a variety of stratigraphic sources and so usually gave wider age intervals 

than previously used (e.g., Morganucodon 190.8–208.5 Ma and Juramaia 150.8–167.7 Ma 

versus 199–203 Ma and fixed at 160 Ma, respectively, in Slater (101)). See Dataset S5 for full 

details of the age ranges and taxon sampling used in FBD analyses. Note that by following the 

topology of Zhou et al. (69) exactly, we constrained two shuotheriids (Shuotherium and 

Pseudotribos) to be paraphyletic due to an apparent error their matrix. 

Tip-dating analyses were run in MrBayes v.3.2.6 in a manner analogous to node-dating, 

but with the following exceptions: (i) each fossil tip was given a uniform calibration prior 

between minimum and maximum stratigraphic ages; (ii) the “clock:fossilization” branch length 

prior was specified, as appropriate for clock trees including fossils (96, 97); and, (iii) no node 

calibrations were enforced. Whereas ND analyses required topology constraints for each 

calibration point, none were required in FBD. However, to be sure that our backbone topology 

matched that recovered in Zhou et al. (69), we used hard constraints on the following nodes: 

ingroup from Anolis outgroup; crowns (extant taxa) and total groups (with stem fossils) for 

Placentalia, Marsupialia, and Monotremata; and constraints on the crowns of Theria and 

Mammalia to ensure the placement of haramiyidans in Mammaliformes but outside crown 

mammals ((69, 103); contra to (104)). To make FBD and ND runs analogous, we similarly 

conducted 4 independent runs of 4 chains each (3 heated and 1 cold), each run for 50,000,000 

generations and sampled every 10,000 trees. 

 

7. Construction of full dated mammalian phylogenies 

7.1 Summary of patch clade and backbone posteriors 

For all 28 patch clade analyses, we found that discarding the first 25% of samples was 

sufficient to reach convergent traces in combined log-likelihoods, ESS scores > 200 for most 

parameters, and PSRF (potential scale reduction factors) of ~1 among the chains. Each of four 

runs started from 3,333 sampled trees and was reduced to 2,500, yielding posterior distributions 

of exactly 10,000 trees upon combining the runs per patch clade. All burn-ins were conducted in 

the bash shell after viewing traces and ESS scores in Tracer v1.5. 

For the backbone analyses, running longer MCMC chains and recording four runs of 

5000 trees each allowed us to more conservatively burn-in 50% of the trees per run, ensuring 

proper convergence. The resulting 10,000-tree distributions for each backbone analysis contained 

fossil-calibrated branch lengths in units of substitutions per site that required translation to time 

in Ma. We used the “burntrees.pl” perl script (https://github.com/nylander/Burntrees) with the 

flag for “--myr” to transform the branch length from molecular to absolute time units. Three sets 

of 10,000 time-calibrated backbones were then ready for use in rescaling the patch clades (in 

units of expected substitutions/site) and grafting together to form full mammal phylogenies. See 

Supplementary Results for comparison of backbone consensus topologies. 

7.2 Consensus trees and their pitfalls for taxonomically completed trees 

We constructed maximum clade credibility (MCC) consensus trees for: (i) patch clades to 

ensure taxonomic constraints worked as intended across their posteriors; and (ii) backbone 

https://paleobiodb.org/
https://github.com/nylander/Burntrees)
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analyses to summarize the results of node ages and support values. We used TreeAnnotator 

v1.8.2 (105) for both these purposes. MCC trees are not necessarily the majority-rule consensus 

trees, but rather are the tree within a given posterior sample with the maximum sum of posterior 

probabilities on its (n – 2) internal nodes (105). The identified MCC tree can either be annotated 

with its own node ages (specified with height setting of “keep” in the command line; “user target 

tree” in the graphical interface), or else the node heights can be rescaled and annotated as 

average ages of the clades in that target tree.  

We treated the backbone MCC trees normally, constructing them with median node 

heights, but used target node heights for the patch clade MCC trees given their high posterior 

variability from PASTIS-completion of DNA-missing species (Table S5). Failed attempts to use 

mean or median node heights returned negative branch lengths in some cases due to node age 

uncertainty (i.e., average ages of descendent nodes were younger than their ancestors—a clear 

impossibility). This issue highlights a broader point about our trees, and “completed” trees in 

general (e.g., (1, 65)), that summarizing them in 1 consensus tree is inappropriate. Completed 

trees should instead be sampled from the posterior distribution to meaningfully capture a given 

phylogenetic hypothesis. While posterior samples of trees have application to all types of 

phylogenetic uncertainty, it is especially critical for our patch clades, and thus also the full 

species-level Mammalia phylogenies of which they are components. For display (Fig. 1), we 

constructed MCC trees for the full distribution of 10,000 Mammalia trees with target heights 

(increasing the “-Xmx” memory of TreeAnnotator to 40 gigabytes; Dataset S6). However, we 

performed no analyses on these MCC trees since rate-based questions were our focus (see also 

section 0). 

7.3 Patch-to-backbone grafting for full Mammalia trees 

In order to unite the 28 patch clades and the backbone phylogeny (Fig. S1), we first 

needed to rescale the patch clade distributions of 10,000 trees to absolute time in millions of 

years (Ma). Because the patch clades were estimated with ultrametric branch lengths in relative 

units (brlenspr = clock:birthdeath, without age calibrations), this procedure was accomplished 

with a simple multiplication in R with the ape package. We used the rescale-and-graft procedure 

of previous studies (2, 53, 106), outlined here as pertains to our mammal phylogenies: 

(i) Load in all 10,000 trees for a selected backbone analysis and each of the patch clades; 

(ii) Prune all backbones to the overall outgroup (Anolis carolinensis) and 28 species 

representatives, 1 for each of the patch clades; 

(iii) Prune the placeholder taxa from the Dermoptera and Platacanthomyidae patch clades; 

(iv) For each of the 10,000 samples of backbones and patches (sequentially): 

a. Take 1 pruned backbone tree; get branching times and identify pairwise MRCA 

nodes that correspond to the outgroup-to-ingroup relationship, recording the node 

age per patch clade (this root time is used to rescale the patch clade to Ma);  

b. Take 28 trees, 1 from each patch clade; for each, get the relative branching times 

and divide the age of the ingroup crown by that of the root, obtaining the relative 

scale of the stem edge from outgroup to ingroup; prune outgroups;  

c. For each patch clade, multiply root time (in Ma) from the backbone by the relative 

scale of the patch clade to obtain the absolute scale of the stem edge leading to the 

patch crown; divide all edge lengths by the maximum node height to obtain 

relative edge lengths of the patch clade, and then multiply those by the absolute 

scale of the stem to rescale all patch clade branches to time in Ma; 
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d. Use which.edge() to identify and name the tip edge in the pruned backbone upon 

which each patch clade is to be grafted; shorten those branches by subtracting the 

absolute scale of the stem edge per clade; 

e. Use bind.tree() to graft each rescaled patch clade to the corresponding shortened 

edge of the pruned backbone, thereby forming 1 uniformly time-scaled tree of 

5911 species of mammals; 

(v) Repeat that procedure to construct posterior distributions of 10,000 phylogenies for 

each of the backbone analyses (NDexp and FBD). Note that some authors call these 

“pseudo-posterior” trees since the final trees are grafted together. 

Uncertainty in the sister relationships of 3 patch clades of bats (Noctilionoidea, 

Vespertilionoidea, and Emballonuroidea; see section 5.1) required us to use the same distant 

outgroup (Pteropus alecto, a bat belonging to Pteropodidae) for all 3 clades. As a result, the 

absolute scale of the stem edges in those patches was longer (older) than the backbone tip edge 

for grafting, an incompatibility that prompted us to use an arbitrary short branch length of 

0.000001 to graft those clades onto the backbone. The same solution was used in amphibians 

(53) and birds (2), where uncertainty of outgroup choice was more common and patch clades 

more numerous than in mammals (84 and 129 patch clades, respectively). While this solution is 

not ideal, it is a realistic outcome of backbone taxonomic uncertainty among bats (20, 60, 61). 

Because confidence in patch clade and sister taxon delimitation requires confidence in the 

backbone relationships of any major radiation, we expect these limits to our “divide-and-

conquer” strategy of tree-building to persist, at least until disputed backbone nodes can be 

resolved or computational limits on patch clade size lifted. 

 

8. Tests of diversification-rate variation or constancy 

8.1 Tip-level diversification rates 

 The primary means by which diversification rate variation was examined in this study 

was using per-species estimates of expected pure-birth (PB) diversification rates, calculated for 

the instantaneous present moment (tips of the tree) using the inverse of the equal splits measure  

(2, 107). We call this statistic “tip-level diversification rate” (tip DR) because it contains rate 

information weighted toward recent PB diversification processes occurring among extant species 

((108); we feel that “tip DR” is more descriptive than the term “DR statistic” used for this metric 

in Jetz et al (2)). Redding and Mooers (107) developed equal splits as a phylogenetic metric of 

per-lineage evolutionary isolation, Steel and Mooers (109) derived expected edge lengths in Yule 

trees, and Jetz et al (2) applied the reciprocal of equal splits to measure recent rates of species PB 

diversification. The harmonic mean of tip DR closely approximates the PB diversification rate 

for clades greater than 10 species (supplementary equations 5 and 6 in Jetz et al (2)). We 

calculate tip DR on full Mammalia phylogenies from the root to each tip as 

𝑇𝑖𝑝 𝐷𝑅𝑖 = 1  ∑ 𝑙𝑗

𝑁𝑖

𝑗=1

1

2𝑗−1
⁄   

where Ni is the number of edges on the path from tip i to the root, and lj is the length of edge j.  

This equation assumes a fully bifurcating tree (2, 107). Because j=1 is the pendant edge leading 

to tip i, that branch length carries the greatest weight on the resulting value, with every ensuing 

rootward edge discounted exponentially as it is shared with other species. Sister species thus 
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have identical tip DR values. Species with the highest tip DR have many short branches shared 

with other species toward the present, implying recent branching is abundant, whereas low-tip-

DR species are subtended by long unshared branches (i.e., they are evolutionarily distinct (107)). 

8.2 Tip DR compared to model-based estimators 

Here we use tip DR in 2 ways: (i) at the species level, where tip DR measures recent rates 

of PB diversification (≈ speciation, if recent extinction is minimal); (ii) at the clade level, using 

the harmonic mean of tip DR among species (referred to as “tip DR mean”) to approximate clade 

rates of PB diversification. The harmonic, not arithmetic, mean is preferred where rates are 

averaged (110). Fig. S4 shows that tip DR among species is closely related to tip net 

diversification rates from the BAMM birth-death model (see section 8.3, below). Tip speciation 

rates from BAMM are similarly highly correlated with species tip DR, while tip extinction rates 

are generally low (0–0.2 species/Ma) with a slight positive trend suggesting greater turnover in 

high-tip-DR species (Fig. S4a; see Quintero and Jetz (108) for similar tip DR-to-BAMM 

comparisons in birds).  

At the clade level, Fig. S4b shows that tip DR harmonic mean best approximates PB 

diversification rates across time-slice defined clades (see section 8.8). PB rates and tip DR mean 

show tighter correspondence for 50-Ma versus 10-Ma clades, as is expected since we calculated 

tip DR values upon full mammal trees but PB values on a per-clade basis (i.e., clades from older 

time slices are closer to the root, where tip DR mean equals the tree-wide Yule rate (2)). Tip DR 

mean is thus a clade-level average of species-level branching processes that is meaningfully 

aligned with clade-level models of diversification rates that ignore extinction. As expected, tip 

DR mean underestimates birth-death (BD) rates of speciation and net diversification per clade 

(Fig. S4b), since BD processes are modelling extinct branches (largely unrecorded in our nearly 

extant-only mammal trees). Similar underestimates of BD rates by tip DR mean were found in 

named bird clades (supplementary methods Fig. 5d in Jetz et al (2)) and bird elevational 

assemblages (fig. S6 in Quintero and Jetz (108)). Additionally, we examined the skewness of 

clade tip DR (called “tip DR skew”) as a way to characterize the clade tip DR distribution 

beyond its central tendency.  
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Fig. S4 
Comparison of tip-level diversification rates (tip DR) from this study to other rate metrics. (a) At the tip-level, 

species tip DR values are compared to tip-level estimates of speciation, net diversification, and extinction calculated in 

BAMM v2.5. Shown are the harmonic means of per-species values from 10,000 full Mammalia trees (node-dated 

backbone) versus BAMM tip rates (summary of runs on 10 trees). Note that BAMM tip rates for net diversification 

predict tip DR more strongly than does BAMM speciation rate (linear models shown). (b) At the clade-level, the 

harmonic mean of tip DR among species (clade tip DR mean) is compared to model-based estimators for time-sliced 

clades at 10, 30, and 50 Ma (see main text Fig. 4). Plotted are the data from one mammal tree, with 1:1 reference lines 

(dotted) and linear model equations (solid) for relationships with pure-birth (PB) and birth-death (BD) rates. Tip DR 

mean best approximates PB rates (note: the PB outlier among 50-Ma clades is the long branch leading to Solenodon).   
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8.3 Lineage-specific rate shifts in BAMM 

To formally test whether per-lineage diversification rates have varied throughout the 

root-to-tip history of Mammalia, we performed searches for macroevolutionary shifts using 

BAMM v2.5 (111). This algorithm uses reversible-jump MCMC to sample birth-death scenarios 

that vary in the number of distinct evolutionary rate regimes without specifying a particular a 

priori hypothesis. For each branch, a Poisson distribution governs the sampling of shift events 

and a gamma distribution the degree of rate change (i.e., a compound Poisson process (112)). 

These rate shifts are sampled at any point along a branch, so are not necessarily associated with 

branching events (for simplicity, we nevertheless plotted rate shift summaries at nodes in Fig. 1). 

The model thus allows for as few as 1 diversification process (zero rate shifts) or many more, 

and independently estimates the speciation and extinction parameters within each evolutionary 

rate regime (111). Those rates can then be summarized on a tree-wide basis to generate rate-

through-time plots (see main text Fig. 3c and Supplementary Results). 

Recent controversy over BAMM’s implementation highlight several ongoing issues in 

macroevolutionary analysis (113, 114), in particular how undetected extinction events can bias 

diversification-rate inferences (115). However, these issues are not unique to BAMM (e.g., state-

dependent models suffer similarly (114, 116, 117)), nor do they preclude the model’s utility for 

detecting rate shifts. We suggest that, like any comparative method, BAMM should be used in 

parallel to other methods of inference. We therefore chose to apply it to our mammalian 

phylogenies for comparison among (i) BAMM tip rates to our tip DR calculations (Fig. S4), and 

(ii) lineage-specific rate-shifts to the tree-wide rate shifts detected by CoMET and TreePar 

models (Supplementary Results; see section 8.4). 

We evaluated the number and location of rate shifts in Mammalia with independent runs 

on 10 trees drawn randomly from the node-dated sample. Although most studies run BAMM on 

a single consensus tree, a justifiable practice when phylogenetic uncertainty is small (118), the 

high degree of uncertainty in both node ages and taxonomic placement across our trees 

(including ~30% completed species) prompted us to use a sample of trees. We ran the models on 

the completed full trees of 5911 species and using globalSamplingFraction = 1.0, because adding 

missing species using PASTIS (birth-death branch lengths informed by patch clade context) was 

presumably more realistic than specifying sampling fractions in BAMM. For all models, we used 

the following settings determined using the Mammalia MCC tree analyzed with the 

“setBAMMpriors” function in the R package BAMMtools (119): expectedNumberOfShifts = 

1.0; lambdaInitPrior = 6.446; lambdaShiftPrior = 0.00447; and muInitPrior = 6.446. We set the 

model to estimate speciation rates as exponentially varying through time and extinction rates as 

constant, which is equivalent to an independent SPVAR model within each rate regime (120), yet 

allowing for exponential decay or growth with a symmetric change function (121).  

On each tree, we ran the model targeting 100 million generations, while sampling every 

10,000 generations. Two of the 10 trees finished all generations using 168-hours of runtime on 1 

node (the analysis is not parallelizable) of the High Performance Computing center at Yale 

University, and the other 8 runs finished in the same time a mean of 46.1 million generations 

(range: 29.2-83.1 million). That amount of runtime was sufficient to yield high ESS scores 

across all 10 runs after a conservative burnin of 33%, including for the log likelihood (ESS 

mean: 585.4; range: 268.9-1200.0) and the number of shift events (827.0; 328.0-1498.0). The 

resultant post-burnin events (mean: 3727.4; range: 1949-6667) were then subsampled to yield 

1000 even-spaced samples for each of 10 runs with the function “getEventData” in BAMMtools.  
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The many nearly-equiprobable shift configurations in our 95% credible set of shifts for 

each of 10 trees prompted us to focus on the most likely shift sets—called maximum shift 

credibility (MSC) sets—on a per tree basis (see Supplementary Results). MSC sets are analogous 

to MCC trees derived from Bayesian phylogenetic analyses, and similarly are not necessarily 

equivalent to the shifts with maximum a posteriori likelihood (122). For the rate shifts in each 

MSC set, we summarized the node and clade contents implicated in the shift, and the mean net 

diversification rate (=λ – μ) of all branches inside the shifted clade (clade rate) and outside that 

clade (background rate). The ratio of the clade and background rates was taken as the rate shift 

magnitude and used to identify whether an up-shift or down-shift was inferred. Comparing the 

contents of the rate-shifted clades allowed us to identify 24 rate shifts that were present in at least 

5 of the 10 trees, including non-independent (paired) shifts that occurred on 1 or the other nearby 

nodes but not both (see Fig. 1). Dataset S7 summarizes details of MSC rate shifts from all 10 

trees, including 35 independent shifts present in 2 or more trees and 48 more shifts only inferred 

in 1 tree.  

8.4 Tree-wide rate shifts in CoMET and TreePar  

 We used the same 10 completed trees as above to assess time-specific, tree-wide shifts in 

rates, a strategy which differs from lineage-specific analyses by traversing time intervals rather 

than root-to-tip branches. We compared 2 modelling frameworks designed for this purpose: 

TreePar (17), which uses ML to best fit a birth-death-shift model to a set of branching times, and 

CoMET (123), a Bayesian implementation that allows joint inference and probabilistic priors on 

the same piecewise model as TreePar. Like BAMM, CoMET uses reversible-jump MCMC and a 

compound Poisson process to model shifts between reconstructed rate models and estimates both 

speciation and extinction shifts. TreePar estimates tree-wide shifts in net diversification rates. 

We implemented these models on our mammalian phylogenies as follows, in both cases 

considering 7 possible rate-shift points, an arbitrary setting that made our results comparable to 

the mammalian analyses of Stadler (17). For TreePar, we used the “bd.shifts.optim” function, 

setting the sampling fraction to 1.0 (completed trees) for each of the 7 possible shift points (0-7 

shifts, 8 total models), using a grid size of 1 Ma, and allowing for periods of declining diversity. 

Mass-extinction events were not separately estimated, only diversification rate shifts (see 

justification below). Results were parsed to compare the 8 models per tree, and the best model 

(lowest AICc) was in each case selected for summary across the 10 trees, including tallying of 

shift events within 1-Ma bins and 5-Ma bins.  

For CoMET, we used the R package TESS (124) to set up an analogous model with 

sampling fraction of 1.0, up to 7 shifts (seven expected rate changes), and no mass extinctions 

allowed. We ran each tree for up to 100 million generations or until ESS scores of at least 500 

were reached, and conducting four independent runs per tree. CoMET runs were summarized by 

removing a burn-in of 25% and tallying the number of speciation and extinction rate changes 

within 1-Ma bins (set relative to that tree’s root time, so the number of bins differed across 

trees). Results from the four runs per tree were joined, and then results from each of the 10 trees 

were combined, each time maintaining the common 1-Ma time bins as needed, and using 

Gelman-Rubin statistics to assess parameter convergence (see Supplementary Results). 

8.5 Lineages-through-time (LTT) plots 

 To visualize variation in branching times across Mammalia, we randomly selected 100 

completed trees of 5911 species and plotted the accumulation of lineages through time from root-
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to-tip.  These trees were taken as a representative sample of the full 10,000-tree distribution for a 

range of analyses conducted in this study. We used a modified version of the “ltt95” function in 

the R package phytools (45) that allowed us to generate 95% confidence intervals around the 

LTT for those 100 full mammal trees. We could then plot those intervals as LTT polygons for 

mammalian higher taxa and K-Pg orders of placentals (main text Fig. 3). 

8.6 Simulation of rate-constant trees 

 We simulated 100 phylogenies using birth-death models with constant speciation and 

extinction through time, for comparison to empirical phylogenies of all mammals (n=5911 

species, root ages 165–210 Ma). For each simulation, we did the following: (i) load a single 

empirical tree (of 100 total); (ii) estimate rates from empirical branching times using the 

“birthdeath” function in ape; and (iii) simulate 1 tree using the “pbtree” function in phytools to 

the same extant diversity and root age as the empirical tree (specifying empirical lambda and mu, 

setting “scale” to the root age, and using the empirical taxa-stop criterion in continuous time). 

We conducted 3 sets of Mammalia-based simulations, under an extinction fraction matching the 

empirical mammals (ε=0.65 on average over 100 trees) as well as under low (ε=0.2), and high 

(ε=0.8) extinction. These simulation sets are compared to empirical mammal trees in Fig 3.  

We also simulated separate trees matching the diversity and age of named subclades of 

mammals, in this case only simulating 1 set of 100 trees matching the empirical extinction 

fractions of each named clade. These rate-constant (RC) simulations were used to generate the 

null distribution for ML model fitting tests versus rate-variable (RV) models (see below).  

8.7 Likelihood tests of RC and RV models of diversification 

The branching times of named mammalian subclades were also tested for their ML fit to 

models of RC and RV diversification processes. We analyzed 27 subclades in total, 11 

mammalian orders and 16 ordinal subclades that contained ≥ 25 extant or recently extinct 

species. For each subclade, we pruned those tips from the same 100 mammal trees used to 

generate the LTT plots. We focused on models developed by Morlon et al. ((125) for application 

to whales (Cetacea; implemented in RPANDA (126)): 

• Two RC models, constant pure-birth (B) and constant birth-constant death (B_D); 

• Eight RV models, four with exponentially time-varying rates (B-Exp, B-Exp_D, B_D-

Exp, and B-Exp_D-Exp); and four with linearly time-varying rates (B-Lin, B-Lin_D, 

B_D-Lin, and B-Lin_D-Lin). 

These 10 models were each fit for 100 trees of the 27 empirical subclades and their matching 

RC-simulated trees (null models). We parsed model outputs by adapting code from Condamine 

et al. ((127); https://github.com/FabienCondamine/Diversification_analyses) and including AICc 

per model and tree to generate empirical and null distributions of best model fits.  

This procedure was designed following the birth-death likelihood (BDL) tests described 

in Rabosky (128), where the AICc scores of the best-fitting RC and RV models are subtracted to 

give the ΔAICRC-RV test statistic per tree and subclade. The 100 values of that empirical test 

statistic are compared to the null distribution as generated by calculating ΔAICRC-RV for each of 

the RC-simulated trees. Comparing directly between empirical trees and RC simulations of the 

same size and age serves to minimize Type I (false positive) error rates (128). We performed 

BDL tests of the overlap among empirical and simulated ΔAICRC-RV distributions at the alpha-

https://github.com/FabienCondamine/Diversification_analyses)
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level of 0.05. See Supplementary Results for the full results of these models on the 27 clades, 

and main text Fig. 3f for a focus on 13 placental subclades. 

8.8 Time-sliced clades  

In order to objectively define clades for tests of among clade variation in richness and 

diversification rates, we arbitrarily drew lines (referred to as “time slices”) at 5-Ma intervals and 

took the resulting tipward monophyletic clades as units of analysis. The rootward relationships 

of those clades (the “rootward backbone”) was retained for each interval, giving the expected 

covariance structure among clades when performing phylogenetic generalized least squares 

(PGLS) analyses. Fig. S5 gives a graphical example upon a subclade of the mammal tree. This 

procedure was scaled up to the full Mammalia tree—for example, for the 35-Ma slice, a typical 

tree resulted in 90 clades that varied in species richness from 2–726 species (mean, and standard 

error: 65.5, 13.0), and had crown ages from 0.4–34.9 Ma (22.5, 1.1). The key criterion uniting 

these crown clades is that their stem branch was extant at 35 Ma, so their species are living 

descendants of a lineage at least that age. We contrast this approach to analyses performed on 

named clades (see section 8.9). 

Time-sliced clades were constructed at 14 slices from 5–70 Ma for each of 100 trees for 

Mammalia and the 3 sets of RC simulations (Fig. S5 shows the distribution of clade richness 

values across time slices). We used the “treeSlice” function in phytools with orientation set to 

“tipwards” and “rootwards” for time-slice clades and backbone, respectively, re-naming the 

backbone tips to match the row names of the tipward clade summaries. We summarized clades 

for the following values, with rates and ages specific to each tree: species richness; crown age 

(timing of first split not yet extinct, i.e., the most recent common ancestor [MRCA]); tip DR 

mean, skew, kurtosis, and coefficient of variation; PB and BD diversification rates, and BD 

speciation, extinction, and turnover; and percent of species sampled for DNA. By definition, all 

tipward clades at a time slice had identical stem ages. Singleton branches (“clades” of 1 species) 

were dropped from clade-level summaries, but retained on time-slice backbones with their 

species-level values of tip DR and richness for PGLS. Clades with 2 or more species were 

summarized for MRCA. Clades with four or more species were assessed for tip DR skew and PB 

and BD rates (n=4 is the minimum tree size for modelling rates). 

Note that our use of the term “time slice” to delimit tipward clades and their rootward 

backbone differs from the usages of some other authors. Most commonly in palaeontology, only 

the rootward time slices of fossil chronograms are examined (e.g., (129–131)). That approach 

seeks to compare sets of contemporaneous lineages at past time slices, while considering present-

day taxa representatives of the 0-Ma time slice (reviewed in (132)). In contrast, other authors 

have used time slices to delimit units of analysis within time intervals rather than tipward or 

rootward, summarizing rates or traits of tree-wide branches bounded by time bins (e.g., (17, 

133)). Here we use time slices to delimit non-nested, tipward clades and their rootward 

phylogenetic covariance as an objective means of conducting clade-level PGLS analyses. We 

compare our results to analyses using traditional taxon-based clades (mammalian genera, 

families, and orders). 
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Fig. S5 
Explanation of time-sliced clade delimitation and summarization for testing hypotheses. (a) An example 

subclade of 64 species, the rodent family Heteromyidae, is divided into time-sliced clades in the same way as for all 

Mammalia. Branch colors in the family-level phylogeny correspond to tip-level diversification rates (tip DR) 

calculated on the full tree, and red symbols are sized according to estimates of species vagility. For time slices at (b) 

5 Ma and (c) 10 Ma, summaries of tipward clades are made for tip DR mean and vagility (harmonic and geometric 

means) to compare to crown age and richness. Note that PGLS (phylogenetic generalized least squares) regression 

was performed on log clade richness throughout this study. (d) The time-slice procedure was conducted at 5-Ma 

intervals across 100 full mammal trees (gray) and compared to trees simulated under rate-constant (RC) 

diversification (colors). Shown is the MCC tree, but 100 trees were sampled. (e) Mammalian and RC-simulated 

richness values (mean and standard error) and (f) their variance for clades at each time slice across 100 trees (legend 

shows extinction fractions for RC simulations). Observed clade richness values were consistently greater than 

expected, giving further evidence for rate-variable processes in mammals. 

  



 

 

 30 

8.9 Clade-level PGLS to test RC versus RV diversification 

To test what factors best explain variation in species richness among clades, we 

performed PGLS analyses using Pagel’s “lambda” transformation (134), as implemented in 

either the nlme R package (135) or phylolm (136). The phylolm package implemented the same 

PGLS models as nlme with numerically identical results in over an order of magnitude less time 

(results not shown), a finding that surprised us but is expected because phylolm is optimized for 

large trees (136). As a result, we used phylolm wherever possible. We also used the caper 

package (137) for PGLS when calculating R2 values. Lambda was always estimated on a per tree 

and per comparison basis, so as to only correct for the amount of phylogenetic signal present in 

the data (lambda=1.0 is full Brownian motion). Extinct taxa were always excluded from PGLS. 

We conducted PGLS upon time-slice clades for each of 100 trees as follows: (i) load in 

tree-specific backbones and tipward clade summaries; (ii) set the natural log of species richness 

as the response variable; (iii) standardize the predictors as mean centered and scaled by the 

standard deviation; and then for each slice interval (iv) match the backbone tree tips to the clade 

summary row names using “treedata” in geiger (138); (v) perform univariate PGLS for each of 

the predictors to understand their shared effects on log richness; and (vi) select top predictors for 

multivariate PGLS to understand their unique effects on log richness. See Supplementary Results 

for results of the full univariate and multivariate analyses including percent sampling. 

 We repeated these 100-tree PGLS analyses for higher taxa to compare our results to other 

studies of clade richness in mammals (e.g., (139, 140)). We used taxa having ≥ 4 species:  

• Genera: n=385 of 1283 total, 4–192 species, 1.1–27.8 Ma crown age means across 100 

trees (grand mean, standard error: 8.2, 0.3) 

• Families: n=102 of 162 total, 4–768 species, 4.0–58.0 Ma (19.1, 1.2) 

• Orders: n=22 of 27 total, 4–2354 species, 9.6–73.7 Ma (42.3, 4.4) 

For the taxon-based clades, we similarly generated per-clade summaries of richness, MRCA, tip 

DR mean and skew, and PB and BD rates. Those summaries then served as data points united by 

the backbone structure of phylogenetic covariance between clades. Pruning clades off the 

backbone results is a non-ultrametric tree (due to their widely different stem ages), in contrast to 

the time-sliced clades where each slice produces a rootward ultrametric backbone. Our solution 

was to simply prune full Mammalia trees to per-clade representatives, and do it the same way for 

time-sliced and taxon-based clades, so that the pendant edges of clade backbones extended to the 

present day. Long terminal branch lengths do not affect the resulting phylogenetic covariance 

structure among clades, only internode relationships and distances do (134), so this procedure 

did not differently impact the PGLS analyses based on different clade delimitations. See 

Supplementary Results for univariate and multivariate predictions of species richness in taxa. 

8.10 Fossil genus diversification 

We gathered fossil occurrence data of Mammalia from the Paleobiology Database and 

Fossilworks, as downloaded on 16 August 2018. Grouping by genus after excluding ichnotaxa 

and uncertain genera, we recovered 71,928 occurrences of 5300 genera from the earliest basal 

Mammaliformes (e.g., Gondwanadon, late Triassic ~235 Ma) to modern genera with fossil 

records (e.g., Pteropus). We binned these genus-level occurrences in 10-Ma intervals and used 

shareholder quorum subsampling (SQS (141)) to maximize the uniformity of taxonomic 
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coverage sampled during a given time bin. This conservative approach differs from classical 

rarefaction by subsampling for coverage rather than sample size, which makes diversity levels 

across intervals directly comparable (141). Using “sqs()” (https://bio.mq.edu.au/~jalroy/SQS-3-

3.R), we specified a quorum size of 0.5 and performed 1000 trials with singletons. We calculated 

corresponding origination and extinction rates per stage using the per-capita rate method of 

Foote (142) (table 1 in that publication), which compares the number of taxa which exist both 

before and after each interval. We did not calculate rates for the late Pleistocene-Recent. 

 

9. Tests for causes of diversification-rate variation  

9.1 Mammalian trait data 

Our workflow for gathering trait data for this study (Fig. S6) involved (i) unifying 

multiple trait taxonomies to our phylogeny’s master taxonomy of 5911 species; and (ii) 

interpolating home range area and vagility to the species level for mammals. We unified data 

sources via a two-step process of matching binomial names to the same synonym list as used in 

section 2.1 (C. Meyer, unpublished), and then matching those translated names directly to the 

master taxonomy. Using join and awk in the bash shell, we joined four databases: EltonTraits 

v1.0 (25), IUCN Global Mammal Assessment (23), PanTHERIA (143), and the island rule 

database of Faurby and Svenning ((144); called “F&S”). Dataset S7 gives our full trait database. 

We focused on ten ecological variables (circles and rectangles in Fig. S6): body mass 

(log kg), home range (log km2), geographic range (log km2), vagility (log km), insularity (0/1), 

trophic level (1/2/3), diurnality (0/1), marine or not (0/1), latitude (centroid, deg), longitude 

(centroid, deg). Mean body masses were assembled per species from F&S (5351 species) and 

EltonTraits (46 species, only those coded with certainty level “1” for direct observations). We 

note that Smith (145) is the citation for ~70% of those body mass values, which in turn gathered 

species means from the primary literature.  

 

Fig. S6 
Workflow for trait data compilation. (a) Schematic for compiling the 3 focal predictors (thick blue circles) of 

diversification-rate variation in main text Fig. 5. Shapes and colors represent: data sources (gray diamonds), 

interpolation equations (green ovals), continuous and discrete variables (circles and rectangles), and variables 

subjected to phylogenetic imputation (yellow fill). Coding categories are shown for discrete variables. Arrows 

represent input flows proceeding from data sources to taxonomic matching with our phylogeny. 

https://bio.mq.edu.au/~jalroy/SQS-3-3.R)
https://bio.mq.edu.au/~jalroy/SQS-3-3.R)
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The remaining 514 species without body mass values were imputed using the phylogeny 

and the R package “Rphylopars” (146). For each of 100 mammal trees, we (i) loaded the named 

trait data (including missing values); (ii) ran phylopars using models of Brownian motion (BM) 

and Pagel’s lambda (LAM); and (iii) matched the model-imputed values back to the taxonomy. 

We then summarized the BM and LAM imputations across the 100 trees as medians and 95% CI 

bounds for each species. While the LAM models generally had better BIC scores than BM 

models, LAM yielded consistently larger values than BM, which were often unrealistic (e.g., 

Acomys ngurui has median of 573.3 grams [g] with LAM versus 90.9 g with BM, when the 

empirical range for Acomys is 18.5– 71.2 g; in contrast, the BM CI of 22.9–221.0 g is within the 

13–38 g range given in the type description for A. ngurui, which was withheld (147)). We used 

the BM-based imputations of body mass for all calculations, including as related to interpolations 

of home range area and vagility (see below). 

The geographic area and centroids of species geographic ranges were derived from expert 

range maps ((23), 18 August 2016 download). We calculated WGS84 ellipsoid areas of 

terrestrial and marine mammals in QGIS (148) while excluding the introduced portions of the 

ranges (“origin”: 2, 3, or 4). Latitudinal and longitudinal centroids were taken as absolute values. 

Marine and non-marine mammals were given a binary coding. Insularity codings were gathered 

from F&S using the classical definition of island endemicity as pertaining to oceanic or 

landbridge islands (1122 species on islands of 5420 matched); species unmatched for island 

codings were manually interpolated (26 species on islands vs. 465 species assumed on the 

mainland). Missing values of geographic range area for 590 species were imputed based on 

phylogeny using the same Rphylopars procedure described above. Latitude and longitude 

centroid values were retained as “NA” for those 590 species without range maps due to concerns 

that geographic position is not a heritable trait in the same manner as body mass, geographic 

range, or intrinsic traits like activity pattern. 

For trophic level, we modified the original diet classification from EltonTraits (10% 

intervals of 10 different food categories; (25)) into categories of percent vertebrates, 

invertebrates, and plants. That re-categorization was then collapsed into an ordinal multistate 

variable per species: (1) herbivorous if 100% plant diet; (2) omnivorous if mix of plants and 

(in)vertebrates; and (3) carnivorous if 100% animal diet (vertebrates or not). Those 3 categories 

contained similar numbers of species (1637 vs. 1852 vs. 1565, respectively).  

For activity pattern (diurnality), we similarly modified the overlapping binary codings of 

“nocturnal”, “crepuscular”, and “diurnal” in EltonTraits to make a mutually exclusive variable 

that was binary per species, as follows: (0) nocturnal if nocturnal only, nocturnal + crepuscular 

only, or crepuscular only; (1) diurnal if any daytime activity is present (i.e., diurnal only, diurnal 

+ crepuscular, or mix of diurnal, crepuscular, and nocturnal). This re-categorization was clumped 

toward nocturnality (3413 vs. 1614 species, respectively). BM imputations of activity and 

trophic level were performed in Rphylopars the same as for continuous traits (imputing 857 

species), except that median results were rounded to the nearest whole number to match missing 

species with values of their closest relatives. 

Home range area per individual (km2) was interpolated following the allometric 

equations of Jetz et al. (149), which we updated using additional empirical data for non-marine 

home ranges reported in PanTheria ((143); n=603 species). Fig. S7 shows these empirical values 

best predicted by body masses (kg) with trophic level-specific equations (R2 = 0.7–0.8 compared 

to 0.67 for all mammals). These equations can be compared directly to Table 1 in Jetz et al. 
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(149), although note that they reported slopes in log10 kg units while the intercepts are in non-log 

hectares (1 ha = 0.1 km2) not the corresponding log10 km2 units (see Fig. S7a). Our updated 

coefficients thus differ as follows: all mammals, 1.08 log10 kg slope (1.07 in Jetz et al. (149)), 

7.08 ha intercept (6.69); herbivores, 1.07 (1.02), 2.34 (2.05); omnivores, 1.14 (1.12), 12.02 

(15.87); and carnivores, 1.35 (1.20), 29.51 (52.07). We used these updated trophic level 

equations to interpolate the home ranges of all remaining species (n=5308). We then validated 

model-predicted values vs. empirical observations (Fig. S7b).  

Vagility, also called dispersal ability (e.g., (150)), was measured as the mean per-

individual distance of maximum natal dispersal (km), and interpolated for each species following 

the best-fit equation of Whitmee and Orme (151). That study identified the top 3 predictors of 

empirically measured maximum dispersal in mammals as adult body mass (g), home range size 

(km2), and geographic range (km2). They used natural log (ln) rather than log10, so we followed 

suit. We updated their equations using our estimates of the same traits by finding the best-fitting 

linear model to explain empirical data on maximum dispersal (n=89; (151)). We estimated 

coefficients for the intercept, and slopes of body mass, home range, and geographic range as -

2.496 (-1.153 in Whitmee and Orme (151)), 0.206 (0.315), 0.323 (0.220), and 0.216 (0.252). We 

used that equation to interpolate estimates of maximum dispersal distance across all remaining 

species (n=5822), and validate predictions for the same 89 species as the empirical data (Fig. 

S7b). 

 Collinearity among the resulting variables was examined in Fig. S7c (“corrplot” package 

in R (152)). As expected, body mass, home range, and geographic range gave strong correlations 

with vagility (r=0.5–0.8), indicating that vagility is an “index” variable containing information 

from the other more classically studied traits in macroevolution (especially body size, e.g., (153–

155)). In contrast, diurnality and latitude showed low levels of collinearity with other variables 

(maximum r=0.34 and 0.13) and were relevant to key hypotheses in mammalian diversification. 

We thus focused on 3 primary variables—vagility, diurnality, and latitude—for analyses of rate-

trait dynamics (main text Fig. 5 and main text). 
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Fig. S7 
Data and equations used to predict per-individual estimates of home range and vagility. (a) Using the approach 

of Jetz et al. (2004), we calculated log-log fits of body mass to empirically observed home range areas across all 

mammals (n=603) and within trophic-level categorizations. These updated per-trophic level equations were then 

used to expand the calculation of home range area to all species, which was in turn used in the vagility calculations. 

(b) Shown is the resulting fit of our predicted data for those same empirical values (from the PanTheria database). 

Additionally, we used the top three predictors for maximum natal dispersal distance in the analysis of Whitmee and 

Orme (2013) to calculate log-log fits to empirically observed data. This updated allometric equation was then used 

to expand the calculation of maximum dispersal distances to all species. (c) Pairwise spearman rank correlations 

among variables from which we selected independent predictors in analyses of diversification-rate variation. Colors 

correspond to correlation coefficients in the bottom legend. All extant species were used in these calculations 

(n=5804). Tip DR values are here compared based on the harmonic mean per species of estimates from 10,000 trees. 

Note that these are non-phylogenetic correlations, so not interpretable evolutionarily. 

 

b Validation 

a Home range allometric equations c Data collinearity 
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9.2 Tip-level correlates of diversification rates 

For all PGLS analyses involving ecological traits (including those at the species level and 

clade level), we focused on a 5675-species data set that excluded (i) the 107 extinct species in 

our phylogeny due to trait uncertainty; and (ii) all 129 marine mammal species because of their 

order-of-magnitude trait differences relative to terrestrial species (and disparate selective 

constraints in marine environments; (155)). Sensitivity tests were additionally conducted for all 

rate-trait analyses to examine whether our conclusions were affected by the further exclusion of 

island endemic species (n=4553), DNA-imputed species (n=3941), and the separate analysis of 

trophic level categories (herbivore: n=1802; omnivore: n=2166; carnivore: n=1707 after 

excluding marine and extinct species; see Supplementary Results). For each of 100 trees, we 

used per-tree estimates of (natural) log tip DR, and species-level values for traits. We performed 

tip-level PGLS using the “phylolm” function in R, which performs well on large trees (136), and 

plotted results using the “plotrix” (156) and “hexbin” packages in R (157). 

To better understand correlative structures underlying the observed rate variation across 

our mammal trees, we performed tip-level PGLS analyses between species’ ecological traits and 

tip DR values across 100 trees. We followed Freckleton et al. (158) in using trait ~ rate models in 

our tip-level PGLS analyses. This approach reverses the typical rate ~ trait model, where the rate 

is dependent on the independent trait (predictor) variable (159), even though the aim is still to 

draw inference on the effect of the trait upon the rate (158). This is because we sought to avoid 

identical residuals in the dependent variable — i.e., sister species by definition share all 

speciation events and have the same pendant branch length, so their tip DR values are always 

identical, which violates the assumption of within-variable data independence in bivariate normal 

distributions, and so should be avoided (158). The trait ~ rate approach was originally formulated 

for use with node depth (number of nodes from the root to each species’ tip), but the same logic 

applies to other species-level rate metrics. Note that while sister species could share identical 

trait values, their independent evolution since splitting still arguably renders their traits 

independent (theoretically in this case, if not empirically).  

Trait ~ rate PGLS has been applied to a variety of species-level evolutionary questions 

(e.g., (160–162)), including with tip DR in univariate contexts (163). Multivariate PGLS models 

(e.g., rate ~ trait1 + trait2) should not suffer the same issue, since the comparative method 

models the residual variation among trait variables in that case, not the rate ((158); see (163) for 

an example using 9 traits). Although we did not conduct multivariate PGLS at the species level, 

we did do so at the clade level as part of phylogenetic path analyses upon time-sliced clades (see 

below, section 9.4) 

9.3 Clade-level correlates of diversification rates 

At the clade level, univariate PGLS could be performed typically, using rate ~ trait 

models, since averaging species’ rates to clade tip DR mean resulted in sister clades having 

independent rate values. We performed univariate PGLS on time-sliced clades at 10-, 30-, and 

50-Ma intervals as well as named taxonomic clades. These analyses were conducted by analogy 

to the previous analyses explaining log clade richness, with exceptions that (i) log tip DR mean 

was the dependent variable; and (ii) per-clade trait data summaries were the predictors (mean 

centered and standard deviation scaled to standardize the effect for comparison). Trait data was 

summarized using geometric means for vagility (to avoid skewing the clade means with large 

dispersal distances) and arithmetic means for latitudinal centroid (absolute value) and diurnality 
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(averaging species coded 0–1 gave a clade proportion of diurnal species). Clade-level PGLS 

analyses were conducted on 100 trees (see Supplementary Results).  

We also performed clade-level tests for trait-dependent diversification using rate-shifted 

clades identified in BAMM runs on each of 10 mammal trees (see section 8.3). Lineage-specific 

rate shifts delimit “regimes” of independent evolutionary rates, to which we asked what traits are 

most associated with elevated rate regimes. A method called “structured rate permutations on 

phylogenies” (STRAPP; (164)) allowed us to randomly shuffle rate values among regimes, each 

time re-calculating trait-rate correlations to generate null distributions for comparison to 

empirical rate correlations. This test thus aims to correct for phylogenetic pseudoreplication of 

traits within rate regimes; i.e., all species in a regime share both evolutionary and rate-shift 

histories, so are not statistically independent (164, 165). PGLS also corrects for phylogenetic 

pseudoreplication, but by considering the full tree covariance structure. STRAPP analyses 

instead reduce the tree to rate regimes because these tree regions are the most independently 

diversifying. The downside is that the power of STRAPP tests is limited by the number of rate 

regimes present (164), and their accuracy of identification (113, 114). We performed STRAPP 

tests using the function “traitDependentBAMM” in BAMMtools, specifying 1000 replicates for 

relationships between BAMM speciation rates and our 3 focal ecological variables of vagility, 

diurnality, and latitude, as well as the binary variable insularity (see Supplementary Results). 

9.4 Phylogenetic path analyses: clade-level causes of diversification and richness 

Path analyses are formal methods for translating between the languages of causality and 

statistical probability, the latter of which is usually employed in correlational (not causal) 

contexts. Causality can nonetheless be approached using statistics by completely resolving the 

correlational structure of a given phenomenon, which implies that all full and partial correlations 

underlying that phenomenon are known. Of the universe of theoretical correlation sets, only 1 

can be causally correct. Sets are expressed as directed acyclic graphs (DAGs; also called 

structural equation models) and employed in path analyses to test the observed data (166). 

Phylogenetic path analyses (PPA; (167)) differ from other path models in their use of 

PGLS to test the statements of conditional independency that make up the “gaps” or non-paths in 

a path diagram (168). For example, the model A → B → C is made up of paths C ~ B, B ~ A, and 

C ~ B + A (conditional dependencies), which means that several non-paths are also implied for 

this DAG to be true (conditional independencies). So if any of the non-paths (e.g., C ~ A) have 

significant PGLS slopes, it means that the null hypothesis of that independency is rejected, and 

thus the model A → B → C is not the best fit to the observed data (path A → C may improve the 

model; (169)). Path analyses are generally confirmatory not exploratory (166), so a key step is 

constructing models to test the most relevant causal hypotheses. 

We chose 27 path models for PPA using our observed mammal data, with the goal of 

connecting hypotheses of species’ ecological traits impacting diversification rates and, in turn, 

patterns of observed clade richness (Fig. S8). All models had 3 levels of vertices consisting of (i) 

clade traits (log vagility, non-log diurnality and latitude; as described in section 9.3); (ii) clade 

rates (log tip DR mean and non-log tip DR skew) and log crown age; and (iii) log clade species 

richness. DAGs varied from having 0-3 paths from clade traits to rates, with each trait only able 

to affect 1 rate variable (mean or skew) at a time; no paths were drawn from clade traits to crown 

age (Fig. S8). All 27 models included the 3 paths from clade rates and ages to richness, as we 

previously showed is best supported (main text Fig. 4, Fig. S8). Time-sliced clades at 10-, 30-, 
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and 50-Ma intervals were analyzed along with taxon-based clades. Sensitivity tests of path 

analyses were additionally conducted to examine the impact of excluding island endemic species 

(n=4553) and DNA-imputed species (n=3941; Supplementary Results). 

We used the “phylopath” package in R (169) to specify the PPA models, as well as 

implement the PGLS analyses (conducted in phylolm) and compare models from the resulting 

outputs. For each of 1000 trees, we did the following: (i) load the tree and per-clade summaries 

for traits; (ii) subset to the targeted traits and standardize all model variables (including richness 

and rates) to establish common scaling; (iii) specify the 27 models; (iv) for each clade, prune the 

tree to the data using “treedata” in geiger (row names of clade summaries were given 

correspondences to tree tip labels in advance); and (v) use the “phylo_path” function to calculate 

model fits using PGLS and lambda transformations.  

Our goal in summarizing results from the 27 models was to identify best supported paths, 

rather than 1 specific model over the others. For this reason, we used a model averaging 

approach focusing on AICc-equivalent scores called “CICc” to quantify model fits per tree and 

clade set (time-sliced or taxon-based clades). CICc uses Fisher’s C-statistic to conduct goodness 

of fit tests on the conditional independencies of each model (168, 170). A given model passes the 

“d-sep test” if it has a C-statistic with P > 0.05 relative to the chi-square distribution with that 

degrees of freedom (171). However, for our time-slice analyses we found that only ~2% to 28% 

of models within 2 CICc units of the best model also satisfied the more conservative d-sep 

criterion (Supplementary Results). For this reason, we chose to focus only on the 2-CICc unit 

threshold for deciding which models 

would go to the next step of model 

averaging (had we used the d-sep 

criterion, not all trees and clade sets 

would have returned supported 

models). For each tree and clade set, 

we averaged path coefficients only 

if they appeared in a given model 

(“conditional” option in the 

phylopath function “average”; (167, 

169)). We then took those 1000 

averaged models and plotted each of 

their coefficients with standard error 

intervals, and took median 

coefficients of all 100 averages to 

plot in summary path diagrams 

(main text Fig. 5b, Supplementary 

Results).  

 

 
 

  
Fig. S8 
Summary of the 27 phylogenetic 

path models tested in the analyses 

of main text Fig. 5. See 

Supplementary Methods, section 9.4 

for details and Table S11 for 

modeling results. 
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Supplementary Results and Discussion 

1. Appropriate use of trees 

We emphasize that our Mammalia-wide trees are ‘completed’ in the sense that we used 

taxonomic constraints to complete the species sampling (see sections 2, 5), and so the trees are 

better suited for rate-based than topology-based questions in macroevolution. For rate-based 

questions, accurately estimating tip-level rates of species diversification depends upon correcting 

for the non-random sampling of DNA among extant species (172–174). Steps of adding no-DNA 

species to phylogenies using taxonomic information will necessarily result in substantial 

uncertainty in the phylogenetic position of those species (e.g., within a genus constraint) across 

resulting trees. However, the aim is to accurately estimate recent branching processes, and so 

downstream analyses should always be performed on samples of trees to reflect this goal (1, 2, 

65). ‘Consensus’ completed trees will be misleading because they obscure topological 

uncertainty (see section 7.2); hence, they should not be relied upon for rate-based comparative 

methods. 

 For questions of ancestral states or character evolution that emphasize having the correct 

topology rather than best rates, it is still best to perform topology-based analyses on a sample of 

DNA-only trees to capture uncertainty in branching. This issue was raised by Rabosky (175) 

with respect to the completed bird trees of Jetz et al. (2). The key point is that in order to avoid 

biasing models of character evolution, the unsampled (no-DNA) species should first be pruned 

out of PASTIS-completed phylogenies (175, 176). In summary, our completed Mammalia trees 

of 5911 species (5804 extant) are designed for rate-based questions; for topology-based 

questions, we recommend either: (i) pruning the time-scaled (ultrametric) distribution of full 

trees to the 4098 DNA species; or (ii) using the global ML tree estimated from the DNA-only 

supermatrix (section 4; but note that the ML tree is a point estimate and not ultrametric). 

 

2. Comparisons to previous mammal studies 

2.1 Topological relationships 

The objective of our study was to provide novel resolution on the rates and timing of 

mammalian divergence events, but our results are nevertheless relevant to a few longstanding 

topological issues in the tree (see Fig. S9-11 for detailed comparisons of the backbone consensus 

trees, and Fig. S12 for a zoom-able view of the full Mammalia tree). We highlight 3 nodes on the 

placental backbone that are especially controversial: 

i. The rooting of Placentalia. We recover support of 0.53 posterior probability (PP) in favor of 

the Atlantogenata rooting (Xenarthra + Afrotheria) compared to 0.47 PP for the Afrotheria 

rooting (Exafroplacentalia) in the node-dated analyses (Fig. S1b-c, Fig. S9-11), while the tip-

dated backbone recovered the Afrotheria rooting most commonly (0.44 PP; rooting of 

Atlantogenata and Xenarthra was also recovered). The high uncertainty we recover for this 

basal divergence event in placentals is typical of other molecular studies (20, 177–181), 

although the Atlantogenata rooting has received more support in phylogenomic data sets 

(e.g., (181)). In contrast, studies that filter genes based on their likelihood of incomplete 

lineage sorting (proxied by AT-content; (178, 182)) generally favour the Afrotheria rooting. 

ii. The position of treeshrews (Scandentia) relative to colugos (Dermoptera) and Primates. We 

find treeshrews allied with colugos (0.78 and 0.84 PP in node- and tip-dated analyses), with 
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that clade always adjacent to Primates (Fig. S2). By comparison, Scandentia has varied in 

position considerably depending on analysis methodology in other studies, mostly between 

the result we recovered and rooting outside all other Euarchontoglires (including rodents and 

lagomorphs; e.g., (178, 180, 181)).  

iii. The position of guinea pig-related rodents (Ctenohystrica) relative to mouse- and squirrel-

related clades. We find this controversial node, which was formerly questioned to even be 

inside Rodentia (183), to be unequivocally recovered as ((guinea pig, squirrel) mouse) in all 

backbone analyses (Fig. S2). Strong support for this relationship was also recovered in some 

studies (20, 181), but others have supported squirrels outside other rodents, usually when 

taxon sampling is smaller (177, 178, 180). Transposon evidence suggests that ancient 

hybridization may be complicating the early history of rodents (56). Regardless of the order 

of branching, these basal rodent divergences were very rapid, possibly even simultaneous 

(i.e., overlapping error bars for nodes 45–47 in Fig. S2d). 

2.2 Backbone divergence times 

Most node ages are statistically equivalent between our node- and tip-dated 

backbones, overlapping in their 95% highest posterior density (HPD) intervals (Fig. S9d; 

Fig. S10 and 11). However, the substantially older root age for crown Mammalia in the 

tip-dated backbone (245.9 Ma, 222.1–268.3), and implausible overlap of this estimate 

with the Permian-Triassic extinction event (69), was one of several reasons that we chose 

to focus on results from the node-dated distribution of trees in our primary analyses. 

Furthermore, a few nodes are also significantly younger in the tip- than node-dated 

backbones: in rodents, we find that Muroidea is ~15 Ma younger (e.g., nodes 52, 53, and 

54 in Fig. S2d); and in yinpterochiropteran bats, node 39 is similarly young. Although 

there is an extensive recent literature on tip-dating in mammals (e.g., (184–187), features 

in Royal Society journals (98, 99, 179)), we note that the indirect use of fossil data as 

node constraints remains more mainstream (e.g., (180, 188–192)).  

Focusing our primary analyses on the node-dating distribution of trees, we found 

that clade crown ages were broadly similar to previous benchmark studies ((14, 20, 177); 

Table S6). Our timings implicate the K-Pg event as possibly concurrent with 9 of the 18 

crown placental ordinal radiations, which is more than the 3, 5, or 6 orders recovered in 

previous analyses (gray ages in Table S6). Our study also estimates no placental order 

radiation as definitively preceding the ~66 Ma K-Pg event, countering previous evidence 

that Eulipotyphla (14, 20) and possibly Rodentia and Primates (14) began radiating 

before this event (Table S6).  

Our node-dating results correspond well to the fossil record. We synthesized information 

on the oldest fossil genera per extant mammalian order from the Paleobiology Database(193) 

(over 70,000 occurrences, see Supplementary Methods section 8.10). Fossil preservation waiting 

times and other taphonomic biases (e.g., figure 1 in Brown et al. (194)), led us to expect 

phylogeny-based stem ages to be consistently older than the oldest fossil assigned to each extant 

order. We found broad agreement with this expectation, with maximum fossil ages overlapping 

the 95% HPD interval of stem age in all but one case (Fig. S13 and Table S7). For 

Didelphimorphia, the stem age was ~18 Ma younger than the fossil Pariadens (93.5–105.3 Ma). 

However, that fossil was assigned to “Family? Stagodontidae” by Cifelli (195) with no reference 

to Didelphimorphia, and subsequently Stagodontidae was added to Didelphimorphia by Davis 
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(196) without reference to Pariadens, suggesting that it more likely attaches to stem Marsupialia. 

Instead, Eodelphis is the oldest confirmed Stagodontidae (66–72.1 Ma (196)) and in line with our 

expectations of being younger than our estimated stem age of 63.2–87.1 Ma. 

2.3 Tip-level rates in mammal supertrees 

We compared the tip DR values estimated from our supermatrix-based study to estimates 

for the same species in existing mammal-wide supertrees to understand how different tree-

building methods influence rates. We selected 3 supertrees for comparison: (i) Kuhn et al. ((16); 

“KEA11”; 5,020 species, sample of 1,000 trees), which has an updated taxonomy (15, 24) and 

randomly resolves the polytomies from the supertree of Bininda-Emonds et al. (14); (ii) Faurby 

and Svenning ((18); “F&S15”; 5,747 species, sample of 1,000 trees), which merges genus- and 

family-level DNA trees using supertree methods; and (iii) the Mammalia portion of the Hedges 

et al. (19) eukaryote timetree compilation (“HEA15”; 5,364 species, 1 consensus tree), which 

merges and smooths average divergence times from a range of compiled studies. We calculated 

tip DR values across all samples of each tree, and then directly matched binomial names across 

the 4 trees (including ours) to yield 4,403 species with identical names for pairwise comparison. 

We find limited concordance between our tree and the earlier supertrees of mammals 

(Fig. S4), illustrated by tip DR correlations of r = 0.57–0.62. The highest 1% of tip DR species 

from each study differs substantially, illustrated visually (Fig. S4a, reddest branches) as well as 

quantitatively, with only 12%, 21%, and 17% of the same 221 species identified with highest tip 

DR in our study similarly identified by KEA11, F&S15, and HEA15, respectively. Reducing that 

comparison to the genus level, those 221 species with top 1% of tip DR belong to 46 different 

genera, of which 22%, 28%, and 41% are similarly recovered with at least one species by those 

studies (same order). Thus, tip DR estimates from our study best match F&S15 at the species 

level and HEA15 at the genus level, although neither are close matches. Relative to each other, 

KEA11 and HEA15 have the most similar pairwise rates (r = 0.78) and F&S15 has a similar 

level of difference to those studies as to our study (r = 0.57–0.59; Fig. S4b). Comparing the top 

1% of tip DR species at the genus level, KEA11 is most similar to HEA15 (68% vs. 25% with 

F&S15), F&S15 is most similar to HEA15 (58% vs. 27% with KEA11), and HEA15 is most 

similar to KEA11 (36% vs. 28% with F&S15). 

Overall, these pairwise tip DR analyses show that rate estimates in our mammal tree are 

substantially different from previous trees. However, given the known biases of supertree 

methods for rate-based evolutionary questions—including the addition of short branches (= rapid 

rates) to nodes where source trees disagree (= high uncertainty)—this discrepancy is not 

surprising. Indeed, the rate biases in supertrees were a key motivation for our study (section 0), 

including that only 46.7% of nodes in the widely used Bininda-Emonds et al. (14) tree were 

originally bifurcating. The signature of resolving the other 53.3% of nodes in KEA11 is still 

visually apparent as blocky tree shapes at ~30 Ma (Fig. S4a). These branching artifacts were 

nevertheless interpreted biologically in several rate-based studies (e.g., (17, 197)). The other 

supertree shapes are qualitatively similar to KEA11, but appear to contain more tipward 

branching (especially the Rodentia portion of F&S15, lower half; Fig. S4a). We use these tree-

wide comparisons to highlight how our Mammalia backbone-and-patch supermatrix phylogeny 

departs from past studies, and in so doing is more appropriate for testing rate-based evolutionary 

questions in mammals.  
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3. Measuring birth and death in the mammal tree 

The ability to detect extinction in extant-only trees is not expected in all cases (198, 199), 

but our trees are apparently large enough to infer consistent signals of extinction at multiple time 

scales, consistent with earlier suggestions (200). Part of the difference in our mammal trees is 

that all subclades and backbones are estimated using birth-death branching models (see sections 

5 and 6) as compared to previous uses of pure birth models in large trees (2, 53, 106). Using 

birth-death models is more computationally intensive, but has clear benefits of biological realism 

in the resulting branch lengths. For example, all else being equal, a 5% overall sequence 

divergence between two species may be reconstructed to a 10-Ma common ancestor using pure 

birth, while a birth-death model allows for extinction on the stem branch and so may reconstruct 

moderate turnover leading to a 5-Ma common ancestor. 

Distinguishing between rate shift scenarios, where net diversification rates change due to 

increased speciation relative to extinction, and high turnover scenarios, where speciation and 

extinction are constantly elevated, is an ongoing phylogenetic issue (e.g., (17, 113, 114, 123, 

201)) that also affects our analyses of the mammal tree. For instance, our BAMM reconstructions 

of speciation and extinction rates through time (main text Fig. 3c, Fig. S6) show considerable 

“coupling” of rate changes, where inferred shifts in rate magnitude usually occur in tandem for 

speciation and extinction across trees. Similarly, the weak positive relationship between BD 

extinction rates and clade tip DR mean (Fig. S4) could be from greater turnover in high-tip-DR 

clades, or else non-independence among rate estimates causing extinction to be “pulled” along 

with higher speciation. In this study, we therefore attempt to identify dynamics of “rate change 

or high turnover” in mammal evolution, recognizing that to separate speciation and extinction 

components of these patterns will most likely require models that fully consider fossil durations. 

3.1 Mass extinction dynamics  

It is within the stated capabilities of both CoMET and TreePar to model mass-extinction 

(ME) events parallel to rate shifts (17, 123). However, our initial runs suggest that the results 

differ considerably when CoMET is parameterized with ME and rate shifts versus when 

estimating ME events alone (sensitivity tests in Fig. S16; “minor” extinction event (202) with 

probability of survival p=0.3 seeded at 66 Ma when a bolide impacted Mexico’s Yucatán 

Peninsula (203)). This sensitivity of CoMET to model priors suggests that tree-wide rate 

variation is being dispatched alternatively to ME or rate-shift categories. This is not surprising, 

nor a serious criticism of the CoMET model; rather, it simply demonstrates a limit of the uses of 

extant-only molecular phylogenies to differentiate these past events. Fossils are needed (17, 

123). Without direct palaeontological data, it may be impossible to distinguish a mass extinction 

event from constant rates interrupted by a period of stasis (i.e., no speciation or extinction; 

(201)).  

Overall, our results show apparent anomalies in tree-wide rates at ~66 Ma (main text Fig. 

3c), as inferred with 3 methods: (i) BAMM finds that speciation and extinction rates both 

increase near the K-Pg, indicating higher turnover (Fig. S6); (ii) TreePar finds up-shifts in 

diversification within 5 Ma of the K-Pg event in 7 of 10 trees (Fig. S6); and, (iii) CoMET 

recovers an increase in net diversification rates peaking near the K-Pg (Fig. S6). We note that 

this signature of K-Pg-related environmental upheaval upon dynamics of mammalian lineage 

turnover is the first such report from a species-level phylogeny of extant mammals, 

complementing well-established dynamics from fossil mammals (204–207). However, the result 
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is somewhat qualitative and should be viewed provisionally given the above-stated concerns 

requiring unified fossil and molecular data to resolve.  

We nevertheless, note that the ~66 Ma K-Pg signature was unexpected since no 

information of the event was seeded in BAMM, TreePar, or CoMET directly (ME priors absent). 

The lack of Cretaceous fossil evidence for crown placentals (70, 71) led us to use soft maximum 

age priors set to 66.0 Ma in node-dated divergence time analyses (NDexp) in 6 cases: 

Lagomorpha, Rodentia, Primates, Anthropoidea, Cetartiodactyla, and Carnivora. But we find 

similar divergence times without those node constraints in our tip-dated backbone analysis (Fig. 

S2, overlapping error bars), suggesting the K-Pg diversification rate signals are robust to our 

backbone analysis methodology. Improving current spatiotemporal biases in the fossil record 

may yield Cretaceous crown placentals, in which case the timing of ordinal diversifications in 

mammals is subject to revision.  

3.2 Lineage-specific rate shifts in BAMM 

Across all branches in Mammalia we find a mean speciation rate of 0.206 (95% CI for 10 

runs: 0.188-0.223) and mean extinction rate of 0.068 (0.053-0.088), all in units of 

species/lineage/Ma. The mean number of post-burnin shifts detected across Mammalia was 36.7 

(95% CI for 10 runs: 27.9-43.4), with the most likely number of shifts ranging from 26 to 41 

(mean: 35.2) and detected in 4.1–8.5% of event samples (mean: 7.1%).  

Important to note is that the reported BAMM rate-shift magnitudes are relative to the 

non-clade background rate, which differs by clade membership for each rate shift from the 

Mammalia-wide median rate of 0.138 species/lineages/Ma (Table S8). Rates from all branches 

across any trees (of 10 tested) that detected a given MSC rate shift are used in the rate magnitude 

calculations. Some rate-shifts are detected on multiple neighboring branches, but not both 

together, across the sample of 10 trees, in which case the non-clade rate was calculated on 

different trees for each portion of the shift. For example, node C has similar clade rates whether 

it occurred on the branch leading to Placentalia or one node tipward (Boreoeutheria), but the 

background rate differs from 0.136 (1.1x lower) to 0.088 species/lineage/Ma (1.6x), respectively, 

depending on which tree is examined (Fig. 1; Table S8). In that particular case, the location of 

the shift appears to depend on the Atlantogenata or Exafroplacentalia rooting of the trees (see 

Fig. S2). Alternative placements of 9 other shifts across the 10 trees similarly show differences 

in the background rate calculations (Table S8 and Data 7), supporting the relevance of 

considering a sample of phylogenies when performing tests for diversification rate shifts.  

3.3 Birth-death likelihood model tests  

We find that 20 of the 27 named clades show stronger fits to temporally rate-variable 

(RV) models of diversification than expected by chance (Table S9), with at least 5 of the 100 

trees tested having ΔAICRC-RV test statistics significantly different than the 95% critical values of 

the same models fit to rate-constant (RC) birth-death tree simulations. For 13 of those 20 named 

clades, >50 of the 100 trees are significantly more rate-variable than expected, with the RV 

models B-Exp and B-Lin_D-Lin most commonly best (Table S9).  

Of the 7 clades that favoured time-invariant RC processes of diversification more often 

than expected by chance (Table S9), 2 are species poor (Xenarthra and Talpidae) while the other 

5 contain >100 species and so warrant further attention. These clades are: (i) Chiroptera; (ii) the 

bat subclade Yinpterochiroptera (the other subclade Yangochiroptera also favored RV models in 
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only 8 trees); (iii) Didelphimorphia opossums; (iv) the lemur and loris clade of Strepsirrhini 

primates; and (v) the guinea pig-related clade of rodents. Bats are a particular anomaly in our 

analyses since they overall match RC birth-death processes despite containing rate shifts on 6 

lineages (Fig. 1, 2d and e). As the second-most speciose order of mammals, we expected to infer 

greater RV signatures within Chiroptera, but instead our results match prior suggestions that time 

predicts bat species richness (family crown age; (59)). Given that bats are the only flying 

mammals and have other unique features (e.g., (61, 208)), they may in fact depart from the RV 

diversification modes that predominate in most mammal clades; however, we highlight that bats 

appear to harbour considerably more undescribed biodiversity than other groups (27, 209), so our 

RC results could be artifactual. Similarly, species diversity may be reasonably considered as 

under-described in guinea pig-related rodents (especially Echimyidae; (210–212)) and in 

Didelphimorphia where 23 new species have been recognized since 2004 (27, 213–215). On the 

other hand, much taxonomic attention upon the lemur and loris clade of Madagascar (e.g., (216)) 

has caused some authors to argue they are over-described (217, 218), so finding RC 

diversification in this primate clade may instead be linked to their high rates of Pleistocene-

Recent extinction (219) and their decrease in diversification rates (node O, Fig. 1). 

Alternatively, in the absence of undiscovered biodiversity or recent lineage extinction, 

RC diversification may be a real phenomenon in these mammal clades requiring a biological 

explanation. Our study suggests that biological factors causing low lineage turnover may be 

responsible for why some clades diversify under RC while others are robustly RV, including 

histories of stabile tropical habitats, high species vagility, or niche adaptations promoting 

persistence such as diurnality (main text Fig. 5). The subjective nature of named clades also 

makes separating ecological traits that define clades (e.g., flight in bats) from the causality of that 

trait influencing diversification rate heterogeneity. The more objective approach of time-sliced 

clades developed here and applied to among-clade rate variation (main text Fig. 4–5), rather than 

these time-varying rate models (main text Fig. 3e, Table S9), may be profitably extended to 

examine time-varying rates and the covariates of those processes. 

3.4 Tip DR skew for measuring clade rate unevenness 

Clade tip DR skew was measured as a way to characterize the distribution of tip DR 

beyond its central tendency. We hypothesized that tip DR mean and skew would together explain 

different aspects of diversification rate variation, particularly for older clades where species-level 

rate variation is averaged out (tip DR mean) or accentuated (tip DR skew). Positive skew implies 

a long right tail of high tip DR values relative to the distribution median. We found that tip DR 

skew captures “long tails” of low- or high-tip-DR species relative to the central tendency of 

given clades, and thus contain information somewhat analogous to lineage-specific rate shifts, 

although without a formal process-based model (Table S10). 

3.5 Testing for trait-dependent diversification in rate-shifted clades  

We conducted STRAPP tests of trait-dependent speciation on each of 10 mammal trees, 

relative to diurnality, vagility, latitude, and insularity. Results corroborate the positive 

association of diurnality with speciation (Fig. S17a), which we previously uncovered at the tip-

level, in 10-Ma clades (main text Fig. 5), and in genera (Fig. S19). No significant associations 

are found in the other comparisons, although vagility surprisingly shows a positive trend with 

speciation rate (Fig. S17b), differing from the direction at the tip-level and young clades (main 

text Fig. 5), but nevertheless non-significant. We interpret diurnality as an example of increased 
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lineage persistence driving the inference of rate shifts, whereas the other traits may drive species 

turnover and not be detected in lineage-specific rate shifts.  

We additionally plotted the distribution of ecological traits among the 18 rate-shifted 

clades (Fig. S17e), which are the non-nested subset of the 24 total shifts in Fig. 1 and Table S8. 

We calculated Mann-Whitney U-tests for difference in trait medians between each clade and the 

rest of mammals (Fig. S17e; open circles denote non-significant; bars denote 95% CIs on the 

difference in medians). Compared to the ecological traits expected in the rest of mammals, we 

find: nine clades are less vagile than expected while seven clades are more vagile (Cetacea, 

Pecora, and Carnivora are extremely more vagile than the mammal median); four clades are 

more diurnal than expected (multi-state coding of 1=nocturnal, 2=cathemeral, 3=diurnal); clades 

are distributed in northern and southern hemispheres; and, four clades are more insular than 

expected. Further investigation of these rate-shifted clades is warranted to characterize their 

clade-specific causes for entering a new rate regime. 

3.6 Comparing time-sliced clades and taxa in trait diversification  

We similarly conducted trait diversification analyses across traditional taxon-defined 

clades for comparison to our time-sliced clades. For univariate PGLS (Fig. S18), we found 

genera, families, and orders to have inconsistent positive or negative effects as regards the 

ecological traits on tip DR mean, and those effects mirrored on tip DR skew. Genera may show 

opposite vagility trends as compared to 10-Ma clades, although the effects are small. 

For the multivariate phylogenetic path analyses (Fig. S20 and Table S11), we found that 

the vagility effects disappeared on tip DR mean for genera, families, and orders, but instead 

manifested on tip DR skew. The positive effects of diurnality on tip DR mean persist on genera 

and families, while those of latitude manifest only on order-level tip DR mean. 

 
 

4. Sensitivity tests of trait diversification 

We conducted re-analyses of tip- and clade-level trait diversification on 1000 trees from 

both the node- and tip-dated backbone distributions, in each case using data subsets to test for the 

following types of bias: 

(i) Excluding island endemic species (n=4553 non-marine species remaining): if islands 

have smaller geographic-range species (220) and stronger selective regimes on body size 

(221), then we may expect them to bias our allometric calculations of vagility (151), 

perhaps driving inverse vagility ~ tip DR in 10 Ma clades; 

(ii) Excluding DNA-missing species (n=3941 non-marine species remaining): if the birth-

death polytomy resolver (PASTIS (1)) that we used to impute DNA-missing species to 

our phylogeny creates a bias for trait evolution studies (222), then excluding imputed 

species should change our tip- and clade-level results. 

(iii) Use of an alternative tip rates metric, node density (ND): if the reliance on tip DR is 

driving our results, then we expect key findings to change using another tip rate metric. 

The concerns raised in Rabosky (222) regarding the analysis of trait diversification on trees 

imputed for DNA-missing species prompted us to test their influence. The paper of Harvey and 

Rabosky (223) similarly motivated our comparison of results using ND (i.e., a simple count of 

nodes from the root to each species’ tip (158)); they show that PGLS using ND can in some 

cases have higher power than tip DR-based PGLS, although with a higher false discovery rate 
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(0.06 vs. 0.02 doing PGLS with tip DR). Note that we did not conduct the ‘sim’ tests described 

in Harvey and Rabosky (223) over concern that their use of rate ~ trait models violates the 

assumption of data point independence in bivariate normal distributions (sister species have 

identical tip rates (158); see Supplementary Methods section 9.2). Instead, we employed trait ~ 

rate PGLS models throughout our sensitivity tests that are nevertheless interpretable in the 

context of assessing trait-dependent diversification (see (158, 160, 163)). Overall, these 

sensitivity tests were broadly self-consistent and produced limited differences in the number of 

significant trees across backbone samples and data subsets.  

4.1 Tip-level PGLS 

The inverse effect of vagility ~ rate in 10-Ma clades is recovered similarly using the ND-

based approach as using tip DR in both island and DNA-missing exclusions, as well as the 

trophic level subsets (Fig. S21). Similarly, the mostly null tip-level effects of diurnality and 

latitude are consistent across subsets. The major difference is that the ND approach is less 

sensitive to the exclusion of DNA-imputed species – e.g., the 1000 trees with significant vagility 

effects on ND for all mammals was reduced to 993 (and 992 tip-dated) versus being reduced 

from 998 to 60 (and 112) using tip DR. The ND approach thus usefully corroborates our tip DR-

based findings and suggests that including the traits of DNA-missing species does not bias the 

conclusions of our tip DR analyses. DNA-missing species are in fact a non-random group of 

species – so excluding them may instead be a greater bias. Nevertheless, we agree that by testing 

for the sensitivity of our results to these imputed species we have confirmed the robustness of 

our trait diversification analyses. 

4.2 Clade-level path analyses 

Our results similarly hold at the level of time-sliced clades. Repeating these sensitivity 

analyses for path models finds qualitatively identical results, with minor differences in the 

number of trees for which a given path coefficient was non-zero (Fig. S22). For ease of 

interpretation, we summarize these data in Table S12. 

For the inverse relationship of vagility ~ rate in 10-Ma clades, we found consistently 

strong evidence that excluding island and imputed species has no major influence (marginal 

relationships in the tip-dated backbone using tip DR mean; Table S12). Similarly, the positive 

diurnality ~ rate relationships in 10-Ma clades are consistently strong or marginal across nearly 

all comparisons. For latitude ~ rate, the tip DR-based comparisons reveal consistently strong or 

marginal results across the 10-, 30-, and 50-Ma clades, while the ND-based comparisons only 

have a consistent signal for the 50-Ma clades. All together, we highlight that the directionality 

and magnitude of results is visually consistent throughout (Fig. S22), an impressive finding 

given the extensive data and complex relationships explored. These sensitivity tests add rigor to 

our primary conclusions regarding ecological causes underlying the uneven recent diversification 

and species richness in mammals. 

 

5. Limitations 

This study was motivated by the clear need for phylogenetic trees that contain 

comparably time-scaled branch lengths from root to tip. Until the computational challenges of 

running a data matrix of >6000 taxa in one partitioned and time-scaled analysis can be overcome, 
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and greater DNA sampling can be obtained, we suggest that the following sources of bias will 

continue to limit the certainty of resulting inferences. 

5.1 Patch clade delimitations and rate shifts 

Our backbone-and-subclade analysis framework led us to assume hard monophyly for 

each of 28 patches from the global ML tree, which are subjective delimitations based on 

bootstrap support and our maximum clade size of ~800 species (see section 5). Arguably, a 

different set of break points might have produced somewhat different branch lengths and among-

clade rate variation in the full mammal tree, in ways that we did not explore directly (run times 

on patch clades were up to 5 weeks in MrBayes, so sensitivity tests were not feasible; Table S5). 

Each patch phylogeny was estimated with a separate DNA matrix in MrBayes (pruned 

from the global 31-gene matrix), so their resulting branch and rate parameters are free to differ 

from the same prior settings. From one perspective, this procedure benefited our results by best-

fitting molecular evolutionary processes to local genetic information, balancing a desirable 

amount of realism with the goal to reduce hard monophyly assumptions by keeping patch clades 

as speciose as possible. In contrast, dividing mammals into patch clades could be viewed as 

over-fitting local processes that are more generally “noise” from the mammal-wide perspective. 

Those disparate philosophical stances require further empirical study, possibly with the use of 

DNA-simulation approaches that target fluctuating molecular evolutionary rates at different 

magnitudes and scales, and then build phylogenetic trees from the resulting data. Covariation 

between empirical molecular evolutionary patterns and life history traits such as generation time, 

reproductive rate, and fecundity may prove especially useful in understanding how frequent such 

molecular-rate fluctuation is in nature. Completing DNA matrices with additional genome-scale 

sequencing is additionally essential, since the gappy-ness of our DNA supermatrix is non-

random by taxon and geography, and thus provides unknown biases. For now, simulation studies 

based on random missing data in supermatrices support our estimates and conclusions (48, 49). 

Regardless of those concerns, the location of 24 lineage-specific rate shifts inferred in our 

BAMM analyses are not dependent on our 28 patch delimitations (Fig. S23). Of the 18 rate shifts 

that are non-overlapping and tipward (B-X; Fig. 1, Table S8), we find that only 4 are located 

along the stem branch for a patch clade (shifts P, Lagomorpha; T, Cricetidae; G, 

Vespertilionoidea; and D, Carnivora), while the remaining 14 shifts are concentrated to 9 patch 

clades, so that 4 patches contain 2-3 tipward rate shifts (Fig. S23). Fifteen of the 28 patch clades 

thus contain zero rate shifts, including the fairly speciose squirrel-related clade (320 species). 

Our contention that rate shift locations are independent from patch decisions is also supported by 

the bird tree (2), which delimited 129 patch clades and estimated 25 rate shifts. 

5.2 PASTIS completion and tip DR 

Two take-home messages from our analyses are that (i) tip DR is an informative metric 

of among-lineage rate processes at multiple phylogenetic scales; and (ii) taxonomic completion 

methods are required to accurately estimate tip DR if some species are unsampled for DNA. 

Until full species-level DNA sampling can be obtained for mammals, then taxon completion 

approaches like ours using PASTIS-generated constraints in MrBayes (1) are useful options for 

obtaining taxonomically realistic tree shapes (i.e., branches for no-DNA species are drawn from 

the same prior distribution as DNA species, which is estimated from the local DNA matrix, see 

section 5). We find up to 2x-higher variance in the tip DR estimates for the completed species 

(Fig. S24a), which is an expected outcome since their taxonomic placement is random within the 
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specified MrBayes constraints across the 10,000 trees. Tip DR medians for the same completed 

species are importantly no different than expected based on the range of tip DRs for DNA-

sampled species (Fig. S24b). We thus find no bias in tip DR estimates regarding whether a 

species was sampled for no genes or all 31 genes. Similarly, including the percent of DNA-

sampled species per clade as a covariate of time-sliced clade richness (Fig. S8) shows that our 

results are insensitive to taxonomic completion. 

5.3 Uneven taxonomic descriptions and tip DR 

Another possible bias in tip DR estimates is the disparate amounts of revisionary 

taxonomic attention that different clades of mammals have historically received. Taxonomic 

descriptions are arguably more narrow in larger- versus smaller-bodied mammals (217, 218), but 

the many low-tip-DR species among large and well-studied lemurs and carnivorans (Fig. 1) 

suggest that taxonomy alone is not driving the signal of faster recent diversification in simian 

primates than in other groups (clades 42 and 43; Fig. 1, 2e). Many small-bodied mammals also 

continue to be described, especially in the Neotropics and Australasia (e.g., (224, 225)), 

apparently without inflating rates. We include in our trees most of the 148 new species of 

Primates described in the last dozen or so years (28.6% of the extant total; (27)), which compares 

to 371 (14.5%), 304 (21.9%), 86 (16.3%) new species of rodents, bats, and shrews, respectively, 

in that interval (27).  

Importantly, we did not include most of the 227 new species of Artiodactyla described 

recently (41.1% of the total; (27)) since they nearly all derive from the monograph of Groves and 

Grubb (226) and are unvetted genetically (217, 218, 227). We conservatively include 348 species 

in Artiodactlya rather than 551 (27, 28), but still find two major rate shifts and elevated tip DRs 

in whale- and cow-related clades (Fig. 1–2), suggesting that those shift magnitudes may be 

underestimates. Overall, we suspect that varied taxonomic efforts should be less biasing in our 

mammal trees than in groups like amphibians (e.g., due to microendemism and tropical 

distributions; (228)), but future efforts to harmonize the definition of species-level lineages on a 

group-wide basis may be fruitful. 

 

6. Coda 

 The value of continued DNA sequencing of mammal species, genes, and genomes, and 

further discovery of fossils cannot be overstated. Nevertheless, the 10+ years elapsed since the 

landmark publication of Bininda-Emonds et al. (14) highlight the clear need for improved rate-

based approaches to species-level mammal phylogeny that this study advances toward. The 

insights gained demonstrate mechanistic links between ecological factors acting on levels of 

individuals and populations (e.g., vagility), their effects on lineage-level processes of speciation 

and species turnover, and the resulting patterns of unevenness in species richness among 

mammal clades. Continued improvements to the tree of life will be the test of those insights. 
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Table S6.  
Divergence times relative to prior studies. Crown divergence mean estimates (Est) and 95% confidence intervals (CI, lower 

and upper) for each taxon listed, with the 27 extant mammal orders in capital letters. Ages in gray are order-level divergences 

estimated near the Cretaceous-Paleogene (K-Pg) extinction, with “near” defined as having 95% CI < 3 Ma of 66 Ma, while 

black ages have CIs >3 before 66 Ma. Our node-dated estimates are compared to global amino acid and DNA dates (20), best 

estimate dates (14), and combined 14K+Mit dates (177). Dates are missing if a node was not recovered or lacked taxon 

sampling. 

    

This study Meredith et al. (2011) 
Bininda-Emonds et 

al. (2007) 
Dos Reis et al. (2012) 

Taxon N Est Low Up Est Low Up Est Low Up Est Low Up 

Mammalia 5911 188.4 166.7 210.9 217.8 203.3 238.2 166.2 Fixed Fixed 184.7 174.6 191.9 

MONOTREMATA 5 38.2 13.5 79.4 36.7 22.4 103.1 63.6 52.2 75 56.4 30.6 84.7 

Theria 5906 159.6 156.3 166.2 190 167.2 215.3 147.4 141.8 153.1 172.8 168.5 177.9 

Marsupialia (Metatheria) 362 79.4 67.9 92.8 81.8 67.9 97.2 82.5 71.4 93.7 76.0 64.3 83.6 

PAUCITUBERCULATA 7 16.4 12.3 20.3 11.7 7.2 16.2 33.2 26.3 40.1 27.8 11.0 47.0 

DIDELPHIMORPHIA 106 38.3 31.3 45.2 31.4 23 38.4 56.2 45.9 67.7 50.5 39.4 60.4 

Australidelphia 249 63.4 54.1 74.8 64.2 53.7 75.5 66.8 63.8 74.2 70.2 58.7 76.6 

DASYUROMORPHIA 78 34.1 27.7 40.9 30 22.1 41.7 31.3 16.2 55.8 46.0 35.6 54.9 

DIPROTODONTIA 146 48.7 41.1 57.5 52.8 42.4 64 54.1 52.4 55.8 57.5 46.5 64.9 

MICROBIOTHERIA 1  .   .   .   .   .   .   .   .   .   .   .   .  

NOTORYCTEMORPHIA 2 6.1 3.6 9.0  .   .   .  9.3 8.3 10.2  .   .   .  

PERAMELEMORPHIA 22 29.5 24.1 35.2 28 21.1 37.1 36.2 30.6 41.8 40.9 30.8 51.4 

Placentalia (Eutheria) 5544 91.8 77.4 105.0 101.3 92.1 116.8 98.5 93.2 108.1 89.2 87.9 90.4 

Xenarthra 33 67.4 53.0 83.9 65.4 58.4 71.5 72.5 67.4 77.6 69.4 66.5 71.8 

CINGULATA 21 37.6 27.7 47.9  .   .   .   .   .   .   .   .   .  

PILOSA 12 59.8 46.8 75.3 56.4 49.2 62.9  .   .   .  62.7 57.5 66.9 

Afrotheria 92 80.0 64.0 94.5 80.9 74.4 96.5 93.4 90.4 96.4 70.4 68.7 72.1 

Afroinsectiphilia 75 77.5 62.4 92.3 78.6 71.8 95.2 93.2 90.2 96.2 64.7 61.2 67.9 

AFROSORICIDA 55 70.4 56.5 85.8 68.2 56.8 88 85.2 81 89.3  .   .   .  

MACROSCELIDEA 19 59.0 44.8 71.7 49.1 37.7 57.2 50.7 43.1 58.3 32.4 19.4 43.9 

TUBULIDENTATA 1  .   .   .   .   .   .   .   .   .   .   .   .  

Paenungulata 17 54.0 41.5 67.4 64.3 56 70.6 75.9 72.0 79.8 60.3 58.3 62.2 

HYRACOIDEA 5 10.0 4.3 15.4 6.1 3.9 8.3 19.1 18.4 20 16.0 76 27.0 

PROBOSCIDEA 7 10.1 4.8 16.2 5.3 1.8 8 19.5 7.6 31.4 8.4 3.4 15.9 

SIRENIA 5 14.3 7.0 22.6 31.4 25 34.4 52.2 37.9 66.5 27.2 12.6 38.7 

Boreoeutheria 5419 83.5 73.1 94.8 92 82.9 107.6 96.1 92.9 98.4 83.8 82.8 84.9 

Laurasiatheria 2456 75.1 66.3 84.1 84.6 78.5 93 87.8 85 90.5 76.0 74.9 77.0 

ARTIODACTYLA 348 58.4 50.3 67.1 65.4 62.3 68.5 70.7 67.6 73.7 61.4 60.7 62.3 

Camelidae 7 9.6 7.1 12.2  .   .   .  30.3 10.4 50.3 28.5 20.1 37.4 

Ruminantia 225 34.0 29.1 41.3 40.3 35.1 46.4 30.2 26.5 34.5 38.7 34.3 42.9 

Suina 21 26.2 21.3 31.1 28.8 20.3 36.9 49.7 35.9 63.5 35.2 27.2 43.7 

Whippomorpha 95 39.3 32.7 46.4 53.7 51.1 58.2 52.2 41.9 62.6 48.1 45.9 50.1 
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Cetacea 91 25.9 15.2 38.6 29.4 13.4 35.1 30.2 26.5 34.5 34.4 33.7 36 

CARNIVORA 298 40.2 33.9 47.9 54.7 47.4 60.6 63.4 59.8 67.1 54.2 52.3 56.0 

Caniformes 172 34.5 28.6 40.4 46.5 39.6 52.1 59.2 55.8 62.6 41.8 34.6 47.8 

Feliformes 126 27.2 22.3 32.2 39.7 33.4 45.9 42.5 37.2 47.9 48.5 45.5 51.5 

CHIROPTERA 1287 57.1 48.7 66.0 66.5 62.3 71.3 71.2 68 74.3 59.2 57.7 60.7 

Yangochiroptera 902 51.9 45.3 58.8 56.3 52.2 61.3  .   .   .  50.7 46.1 54.6 

Yinpterochiroptera 385 50.5 41.4 60.3 62.9 58.6 66.8  .   .   .  53.4 49.2 56.5 

EULIPOTYPHLA 491 74.3 65.4 83.6 77.3 70.7 85.8 82.5 79.8 85.3 61.5 60.9 62.0 

Erinaceidae 24 46.7 39.1 53.7 38.9 29.0 48.9 65.5 60.9 70.1 48.2 43.1 52.7 

Solenodontidae 3 10.9 0.2 39.6  .   .   .  40.8 40.8 40.8  .   .   .  

Soricidae 420 47.2 39.5 55.2  .   .   .  49.0 40.3 58 33.2 26.5 39.6 

Talpidae 44 40.6 32.8 47.7  .   .   .  61.8 52.3 71.3 34.5 29.5 39.4 

PERISSODACTYLA 24 38.7 32.6 45.0 56.8 55.1 61 55.8 51.1 61 52.6 41.8 61.0 

PHOLIDOTA 8 27.1 17.9 38.2 25.3 16.9 35.7 19.1 7.3 46.9  .   .   .  

Euarchontoglires 2963 77.0 67.8 87.4 83.3 74.1 97.8 91.8 90 93.8 75.7 74.8 76.7 

Primatomorpha 480 70.4 61.7 79.8 82 73.7 97.4 88.5 85.9 91 74.1 73.2 75.1 

SCANDENTIA 20 52.8 38.1 68.4 55.9 45 63.9 31.7 29.9 34.7  .   .   .  

DERMOPTERA 2 9.6 3.3 16.5 7.4 4.5 13.2 15 10.2 19.9  .   .   .  

PRIMATES 458 67.1 57.6 76.9 71.5 64.3 78.4 84.5 81.9 87.1 68.2 67.3 69.2 

Catarrhini 152 20.7 17.0 24.6 20.6 17.0 22.7 36.6 33.8 39.5 26.3 25.3 27.4 

Platyrrhini 161 17.0 14.2 20.1 14.6 11.2 18.4 24.5 21.4 28.3 16.2 10.3 22.1 

Tarsiiformes 10 15.7 11.4 19.7  .   .   .  9.7 3.4 15.9 25.3 10.8 41.2 

Strepsirrhini 135 49.6 42.2 57.0 55.1 50.2 58.7 75.5 71.3 79.6 55.1 53.4 56.8 

Glires 2483 72.5 64.4 81.1 79.5 71.5 94.1 88.9 87.8 90.1 70.8 69.9 71.8 

LAGOMORPHA 91 36.2 30.5 42.1 50.2 47.4 56.9 64.3 60 68.7 47.9 45.9 49.3 

RODENTIA 2392 67.9 60.5 75.2 69 64.1 74.8 82.8 80.2 85.4 64.4 63.5 65.3 

Guinea_pig-related 304 61.7 53.0 69.3 61.1 56.1 68.3 56.5 52.0 68.5 32.3 19.5 43.2 

Mouse-related 1768 65.0 58.4 71.6 65.1 60.7 70.0 81.0 78.4 84.5 60.0 55.1 56.7 

Squirrel-related 320 49.8 42.1 57.4 60.5 55.5 64.2 80.1 78.2 81.1 52.8 42.7 58.4 

Placental orders … near K-Pg (< 3 Ma) 9   6   5   3 

… at K-Pg (overlapping) 9   5   3   1 

… before K-Pg (preceding) 0     1     4     0 
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Table S7.  
Fossil maximum stratigraphic ages per order relative to stem ages from our node-dated phylogeny (95% 

HPD age of 10,000 trees). Fossil occurrences (occs.) per extant mammalian order were gathered from the 

Paleobiology Database as described in Supplementary Methods section 8.10. Plotted in Fig. S13. 

 
        Phylogeny stem ages    

Order 

Fossil 

occs. 

per 

order 

Oldest fossil 

genus 

Fossil 

max 

age 

Mean Min Max 

Diff (tree 

max - fossil 

max) 

MONOTREMATA 31 Kryoryctes 122.5 188.4 166.7 210.9 88.5 

Marsupialia 
       

PAUCITUBERCULATA 70 Bardalestes 59.0 79.4 67.9 92.8 33.8 

DIDELPHIMORPHIA 281 Pariadens 105.3 74.4 63.2 87.1 -18.2 

MICROBIOTHERIA 36 Khasia 66.0 63.4 54.1 74.8 8.8 

DIPROTODONTIA 1011 Cercartetus 33.9 61.1 51.7 71.9 38.0 

NOTORYCTEMORPHIA 2 Naraboryctes 23.0 60.0 50.6 70.6 47.5 

DASYUROMORPHIA 202 Gaylordia 58.7 58.6 49.4 68.9 10.2 

PERAMELEMORPHIA 79 Galadi 28.4 58.6 49.4 68.9 40.5 

Placentalia 
       

Xenarthra 
       

PILOSA (=Xenarthra) 1184 Asiabradypus 58.7 67.4 53.0 83.8 25.1 

CINGULATA 608 Proeuphractus 66.0 67.4 53.0 83.8 17.8 

Afrotheria 
       

AFROSORICIDA 192 Eudaemonema 63.3 74.8 61.0 90.8 27.5 

MACROSCELIDEA 695 Cingulodon 66.0 74.8 61.0 90.8 24.8 

TUBULIDENTATA 93 Orycteropus 28.1 77.5 62.4 92.3 64.2 

SIRENIA 438 Prorastomus 56.0 54.0 41.5 67.3 11.3 

PROBOSCIDEA 2665 Eritherium 59.2 50.2 38.5 63.8 4.6 

HYRACOIDEA 176 Megalohyrax 56.0 50.2 38.5 63.8 7.8 

Laurasiatheria 
       

EULIPOTYPHLA 1442 Litolestes 61.7 75.1 66.3 84.1 22.4 

CHIROPTERA 770 Ageina 56.0 70.0 61.7 79.3 23.3 

ARTIODACTYLA 16374 Basilosaurus 66.0 61.9 53.1 69.6 3.6 

PERISSODACTYLA 8948 Paschatherium 59.2 61.9 53.1 69.6 10.4 

CARNIVORA 8877 Pappictidops 66.0 60.6 52.6 69.6 3.6 

PHOLIDOTA 16 Cryptomanis 48.6 60.6 52.6 69.6 21.0 

Euarchontoglires 
       

PRIMATES 3181 Pandemonium 66.0 70.4 61.7 79.8 13.8 

DERMOPTERA 29 Elpidophorus 63.3 60.9 50.1 72.4 9.1 

SCANDENTIA 7 Eodendrogale 48.6 60.9 50.1 72.4 23.8 

LAGOMORPHA 1971 Aktashmys 56.0 72.4 64.4 81.1 25.1 

RODENTIA 15928 Asiaparamys 58.7 72.4 64.4 81.1 22.4 
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Table S8.  
Summary of diversification rate shift recovered using BAMM on 10 mammal trees. For all maximum shift 

credibility (MSC) shifts present in at least 5 of the 10 trees, the average net diversification rates are summarized 

across all branches in the rate-shift (clade rate) and all branches outside that clade in Mammalia (background 

rate). Their ratio gave the rate shift factor. Independent shifts are given letters A-X, while related shifts have the 

same letter (even when in < 5 trees). The mean and 95% HPD divergences are given for each rate-shift location. 
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ID Clade Mean Low Up Richness 

A Marsupialia 79.4 67.9 92.8 362 0.158 0.140 1.1 up 7 

A Marsup (minus Caenolestidae) 74.4 63.2 87.1 355 0.167 0.137 1.2 up 2 
 

DIPROTODONTIA 
       

up 
 

B Macropodidae-Potoridae 18.1 14.7 21.4 78 0.320 0.139 2.3 up 3 

B Macropodidae 15.1 12.2 18.0 66 0.375 0.141 2.7 up 5 

C Placentalia 91.8 77.4 105.0 5544 0.143 0.136 1.1 up 5 

C Boreoeutheria 83.5 73.1 94.8 5419 0.144 0.088 1.6 up 5 

D CARNIVORA 40.2 33.9 47.9 298 0.178 0.142 1.3 up 5 
 

ARTIODACTYLA 
       

up 
 

E Pecora 18.2 15.0 21.4 215 0.229 0.127 1.8 up 3 

E Cervidae-Moschidae-Bovidae 17.0 14.1 20.2 212 0.250 0.141 1.8 up 5 

F Cetacea 25.9 15.2 38.6 91 0.191 0.143 1.3 up 5 
 

CHIROPTERA 
       

up 
 

G Vespertilionid-related 42.0 35.5 49.3 605 0.160 0.128 1.3 up 3 

G Molossidae-Vespertilionidae 40.2 34.0 47.4 593 0.147 0.141 1.1 up/ 

down 

6 

H Phyllostomidae 27.6 23.2 32.5 205 0.155 0.148 1.1 up/ 

down 

2 

H Stenodermatinae 15.5 12.5 18.4 93 0.208 0.138 1.5 up 6 

I Pteropodidae 24.9 19.7 30.3 194 0.168 0.135 1.2 up 5 

I Dobsonia-Rousettus 22.3 18.0 26.5 161 0.177 0.147 1.2 up 2 

J Pteropus 10.1 7.8 12.7 69 0.431 0.138 3.2 up 10 

K Rhinolophidae-Hipposideridae 30.0 24.8 36.1 180 0.164 0.139 1.2 up 7 

L Rhinolophidae 14.2 10.4 18.8 87 0.225 0.139 1.6 up 6 
 

EULIPOTYPHLA 
         

M Crocidurinae 17.9 17.1 18.7 213 0.259 0.136 1.9 up 9 

N PRIMATES 31.5 26.4 36.9 313 0.227 0.136 1.7 up 10 

O Strepsirrhini 49.6 42.2 57.0 135 0.083 0.144 1.7 down 6 

P LAGOMORPHA 36.2 30.5 42.1 91 0.140 0.141 1.1 up/ 

down 

5 

 
RODENTIA 

         

Q Ctenomyidae 6.8 3.6 13.3 65 0.548 0.138 4.0 up 10 
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R Geomyoidea 25.6 21.3 30.0 107 0.169 0.140 1.2 up 5 

S Cricetidae-Muridae 47.7 43.5 52.3 1505 0.190 0.129 1.5 up 5 

T Cricetidae 35.7 31.4 40.5 726 0.195 0.128 1.5 up 6 
 

Muridae 
         

U Murinae 32.9 28.1 37.8 632 0.189 0.130 1.5 up 5 

V Apomys-Melomys 20.9 NA NA 206 0.228 0.138 1.7 up 5 

V Anisomys-Melomys 15.2 14.9 15.6 133 0.231 0.136 1.7 up 3 

W Rattus-Srilankamys 11.0 9.2 12.7 109 0.321 0.138 2.3 up 9 

X Gerbillinae 17.3 14.5 19.9 80 0.212 0.142 1.5 up 2 

X Gerbillus 12.9 10.5 15.5 50 0.243 0.136 1.8 up 3 
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Table S9.  
Results of birth-death likelihood (BDL) tests on 27 named clades. For each clade, the extant species richness (N) is given 

adjacent to the number of 100 trees where the ΔAICRC-RV test statistic of empirical trees is greater than the critical values from 

the null distribution of tests on simulated rate-constant (RC) trees of the same age and richness. Medians and 95% confidence 

intervals are given (Med., Low, Up). Positive values of ΔAICRC-RV indicate that rate-variable (RV) models are favoured. The 

number of 100 trees that find a particular model with lowest AIC is given for two RC models (B, pure birth; B_D, birth-death) 

and 8 RV models (Exp., exponentially varying rates; Lin., linearly varying rates; see Supplementary Methods section 8.7). 
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RODENTIA 2354 100 43.7 31.2 55.9 -1.2 -2.0 3.4  .   .  65  .   .   .  1  .   .  34 

Mouse-rel. 1768 100 39.7 29.4 56.1 -1.4 -2.0 5.7  .   .  45  .   .   .  2  .  1 52 

Squirrel-rel. 320 27 4.3 0.5 7.9 -1.1 -2.0 5.5  .   .  51  .  5 1 42  .   .  1 

Guinea pig-rel. 304 1 0.5 -1.3 3.4 -1.5 -2.0 4.2  .  34 7 21 38  .   .   .   .   .  

LAGOMOR. 90 93 8.8 4.1 12.6 -0.6 -2.1 4.9  .   .  17  .  64  .  14  .  5  .  

CHIROPTER. 1282 2 -0.3 -1.6 4.0 -1.2 -2.0 4.8  .  58 4 37  .   .   .   .  1  .  

Yinptero. 385 0 -0.7 -1.7 1.0 -1.0 -2.0 4.9  .  79 2 3 14  .   .   .  2  .  

Yangochiro. 902 8 1.7 -1.3 5.9 -0.8 -2.0 4.9  .  24 76  .   .   .   .   .   .   .  

EULIPOTYP. 484 98 14.5 6.0 21.3 -1.2 -2.0 5.6  .   .  85 5  .   .   .   .   .  10 

Soricidae 420 96 16.4 3.4 24.3 -1.5 -2.0 4.8  .   .  86 1 2  .  11  .   .   .  

Talpidae 44 0 -0.2 -1.5 1.4 -0.4 -2.2 4.4 51 10 5  .  4  .  30  .   .   .  

PRIMATES 450 100 22.4 14.2 29.1 -1.4 -2.0 5.5  .   .  94  .   .   .   .  4  .  2 

Catarrhini 152 100 12.9 5.9 21.7 -1.1 -2.0 3.3  .   .   .   .  2  .   .   .   .  98 

Platyrrhini 161 7 0.3 -2.1 8.5 -0.4 -2.1 6.7  .  45 25  .   .   .  6 4  .  20 

Strepsirr. 135 1 0.2 -1.2 4.3 -1.4 -2.1 4.4  .  41 49  .  8  .   .   .  1 1 

ARTIODACT. 338 100 24.5 19.0 32.3 -1.0 -2.0 5.1  .   .  40  .   .   .  40 2  .  18 

Ruminantia 225 94 7.2 3.0 10.5 -0.9 -2.0 3.8  .   .   .   .  44  .  49  .   .  7 

Whippom. 95 93 9.5 6.7 17.3 -0.4 -2.1 7.2  .   .  6  .  11  .  52  .   .  31 

CARNIVORA 286 100 15.0 8.2 23.5 -0.6 -2.0 6.6  .   .  14  .   .   .  1  .   .  85 

Caniformes 164 40 5.4 3.7 11.5 -0.6 -1.9 5.7  .   .  40  .   .   .  19  .   .  41 

Feliformes 122 65 5.4 2.6 13.3 -0.7 -2.0 4.3  .   .  6  .   .   .  27  .   .  67 

Afrotheria 
92 18 1.2 -2.0 7.9 -0.8 -2.1 4.7  .  37 8  .   .  4 36 

1

1  .  4 

AFROSORIC. 55 6 1.4 -1.3 4.4 -0.4 -2.2 3.9 1 10 23  .   .   .  63  .  2 1 

Xenarthra 33 0 -0.7 -2.2 1.1 -0.7 -2.3 6.0 66 8 14  .   .   .  12  .   .   .  

DASYUROM. 77 100 11.1 5.5 18.3 -1.5 -2.1 3.1  .   .   .   .   .   .  1  .   .  99 

DIDELPHIM. 105 0 -1.2 -2.0 0.1 -0.9 -2.1 5.5 91 5 2  .   .   .   .   .   .  2 

DIPROTOD. 139 5 1.9 -1.1 7.5 -1.0 -2.1 4.5  .  8 71  .   .   .   .   .   .  21 
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Table S10.  
Per clade summary of tip-level diversification rate (tip DR). Tip DR median, 95% confidence interval, and 

the skew in a given clade across 10,000 node-dated trees. Tests of the clade tip DR versus the (non-clade) 

background rate used the Mann-Whitney U statistic: greater (>, grayed), lesser (<), or not significant (NS). 

Taxon Richness Median 

Low 

(2.5%) 

High 

(97.5%) Skew 

Mann-Whitney 

U-test 

Mammalia 5804 0.211 0.056 0.480 0.145  .   

MONOTREMATA 5 0.022 0.015 0.022 -1.200 *** < 

RODENTIA 2354 0.208 0.061 0.482 1.193 NS  

Mouse-related 1742 0.203 0.060 0.430 0.726 * < 

Squirrel-related 320 0.213 0.076 0.501 0.835 NS  

Guinea pig-related 292 0.233 0.057 0.684 1.090 ** > 

LAGOMORPHA 90 0.265 0.113 0.543 0.595 *** > 

CHIROPTERA 1282 0.180 0.062 0.442 1.585 *** < 

Yinpterochiroptera 381 0.225 0.072 0.647 1.216 ** > 

Yangochiroptera 901 0.162 0.059 0.351 0.720 *** < 

EULIPOTYPHLA 484 0.229 0.053 0.486 0.753 NS  

Soricidae 414 0.243 0.086 0.491 0.847 *** > 

Talpidae 44 0.128 0.043 0.221 -0.003 *** < 

Erinaceidae 24 0.113 0.033 0.133 -0.797 *** < 

SCANDENTIA 20 0.110 0.022 0.137 -1.163 *** < 

DERMOPTERA 2  .   .   .   .   .   

PRIMATES 450 0.326 0.093 0.480 -0.431 *** > 

Simiiformes 309 0.345 0.183 0.500 -0.127 *** > 

Catarrhini 149 0.346 0.174 0.511 -0.013 *** > 

Platyrrhini 160 0.344 0.221 0.487 -0.211 *** > 

Strepsirrhini 131 0.259 0.084 0.397 -0.194 ** > 

PERISSODACTYLA 18 0.106 0.062 0.171 0.074 *** < 

ARTIODACTYLA 338 0.248 0.079 0.537 0.432 *** > 

Ruminantia 217 0.260 0.090 0.502 0.163 *** > 

Whippomorpha 93 0.247 0.075 0.602 0.599 *** > 

PHOLIDOTA 8 0.057 0.054 0.072 0.983 *** < 

CARNIVORA 286 0.238 0.084 0.458 0.305 *** > 

Feliformes 122 0.259 0.089 0.473 0.153 *** > 

Caniformes 164 0.232 0.084 0.426 0.398 * > 

CINGULATA 21 0.068 0.047 0.092 -0.034 *** < 

PILOSA 10 0.047 0.024 0.058 -0.742 *** < 

AFROSORICIDA 55 0.082 0.032 0.149 0.189 *** < 

MACROSCELIDEA 19 0.061 0.044 0.068 -0.630 *** < 

TUBULIDENTATA 1  .   .   .   .   .   

PROBOSCIDEA 2  .   .   .   .   .   
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HYRACOIDEA 5 0.063 0.056 0.063 -0.408 *** < 

SIRENIA 4  .   .   .   .   .   

Marsupialia 350 0.207 0.055 0.414 0.752 NS  

DIPROTODONTIA 139 0.262 0.055 0.530 0.325 *** > 

DIDELPHIMORPHIA 105 0.207 0.075 0.336 0.008 NS  

DASYUROMORPHIA 77 0.183 0.104 0.270 0.058 ** < 

PERAMELEMORPHIA 19 0.189 0.102 0.215 -1.031 NS  

NOTORYCTEMORPHIA 2  .   .   .   .   .   

PAUCITUBERCULATA 7 0.084 0.070 0.099 -0.155 *** < 

MICROBIOTHERIA 1  .   .   .   .   .    

*** P < 0.001; ** P < 0.01; * P < 0.05 
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Table S11.  
Phylogenetic path model results comparing clades defined by time slices vs. taxa. Shown are counts of 100 

trees where each of 27 models was within 2 CICc units of the best model (and counts passing the d-sep test). The 

top 3 models are highlighted in gray for each clade delimitation. All models within 2 CICc units are model 

averaged within each tree; the median of those model averages is in main text Fig. 5 and Fig. S20 for 100 trees. 

 

  Time slices Taxa 

Model name 10 Ma 30 Ma  50 Ma  Gen Fam Ord 

A1 0 (0) 9 (0) 25 (1) 0 (0) 0 (0) 0 (0) 

A1_B1 46 (16) 6 (0) 0 (0) 2 (0) 0 (0) 0 (0) 

A1_B1_C1 76 (22) 5 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

A1_B1_C3 43 (13) 3 (0) 0 (0) 1 (0) 0 (0) 0 (0) 

A1_B3 4 (1) 4 (0) 59 (2) 0 (0) 0 (0) 0 (0) 

A1_B3_C1 12 (4) 5 (1) 14 (0) 0 (0) 0 (0) 0 (0) 

A1_B3_C3 4 (0) 2 (0) 8 (0) 0 (0) 0 (0) 0 (0) 

A1_C1 6 (2) 16 (1) 2 (0) 0 (0) 0 (0) 0 (0) 

A1_C3 4 (0) 4 (0) 5 (0) 0 (0) 0 (0) 0 (0) 

A3 0 (0) 25 (0) 52 (0) 7 (0) 0 (0) 0 (0) 

A3_B1 7 (2) 9 (0) 0 (0) 75 (0) 96 (0) 0 (0) 

A3_B1_C1 20 (3) 45 (2) 3 (0) 84 (0) 68 (0) 0 (0) 

A3_B1_C3 8 (3) 5 (0) 0 (0) 80 (0) 22 (0) 0 (0) 

A3_B3 8 (1) 6 (0) 45 (0) 5 (0) 0 (0) 0 (0) 

A3_B3_C1 15 (3) 58 (3) 23 (0) 4 (0) 0 (0) 0 (0) 

A3_B3_C3 7 (0) 4 (0) 2 (0) 7 (0) 0 (0) 0 (0) 

A3_C1 2 (1) 94 (5) 35 (1) 6 (0) 0 (0) 3 (2) 

A3_C3 1 (0) 14 (0) 7 (0) 6 (0) 0 (0) 0 (0) 

B1 26 (9) 5 (1) 1 (0) 3 (0) 59 (0) 0 (0) 

B1_C1 40 (12) 10 (1) 0 (0) 3 (0) 50 (0) 0 (0) 

B1_C3 21 (6) 3 (0) 0 (0) 2 (0) 14 (0) 0 (0) 

B3 9 (2) 1 (0) 53 (1) 0 (0) 0 (0) 0 (0) 

B3_C1 16 (4) 13 (1) 35 (1) 1 (0) 0 (0) 0 (0) 

B3_C3 5 (1) 2 (0) 9 (0) 0 (0) 0 (0) 0 (0) 

C1 5 (2) 36 (2) 11 (1) 0 (0) 0 (0) 88 (63) 

C3 4 (1) 7 (0) 3 (0) 0 (0) 0 (0) 50 (30) 

noEcoVars 1 (1) 11 (1) 20 (0) 0 (0) 0 (0) 0 (0) 

Percent of models P 

> 0.05 (d-sep test) 
27.9% 4.5% 1.7% 0.0% 0.0% 67.4% 
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Table S12.  
Summary of path analysis sensitivity tests (Fig. S22). The number of trees is given (of 

1000 tested) where the median path coefficient ± SE did not overlap zero. Having >500 

trees with non-zero estimates was viewed as strong evidence (bolded results), ~250-500 

trees as marginal, and < 250 trees as zero. Tip-level diversification rates (tip DR) were 

compared with the node density metric (ND) on the node- and tip-dated full Mammalia 

trees. Trees were based on all extant non-marine mammals (5675 species), excluding 

island endemics (4553 species), and excluding DNA-lacking and imputed (3941 species). 

 

Test all mammals w/o islands w/o imputed 

Inverse vagility ~ tip rate mean, 10 Ma 

tip DR, node-dated 854 701 555 

tip DR, tip-dated 457 442 271 

ND, node-dated 959 929 998 

ND, tip-dated 862 675 979 

Positive diurnality ~ tip rate mean, 10 Ma 

tip DR, node-dated 746 497 740 

tip DR, tip-dated 573 417 548 

ND, node-dated 886 762 714 

ND, tip-dated 316 146 133 

Positive latitude ~ tip rate mean, all slices 

tip DR, node-dated 591, 722, 572 756, 930, 471 475, 644, 255 

tip DR, tip-dated 459, 423, 698 603, 626, 703 264, 228, 366 

ND, node-dated 47, 2, 151 69, 45, 187 454, 0, 146 

ND, tip-dated 20, 2, 525 74, 65, 608 79, 4, 521 
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Fig. S9 
Comparison of results from three methods used to time-calibrate the backbone. Each method is pruned to the 
28 patch clade representatives: (a) fossilized birth-death (FBD) where fossil taxa are placed as extinct tips in the tree 
(left side) and then pruned (right side); and node-dating (ND) approaches setting priors as (b) exponential priors 
from minimum to soft-max ages, and (c) uniform priors spanning minimum to maximum ages. Trees are maximum 
clade credibility summaries of 10,000 trees. Circles at nodes indicate posterior probability (PP) values of ≥ 0.95 
(black), 0.94-0.75 (gray), < 0.75 (white), with the values < 0.95 given. (d) Inferred ages for backbone nodes are 
compared across methods, as based on the ND tree. Note that the FBD trees did not recover node 55 (see part a & 
Fig. S11). 
 
 



 63 

 

Fig. S10 
Full node-dated backbone 
phylogenies. These were 
constructed using (a) 
exponential node priors 
(NDexp) or (b) uniform priors 
(NDuni) in MrBayes based on 
17 fossil calibrations and 
molecular data from our 31-
gene supermatrix. Topology is 
the maximum clade credibility 
tree of 10,000 phylogenies. 
Median ages and 95% highest 
posterior density intervals are 
displayed at nodes. Node 
circles indicate posterior 
probability (PP) values of ≥ 
0.95 (black), 0.94-0.75 (gray), 
< 0.75 (white).  
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Fig. S11 
Full tip-dated backbone 
phylogeny. This was constructed 
using fossilized birth-death (FBD) 
in MrBayes based on the 
morphological matrix of Zhou et 
al. (2013) and molecular data from 
our 31-gene supermatrix. 
Topology is the maximum clade 
credibility tree of 10,000 
phylogenies. Median ages and 
95% highest posterior density 
intervals are displayed at nodes. 
Node circles indicate posterior 
probability (PP) values of ≥ 0.95 
(black), 0.94-0.75 (gray), < 0.75 
(white).  
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Fig. S12 
Detailed full 5911-species phylogeny of Mammalia labeled and zoom-able to the species level. Zoom in to see 
tree tips named by genus, species, family, and order, with lighter gray text denoting those species without DNA 
sequences (30% are missing data and were imputed based on taxonomic constraints and a birth-death model for 
branch lengths). BAMM rate shifts are displayed on nodes following Fig. 1 and Table S8. The time scale follows 
Fig. 1 with the Cretaceous-Paleogene boundary denoted with a black dotted line and the Neogene (most recent ~23 
Ma) denoted as the light gray band near the tips. Higher-level clades are labeled at the edges, including Afrotheria 
(Af.) and Xenarthra (Xe.). Species-level branches are colored with tip-level diversification rates (tip DR) and 
reconstructed using simple Brownian motion for the internal branches. Tip DR values < 0.04 are dark blue and > 
0.55 are bright red. 
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Zaglossus bartoni TACHYGLOSSIDAE MONOTREMATA
Zaglossus bruijnii TACHYGLOSSIDAE MONOTREMATA
Zaglossus attenboroughi TACHYGLOSSIDAE MONOTREMATA

Tachyglossus aculeatus TACHYGLOSSIDAE MONOTREMATA
Ornithorhynchus anatinus ORNITHORHYNCHIDAE MONOTREMATA

Hydrodamalis gigas DUGONGIDAE SIRENIA

Trichechus manatus TRICHECHIDAE SIRENIA

Trichechus senegalensis TRICHECHIDAE SIRENIA

Trichechus inunguis TRICHECHIDAE SIRENIA

Dugong dugon DUGONGIDAE SIRENIAMammut americanum Mammutidae PROBOSCIDEA

Loxodonta africana ELEPHANTIDAE PROBOSCIDEA

Mammuthus primigenius Mammutidae PROBOSCIDEA

Mammuthus columbi Mammutidae PROBOSCIDEA

Elephas maximus ELEPHANTIDAE PROBOSCIDEA

Elephas cypriotes ELEPHANTIDAE PROBOSCIDEA

Elephas antiquus ELEPHANTIDAE PROBOSCIDEA

Procavia capensis PROCAVIIDAE HYRACOIDEA

Heterohyrax brucei PROCAVIIDAE HYRACOIDEA

Dendrohyrax dorsalis PROCAVIIDAE HYRACOIDEA

Dendrohyrax validus PROCAVIIDAE HYRACOIDEA

Dendrohyrax arboreus PROCAVIIDAE HYRACOIDEA

Orycteropus afer ORYCTEROPODIDAE TUBULIDENTATA

Rhynchocyon petersi MACROSCELIDIDAE MACROSCELIDEA

Rhynchocyon chrysopygus MACROSCELIDIDAE MACROSCELIDEA

Rhynchocyon cirnei MACROSCELIDIDAE MACROSCELIDEA

Rhynchocyon udzungwensis MACROSCELIDIDAE MACROSCELIDEA

Elephantulus myurus MACROSCELIDIDAE MACROSCELIDEA

Elephantulus edwardii MACROSCELIDIDAE MACROSCELIDEA

Macroscelides micus MACROSCELIDIDAE MACROSCELIDEA

Macroscelides proboscideus MACROSCELIDIDAE MACROSCELIDEA

Macroscelides flavicaudatus MACROSCELIDIDAE MACROSCELIDEA

Elephantulus revoilii MACROSCELIDIDAE MACROSCELIDEA

Petrodromus tetradactylus MACROSCELIDIDAE MACROSCELIDEA

Elephantulus fuscus MACROSCELIDIDAE MACROSCELIDEA

Elephantulus rozeti MACROSCELIDIDAE MACROSCELIDEA

Elephantulus intufi MACROSCELIDIDAE MACROSCELIDEA

Elephantulus pilicaudus MACROSCELIDIDAE MACROSCELIDEA

Elephantulus rupestris MACROSCELIDIDAE MACROSCELIDEA

Elephantulus fuscipes MACROSCELIDIDAE MACROSCELIDEA

Elephantulus brachyrhynchus MACROSCELIDIDAE MACROSCELIDEA

Elephantulus rufescens MACROSCELIDIDAE MACROSCELIDEA

Potamogale velox TENRECIDAE AFROSORICIDA

Micropotamogale ruwenzorii TENRECIDAE AFROSORICIDA

Micropotamogale lamottei TENRECIDAE AFROSORICIDA

Microgale fotsifotsy TENRECIDAE AFROSORICIDA

Microgale nasoloi TENRECIDAE AFROSORICIDAMicrogale pusilla TENRECIDAE AFROSORICIDA

Microgale principula TENRECIDAE AFROSORICIDA

Microgale majori TENRECIDAE AFROSORICIDA

Microgale dryas TENRECIDAE AFROSORICIDA

Microgale monticola TENRECIDAE AFROSORICIDA

Microgale longicaudata TENRECIDAE AFROSORICIDA

Microgale jobihely TENRECIDAE AFROSORICIDA

Microgale gymnorhyncha TENRECIDAE AFROSORICIDA

Microgale cowani TENRECIDAE AFROSORICIDA

Microgale taiva TENRECIDAE AFROSORICIDA

Microgale grandidieri TENRECIDAE AFROSORICIDAMicrogale gracilis TENRECIDAE AFROSORICIDA

Microgale brevicaudata TENRECIDAE AFROSORICIDA

Microgale dobsoni TENRECIDAE AFROSORICIDA

Microgale thomasi TENRECIDAE AFROSORICIDA

Microgale jenkinsae TENRECIDAE AFROSORICIDA

Limnogale mergulus TENRECIDAE AFROSORICIDA

Microgale talazaci TENRECIDAE AFROSORICIDA

Microgale soricoides TENRECIDAE AFROSORICIDA

Microgale parvula TENRECIDAE AFROSORICIDA

Microgale drouhardi TENRECIDAE AFROSORICIDA

Oryzorictes tetradactylus TENRECIDAE AFROSORICIDA

Oryzorictes hova TENRECIDAE AFROSORICIDA

Geogale aurita TENRECIDAE AFROSORICIDA

Tenrec ecaudatus TENRECIDAE AFROSORICIDA

Hemicentetes semispinosus TENRECIDAE AFROSORICIDA

Hemicentetes nigriceps TENRECIDAE AFROSORICIDA

Setifer setosus TENRECIDAE AFROSORICIDA

Echinops telfairi TENRECIDAE AFROSORICIDA

Huetia leucorhina CHRYSOCHLORIDAE AFROSORICIDA

Calcochloris tytonis CHRYSOCHLORIDAE AFROSORICIDA

Calcochloris obtusirostris CHRYSOCHLORIDAE AFROSORICIDA

Chrysospalax villosus CHRYSOCHLORIDAE AFROSORICIDA

Chrysospalax trevelyani CHRYSOCHLORIDAE AFROSORICIDA

Amblysomus marleyi CHRYSOCHLORIDAE AFROSORICIDA

Amblysomus corriae CHRYSOCHLORIDAE AFROSORICIDA

Amblysomus robustus CHRYSOCHLORIDAE AFROSORICIDA

Carpitalpa arendsi CHRYSOCHLORIDAE AFROSORICIDA

Neamblysomus julianae CHRYSOCHLORIDAE AFROSORICIDA

Neamblysomus gunningi CHRYSOCHLORIDAE AFROSORICIDA

Amblysomus septentrionalis CHRYSOCHLORIDAE AFROSORICIDA

Amblysomus hottentotus CHRYSOCHLORIDAE AFROSORICIDA

Chlorotalpa sclateri CHRYSOCHLORIDAE AFROSORICIDA

Chlorotalpa duthieae CHRYSOCHLORIDAE AFROSORICIDA

Chrysochloris visagiei CHRYSOCHLORIDAE AFROSORICIDA

Cryptochloris zyli CHRYSOCHLORIDAE AFROSORICIDA

Cryptochloris wintoni CHRYSOCHLORIDAE AFROSORICIDA

Chrysochloris asiatica CHRYSOCHLORIDAE AFROSORICIDA

Chrysochloris stuhlmanni CHRYSOCHLORIDAE AFROSORICIDA

Eremitalpa granti CHRYSOCHLORIDAE AFROSORICIDA

Dasypus yepesi DASYPODIDAE CINGULATA

Dasypus sabanicola DASYPODIDAE CINGULATA

Dasypus novemcinctus DASYPODIDAE CINGULATA

Dasypus septemcinctus DASYPODIDAE CINGULATA

Dasypus hybridus DASYPODIDAE CINGULATA

Dasypus pilosus DASYPODIDAE CINGULATA

Dasypus kappleri DASYPODIDAE CINGULATA

Zaedyus pichiy DASYPODIDAE CINGULATA

Euphractus sexcinctus DASYPODIDAE CINGULATA

Chaetophractus vellerosus DASYPODIDAE CINGULATA

Chaetophractus nationi DASYPODIDAE CINGULATA

Chaetophractus villosus DASYPODIDAE CINGULATA

Chlamyphorus truncatus DASYPODIDAE CINGULATA

Calyptophractus retusus DASYPODIDAE CINGULATA

Tolypeutes tricinctus DASYPODIDAE CINGULATA

Tolypeutes matacus DASYPODIDAE CINGULATA

Priodontes maximus DASYPODIDAE CINGULATA

Cabassous chacoensis DASYPODIDAE CINGULATA

Cabassous tatouay DASYPODIDAE CINGULATA

Cabassous unicinctus DASYPODIDAE CINGULATA

Cabassous centralis DASYPODIDAE CINGULATA

Tamandua tetradactyla MYRMECOPHAGIDAE PILOSA

Tamandua mexicana MYRMECOPHAGIDAE PILOSA

Myrmecophaga tridactyla MYRMECOPHAGIDAE PILOSA

Cyclopes didactylus CYCLOPEDIDAE PILOSA

Mylodon darwinii Mylodontidae PILOSA

Choloepus hoffmanni MEGALONYCHIDAE PILOSA

Choloepus didactylus MEGALONYCHIDAE PILOSA

Nothrotheriops shastensis Nothrotheriidae PILOSA

Bradypus torquatus BRADYPODIDAE PILOSA

Bradypus pygmaeus BRADYPODIDAE PILOSA

Bradypus tridactylus BRADYPODIDAE PILOSA

Bradypus variegatus BRADYPODIDAE PILOSA

Solenodon marcanoi SOLENODONTIDAE EULIPOTYPHLA

Solenodon cubanus SOLENODONTIDAE EULIPOTYPHLA

Solenodon paradoxus SOLENODONTIDAE EULIPOTYPHLA

Uropsilus investigator TALPIDAE EULIPOTYPHLA

Uropsilus soricipes TALPIDAE EULIPOTYPHLA

Uropsilus gracilis TALPIDAE EULIPOTYPHLA

Uropsilus andersoni TALPIDAE EULIPOTYPHLA

Uropsilus aequodonenia TALPIDAE EULIPOTYPHLA

Neurotrichus gibbsii TALPIDAE EULIPOTYPHLA

Desmana moschata TALPIDAE EULIPOTYPHLA

Galemys pyrenaicus TALPIDAE EULIPOTYPHLA

Scapanulus oweni TALPIDAE EULIPOTYPHLA

Parascalops breweri TALPIDAE EULIPOTYPHLA

Scapanus townsendii TALPIDAE EULIPOTYPHLA

Scapanus orarius TALPIDAE EULIPOTYPHLA

Scapanus latimanus TALPIDAE EULIPOTYPHLA

Scalopus aquaticus TALPIDAE EULIPOTYPHLA

Euroscaptor micrura TALPIDAE EULIPOTYPHLA

Euroscaptor grandis TALPIDAE EULIPOTYPHLA

Euroscaptor mizura TALPIDAE EULIPOTYPHLA

Euroscaptor subanura TALPIDAE EULIPOTYPHLA

Mogera uchidai TALPIDAE EULIPOTYPHLA

Mogera robusta TALPIDAE EULIPOTYPHLA

Mogera wogura TALPIDAE EULIPOTYPHLA

Mogera imaizumii TALPIDAE EULIPOTYPHLA

Mogera tokudae TALPIDAE EULIPOTYPHLA

Mogera etigo TALPIDAE EULIPOTYPHLA

Mogera insularis TALPIDAE EULIPOTYPHLA

Mogera kanoana TALPIDAE EULIPOTYPHLA

Scaptochirus moschatus TALPIDAE EULIPOTYPHLA

Euroscaptor klossi TALPIDAE EULIPOTYPHLA

Euroscaptor longirostris TALPIDAE EULIPOTYPHLA

Parascaptor leucura TALPIDAE EULIPOTYPHLA

Euroscaptor parvidens TALPIDAE EULIPOTYPHLA

Talpa caeca TALPIDAE EULIPOTYPHLA

Talpa romana TALPIDAE EULIPOTYPHLA

Talpa occidentalis TALPIDAE EULIPOTYPHLA

Talpa europaea TALPIDAE EULIPOTYPHLA

Talpa levantis TALPIDAE EULIPOTYPHLA

Talpa davidiana TALPIDAE EULIPOTYPHLA

Talpa stankovici TALPIDAE EULIPOTYPHLA

Talpa caucasica TALPIDAE EULIPOTYPHLA

Talpa altaica TALPIDAE EULIPOTYPHLA

Urotrichus talpoides TALPIDAE EULIPOTYPHLA

Dymecodon pilirostris TALPIDAE EULIPOTYPHLA

Scaptonyx fusicaudus TALPIDAE EULIPOTYPHLA

Condylura cristata TALPIDAE EULIPOTYPHLA

Congosorex verheyeni SORICIDAE EULIPOTYPHLA

Congosorex polli SORICIDAE EULIPOTYPHLA

Congosorex phillipsorum SORICIDAE EULIPOTYPHLA

Myosorex schalleri SORICIDAE EULIPOTYPHLA

Myosorex jejei SORICIDAE EULIPOTYPHLA

Myosorex rumpii SORICIDAE EULIPOTYPHLA

Myosorex tenuis SORICIDAE EULIPOTYPHLA

Myosorex zinki SORICIDAE EULIPOTYPHLA

Myosorex babaulti SORICIDAE EULIPOTYPHLA

Myosorex kabogoensis SORICIDAE EULIPOTYPHLA

Myosorex varius SORICIDAE EULIPOTYPHLA

Myosorex longicaudatus SORICIDAE EULIPOTYPHLA

Myosorex cafer SORICIDAE EULIPOTYPHLA

Myosorex eisentrauti SORICIDAE EULIPOTYPHLA

Myosorex sclateri SORICIDAE EULIPOTYPHLA

Myosorex blarina SORICIDAE EULIPOTYPHLA

Myosorex okuensis SORICIDAE EULIPOTYPHLA

Myosorex gnoskei SORICIDAE EULIPOTYPHLA

Myosorex kihaulei SORICIDAE EULIPOTYPHLA

Myosorex geata SORICIDAE EULIPOTYPHLA

Myosorex meesteri SORICIDAE EULIPOTYPHLA

Myosorex bururiensis SORICIDAE EULIPOTYPHLA

Sylvisorex corbeti SORICIDAE EULIPOTYPHLA

Suncus hosei SORICIDAE EULIPOTYPHLA

Sylvisorex johnstoni SORICIDAE EULIPOTYPHLA

Suncus aequatorius SORICIDAE EULIPOTYPHLA

Sylvisorex howelli SORICIDAE EULIPOTYPHLA

Sylvisorex lunaris SORICIDAE EULIPOTYPHLA

Sylvisorex camerunensis SORICIDAE EULIPOTYPHLA

Sylvisorex granti SORICIDAE EULIPOTYPHLA

Sylvisorex vulcanorum SORICIDAE EULIPOTYPHLA

Suncus hututsi SORICIDAE EULIPOTYPHLA

Sylvisorex silvanorum SORICIDAE EULIPOTYPHLA

Suncus remyi SORICIDAE EULIPOTYPHLA

Sylvisorex akaibei SORICIDAE EULIPOTYPHLA

Suncus infinitesimus SORICIDAE EULIPOTYPHLA

Suncus varilla SORICIDAE EULIPOTYPHLA

Suncus megalura SORICIDAE EULIPOTYPHLA

Ruwenzorisorex suncoides SORICIDAE EULIPOTYPHLA

Sylvisorex konganensis SORICIDAE EULIPOTYPHLA

Scutisorex thori SORICIDAE EULIPOTYPHLA

Scutisorex somereni SORICIDAE EULIPOTYPHLA

Sylvisorex ollula SORICIDAE EULIPOTYPHLACrocidura pachyura SORICIDAE EULIPOTYPHLA

Crocidura russula SORICIDAE EULIPOTYPHLA

Crocidura roosevelti SORICIDAE EULIPOTYPHLA

Crocidura latona SORICIDAE EULIPOTYPHLA

Crocidura zaphiri SORICIDAE EULIPOTYPHLA

Crocidura caliginea SORICIDAE EULIPOTYPHLA

Crocidura hispida SORICIDAE EULIPOTYPHLA

Crocidura voi SORICIDAE EULIPOTYPHLA

Crocidura tansaniana SORICIDAE EULIPOTYPHLA

Crocidura gmelini SORICIDAE EULIPOTYPHLA

Crocidura cyanea SORICIDAE EULIPOTYPHLA

Crocidura wimmeri SORICIDAE EULIPOTYPHLA

Crocidura baluensis SORICIDAE EULIPOTYPHLA

Crocidura poensis SORICIDAE EULIPOTYPHLA

Crocidura buettikoferi SORICIDAE EULIPOTYPHLA

Crocidura kivuana SORICIDAE EULIPOTYPHLA

Crocidura theresae SORICIDAE EULIPOTYPHLA

Crocidura tenuis SORICIDAE EULIPOTYPHLA

Crocidura batesi SORICIDAE EULIPOTYPHLA

Crocidura floweri SORICIDAE EULIPOTYPHLA

Crocidura grandiceps SORICIDAE EULIPOTYPHLA

Crocidura hildegardeae SORICIDAE EULIPOTYPHLA

Crocidura eisentrauti SORICIDAE EULIPOTYPHLA

Crocidura vosmaeri SORICIDAE EULIPOTYPHLA

Crocidura religiosa SORICIDAE EULIPOTYPHLA

Crocidura attila SORICIDAE EULIPOTYPHLA

Crocidura telfordi SORICIDAE EULIPOTYPHLA

Crocidura dhofarensis SORICIDAE EULIPOTYPHLA

Crocidura maxi SORICIDAE EULIPOTYPHLA

Crocidura nicobarica SORICIDAE EULIPOTYPHLA

Crocidura silacea SORICIDAE EULIPOTYPHLA

Crocidura orii SORICIDAE EULIPOTYPHLA

Crocidura phaeura SORICIDAE EULIPOTYPHLA

Crocidura mariquensis SORICIDAE EULIPOTYPHLA

Crocidura allex SORICIDAE EULIPOTYPHLA

Crocidura ultima SORICIDAE EULIPOTYPHLA

Crocidura fumosa SORICIDAE EULIPOTYPHLA

Crocidura dolichura SORICIDAE EULIPOTYPHLA

Crocidura arispa SORICIDAE EULIPOTYPHLA

Crocidura picea SORICIDAE EULIPOTYPHLA

Crocidura macowi SORICIDAE EULIPOTYPHLA

Crocidura ludia SORICIDAE EULIPOTYPHLA

Crocidura nana SORICIDAE EULIPOTYPHLA

Crocidura greenwoodi SORICIDAE EULIPOTYPHLA

Crocidura desperata SORICIDAE EULIPOTYPHLA

Crocidura stenocephala SORICIDAE EULIPOTYPHLA

Crocidura littoralis SORICIDAE EULIPOTYPHLA

Crocidura maurisca SORICIDAE EULIPOTYPHLA

Crocidura tarella SORICIDAE EULIPOTYPHLA

Crocidura lusitania SORICIDAE EULIPOTYPHLA

Crocidura foxi SORICIDAE EULIPOTYPHLA

Crocidura crossei SORICIDAE EULIPOTYPHLA

Crocidura jouvenetae SORICIDAE EULIPOTYPHLA

Crocidura cinderella SORICIDAE EULIPOTYPHLA

Crocidura lanosa SORICIDAE EULIPOTYPHLA

Crocidura fuscomurina SORICIDAE EULIPOTYPHLA

Paracrocidura graueri SORICIDAE EULIPOTYPHLA

Paracrocidura schoutedeni SORICIDAE EULIPOTYPHLA

Paracrocidura maxima SORICIDAE EULIPOTYPHLA

Crocidura grandis SORICIDAE EULIPOTYPHLA

Crocidura lamottei SORICIDAE EULIPOTYPHLA

Crocidura parvipes SORICIDAE EULIPOTYPHLA

Crocidura katinka SORICIDAE EULIPOTYPHLA

Crocidura vorax SORICIDAE EULIPOTYPHLA

Crocidura macarthuri SORICIDAE EULIPOTYPHLA

Crocidura harenna SORICIDAE EULIPOTYPHLA

Crocidura flavescens SORICIDAE EULIPOTYPHLA

Crocidura hirta SORICIDAE EULIPOTYPHLA

Crocidura fulvastra SORICIDAE EULIPOTYPHLA

Crocidura viaria SORICIDAE EULIPOTYPHLA

Crocidura mutesae SORICIDAE EULIPOTYPHLA

Crocidura goliath SORICIDAE EULIPOTYPHLA

Crocidura olivieri SORICIDAE EULIPOTYPHLA

Crocidura elgonius SORICIDAE EULIPOTYPHLA

Crocidura crenata SORICIDAE EULIPOTYPHLA

Crocidura grassei SORICIDAE EULIPOTYPHLA

Crocidura pitmani SORICIDAE EULIPOTYPHLA

Crocidura muricauda SORICIDAE EULIPOTYPHLA

Crocidura hilliana SORICIDAE EULIPOTYPHLA

Crocidura douceti SORICIDAE EULIPOTYPHLA

Crocidura nimbasilvanus SORICIDAE EULIPOTYPHLA

Crocidura nimbae SORICIDAE EULIPOTYPHLA

Crocidura annamitensis SORICIDAE EULIPOTYPHLA

Crocidura gracilipes SORICIDAE EULIPOTYPHLA

Crocidura selina SORICIDAE EULIPOTYPHLA

Crocidura nanilla SORICIDAE EULIPOTYPHLA

Crocidura munissii SORICIDAE EULIPOTYPHLA

Crocidura mdumai SORICIDAE EULIPOTYPHLA

Crocidura serezkyensis SORICIDAE EULIPOTYPHLA

Crocidura montis SORICIDAE EULIPOTYPHLA

Crocidura macmillani SORICIDAE EULIPOTYPHLA

Crocidura luna SORICIDAE EULIPOTYPHLA

Crocidura monax SORICIDAE EULIPOTYPHLA

Crocidura newmarki SORICIDAE EULIPOTYPHLA

Crocidura denti SORICIDAE EULIPOTYPHLA

Crocidura glassi SORICIDAE EULIPOTYPHLA

Crocidura thalia SORICIDAE EULIPOTYPHLA

Crocidura baileyi SORICIDAE EULIPOTYPHLA

Crocidura arabica SORICIDAE EULIPOTYPHLA

Crocidura niobe SORICIDAE EULIPOTYPHLA

Crocidura zimmermanni SORICIDAE EULIPOTYPHLA

Crocidura canariensis SORICIDAE EULIPOTYPHLA

Crocidura tarfayensis SORICIDAE EULIPOTYPHLA

Crocidura sicula SORICIDAE EULIPOTYPHLA

Crocidura zimmeri SORICIDAE EULIPOTYPHLA

Crocidura leucodon SORICIDAE EULIPOTYPHLA

Crocidura obscurior SORICIDAE EULIPOTYPHLA

Crocidura sapaensis SORICIDAE EULIPOTYPHLA
Crocidura whitakeri SORICIDAE EULIPOTYPHLA

Crocidura pasha SORICIDAE EULIPOTYPHLA
Diplomesodon pulchellum SORICIDAE EULIPOTYPHLA

Crocidura horsfieldii SORICIDAE EULIPOTYPHLA

Crocidura fingui SORICIDAE EULIPOTYPHLA

Crocidura manengubae SORICIDAE EULIPOTYPHLA

Crocidura miya SORICIDAE EULIPOTYPHLA

Crocidura pergrisea SORICIDAE EULIPOTYPHLA

Crocidura hikmiya SORICIDAE EULIPOTYPHLA

Crocidura planiceps SORICIDAE EULIPOTYPHLA

Crocidura sokolovi SORICIDAE EULIPOTYPHLA

Crocidura trichura SORICIDAE EULIPOTYPHLA

Crocidura neglecta SORICIDAE EULIPOTYPHLA

Crocidura rapax SORICIDAE EULIPOTYPHLA

Crocidura lasiura SORICIDAE EULIPOTYPHLA

Crocidura dsinezumi SORICIDAE EULIPOTYPHLA

Crocidura fischeri SORICIDAE EULIPOTYPHLA

Crocidura raineyi SORICIDAE EULIPOTYPHLA

Crocidura phuquocensis SORICIDAE EULIPOTYPHLA

Crocidura fuliginosa SORICIDAE EULIPOTYPHLA

Crocidura indochinensis SORICIDAE EULIPOTYPHLA

Crocidura wuchihensis SORICIDAE EULIPOTYPHLA

Crocidura tanakae SORICIDAE EULIPOTYPHLA

Crocidura zaitsevi SORICIDAE EULIPOTYPHLA

Crocidura attenuata SORICIDAE EULIPOTYPHLA

Crocidura monticola SORICIDAE EULIPOTYPHLA

Crocidura watasei SORICIDAE EULIPOTYPHLA

Crocidura jacksoni SORICIDAE EULIPOTYPHLA
Crocidura armenica SORICIDAE EULIPOTYPHLA

Crocidura paradoxura SORICIDAE EULIPOTYPHLA

Crocidura lwiroensis SORICIDAE EULIPOTYPHLA

Crocidura susiana SORICIDAE EULIPOTYPHLA

Crocidura bottegoides SORICIDAE EULIPOTYPHLA

Crocidura negligens SORICIDAE EULIPOTYPHLA

Crocidura lucina SORICIDAE EULIPOTYPHLA

Crocidura maquassiensis SORICIDAE EULIPOTYPHLA

Crocidura ansellorum SORICIDAE EULIPOTYPHLA

Crocidura malayana SORICIDAE EULIPOTYPHLA

Crocidura yankariensis SORICIDAE EULIPOTYPHLA

Crocidura abscondita SORICIDAE EULIPOTYPHLA

Crocidura jenkinsi SORICIDAE EULIPOTYPHLA

Crocidura virgata SORICIDAE EULIPOTYPHLA

Crocidura nigricans SORICIDAE EULIPOTYPHLA

Crocidura nigripes SORICIDAE EULIPOTYPHLA

Crocidura ninoyi SORICIDAE EULIPOTYPHLA

Crocidura beatus SORICIDAE EULIPOTYPHLA

Crocidura panayensis SORICIDAE EULIPOTYPHLA

Crocidura negrina SORICIDAE EULIPOTYPHLA

Crocidura guy SORICIDAE EULIPOTYPHLA

Crocidura mindorus SORICIDAE EULIPOTYPHLA

Crocidura grayi SORICIDAE EULIPOTYPHLA

Crocidura palawanensis SORICIDAE EULIPOTYPHLA

Crocidura foetida SORICIDAE EULIPOTYPHLA

Crocidura ramona SORICIDAE EULIPOTYPHLACrocidura beccarii SORICIDAE EULIPOTYPHLA

Crocidura longipes SORICIDAE EULIPOTYPHLA

Crocidura smithii SORICIDAE EULIPOTYPHLA

Crocidura lepidura SORICIDAE EULIPOTYPHLA

Crocidura congobelgica SORICIDAE EULIPOTYPHLA

Crocidura orientalis SORICIDAE EULIPOTYPHLA

Crocidura erica SORICIDAE EULIPOTYPHLA

Crocidura brunnea SORICIDAE EULIPOTYPHLA

Crocidura thomensis SORICIDAE EULIPOTYPHLA

Crocidura somalica SORICIDAE EULIPOTYPHLA

Crocidura zarudnyi SORICIDAE EULIPOTYPHLA

Crocidura phanluongi SORICIDAE EULIPOTYPHLA

Crocidura bottegi SORICIDAE EULIPOTYPHLA

Crocidura aleksandrisi SORICIDAE EULIPOTYPHLA

Crocidura caspica SORICIDAE EULIPOTYPHLA

Crocidura pullata SORICIDAE EULIPOTYPHLA

Crocidura sibirica SORICIDAE EULIPOTYPHLA

Crocidura suaveolens SORICIDAE EULIPOTYPHLA

Crocidura shantungensis SORICIDAE EULIPOTYPHLACrocidura hutanis SORICIDAE EULIPOTYPHLA

Crocidura batakorum SORICIDAE EULIPOTYPHLA

Crocidura andamanensis SORICIDAE EULIPOTYPHLA

Crocidura usambarae SORICIDAE EULIPOTYPHLA

Crocidura turba SORICIDAE EULIPOTYPHLA

Crocidura cranbrooki SORICIDAE EULIPOTYPHLA

Crocidura polia SORICIDAE EULIPOTYPHLA

Crocidura nigeriae SORICIDAE EULIPOTYPHLA

Crocidura levicula SORICIDAE EULIPOTYPHLA

Crocidura rhoditis SORICIDAE EULIPOTYPHLA

Crocidura xantippe SORICIDAE EULIPOTYPHLA

Crocidura musseri SORICIDAE EULIPOTYPHLA

Crocidura elongata SORICIDAE EULIPOTYPHLA

Crocidura lea SORICIDAE EULIPOTYPHLA

Crocidura nigrofusca SORICIDAE EULIPOTYPHLA

Suncus zeylanicus SORICIDAE EULIPOTYPHLA

Suncus mertensi SORICIDAE EULIPOTYPHLA

Suncus dayi SORICIDAE EULIPOTYPHLA
Suncus ater SORICIDAE EULIPOTYPHLA

Suncus stoliczkanus SORICIDAE EULIPOTYPHLA

Suncus montanus SORICIDAE EULIPOTYPHLA

Sylvisorex morio SORICIDAE EULIPOTYPHLA

Suncus murinus SORICIDAE EULIPOTYPHLA

Sylvisorex pluvialis SORICIDAE EULIPOTYPHLA

Feroculus feroculus SORICIDAE EULIPOTYPHLA

Suncus madagascariensis SORICIDAE EULIPOTYPHLA

Suncus etruscus SORICIDAE EULIPOTYPHLA

Suncus fellowesgordoni SORICIDAE EULIPOTYPHLA

Suncus lixus SORICIDAE EULIPOTYPHLA

Sylvisorex oriundus SORICIDAE EULIPOTYPHLA

Sylvisorex isabellae SORICIDAE EULIPOTYPHLA

Suncus malayanus SORICIDAE EULIPOTYPHLA
Solisorex pearsoni SORICIDAE EULIPOTYPHLA

Blarinella wardi SORICIDAE EULIPOTYPHLA

Blarinella quadraticauda SORICIDAE EULIPOTYPHLA

Blarinella griselda SORICIDAE EULIPOTYPHLA

Surdisorex schlitteri SORICIDAE EULIPOTYPHLA

Surdisorex polulus SORICIDAE EULIPOTYPHLA

Surdisorex norae SORICIDAE EULIPOTYPHLA

Cryptotis perijensis SORICIDAE EULIPOTYPHLA

Cryptotis lacandonensis SORICIDAE EULIPOTYPHLA

Cryptotis colombiana SORICIDAE EULIPOTYPHLA

Blarina hylophaga SORICIDAE EULIPOTYPHLA

Blarina carolinensis SORICIDAE EULIPOTYPHLA

Blarina brevicauda SORICIDAE EULIPOTYPHLA

Cryptotis gracilis SORICIDAE EULIPOTYPHLA

Cryptotis aroensis SORICIDAE EULIPOTYPHLA

Cryptotis orophila SORICIDAE EULIPOTYPHLA

Cryptotis nigrescens SORICIDAE EULIPOTYPHLA

Cryptotis venezuelensis SORICIDAE EULIPOTYPHLA

Cryptotis peruviensis SORICIDAE EULIPOTYPHLA

Cryptotis niausa SORICIDAE EULIPOTYPHLA

Cryptotis brachyonyx SORICIDAE EULIPOTYPHLA
Cryptotis magna SORICIDAE EULIPOTYPHLA

Cryptotis medellinia SORICIDAE EULIPOTYPHLACryptotis phillipsii SORICIDAE EULIPOTYPHLA

Cryptotis mexicana SORICIDAE EULIPOTYPHLA

Cryptotis nelsoni SORICIDAE EULIPOTYPHLA

Cryptotis obscura SORICIDAE EULIPOTYPHLA

Cryptotis equatoris SORICIDAE EULIPOTYPHLA

Cryptotis montivaga SORICIDAE EULIPOTYPHLA

Cryptotis tamensis SORICIDAE EULIPOTYPHLA

Cryptotis peregrina SORICIDAE EULIPOTYPHLA

Cryptotis goldmani SORICIDAE EULIPOTYPHLA

Cryptotis meridensis SORICIDAE EULIPOTYPHLA

Cryptotis squamipes SORICIDAE EULIPOTYPHLA

Cryptotis tropicalis SORICIDAE EULIPOTYPHLA

Cryptotis lacertosus SORICIDAE EULIPOTYPHLACryptotis hondurensis SORICIDAE EULIPOTYPHLA

Cryptotis mam SORICIDAE EULIPOTYPHLA

Cryptotis mera SORICIDAE EULIPOTYPHLA

Cryptotis goodwini SORICIDAE EULIPOTYPHLA

Cryptotis merriami SORICIDAE EULIPOTYPHLA

Cryptotis endersi SORICIDAE EULIPOTYPHLA

Cryptotis alticola SORICIDAE EULIPOTYPHLA

Cryptotis thomasi SORICIDAE EULIPOTYPHLA
Cryptotis griseoventris SORICIDAE EULIPOTYPHLA

Cryptotis mayensis SORICIDAE EULIPOTYPHLA

Cryptotis oreoryctes SORICIDAE EULIPOTYPHLA

Cryptotis parva SORICIDAE EULIPOTYPHLA

Sorex alpinus SORICIDAE EULIPOTYPHLA

Sorex buchariensis SORICIDAE EULIPOTYPHLA

Sorex oreopolus SORICIDAE EULIPOTYPHLA

Sorex bedfordiae SORICIDAE EULIPOTYPHLA

Sorex ventralis SORICIDAE EULIPOTYPHLASorex excelsus SORICIDAE EULIPOTYPHLA

Sorex veraecrucis SORICIDAE EULIPOTYPHLA

Sorex cylindricauda SORICIDAE EULIPOTYPHLA
Sorex gracillimus SORICIDAE EULIPOTYPHLA

Sorex yukonicus SORICIDAE EULIPOTYPHLA

Sorex ixtlanensis SORICIDAE EULIPOTYPHLA

Sorex planiceps SORICIDAE EULIPOTYPHLA

Sorex minutissimus SORICIDAE EULIPOTYPHLA

Sorex hosonoi SORICIDAE EULIPOTYPHLA

Sorex mirabilis SORICIDAE EULIPOTYPHLA

Sorex minutus SORICIDAE EULIPOTYPHLA

Sorex volnuchini SORICIDAE EULIPOTYPHLA

Sorex thibetanus SORICIDAE EULIPOTYPHLA

Sorex caecutiens SORICIDAE EULIPOTYPHLA

Sorex shinto SORICIDAE EULIPOTYPHLA

Sorex isodon SORICIDAE EULIPOTYPHLA

Sorex unguiculatus SORICIDAE EULIPOTYPHLA

Sorex tundrensis SORICIDAE EULIPOTYPHLA

Sorex asper SORICIDAE EULIPOTYPHLA

Sorex daphaenodon SORICIDAE EULIPOTYPHLA

Sorex coronatus SORICIDAE EULIPOTYPHLA

Sorex araneus SORICIDAE EULIPOTYPHLA

Sorex granarius SORICIDAE EULIPOTYPHLA

Sorex satunini SORICIDAE EULIPOTYPHLA

Sorex antinorii SORICIDAE EULIPOTYPHLA

Sorex arcticus SORICIDAE EULIPOTYPHLA

Sorex maritimensis SORICIDAE EULIPOTYPHLA

Sorex samniticus SORICIDAE EULIPOTYPHLA

Sorex kozlovi SORICIDAE EULIPOTYPHLA

Sorex roboratus SORICIDAE EULIPOTYPHLASorex mediopua SORICIDAE EULIPOTYPHLA

Sorex sclateri SORICIDAE EULIPOTYPHLA
Sorex stizodon SORICIDAE EULIPOTYPHLASorex veraepacis SORICIDAE EULIPOTYPHLA

Sorex cansulus SORICIDAE EULIPOTYPHLA

Sorex arunchi SORICIDAE EULIPOTYPHLA

Sorex raddei SORICIDAE EULIPOTYPHLA

Sorex saussurei SORICIDAE EULIPOTYPHLA

Sorex trowbridgii SORICIDAE EULIPOTYPHLA

Sorex arizonae SORICIDAE EULIPOTYPHLA

Sorex hoyi SORICIDAE EULIPOTYPHLA

Sorex orizabae SORICIDAE EULIPOTYPHLA

Sorex dispar SORICIDAE EULIPOTYPHLA

Sorex fumeus SORICIDAE EULIPOTYPHLA

Sorex nanus SORICIDAE EULIPOTYPHLA

Sorex tenellus SORICIDAE EULIPOTYPHLA

Sorex sonomae SORICIDAE EULIPOTYPHLA
Sorex merriami SORICIDAE EULIPOTYPHLA

Sorex bendirii SORICIDAE EULIPOTYPHLA

Sorex palustris SORICIDAE EULIPOTYPHLA

Sorex monticolus SORICIDAE EULIPOTYPHLA

Sorex bairdi SORICIDAE EULIPOTYPHLA

Sorex pacificus SORICIDAE EULIPOTYPHLA

Sorex neomexicanus SORICIDAE EULIPOTYPHLA

Sorex ornatus SORICIDAE EULIPOTYPHLA

Sorex macrodon SORICIDAE EULIPOTYPHLA

Sorex vagrans SORICIDAE EULIPOTYPHLA

Sorex rohweri SORICIDAE EULIPOTYPHLA

Sorex preblei SORICIDAE EULIPOTYPHLA

Sorex haydeni SORICIDAE EULIPOTYPHLA

Sorex camtschatica SORICIDAE EULIPOTYPHLA

Sorex jacksoni SORICIDAE EULIPOTYPHLA

Sorex portenkoi SORICIDAE EULIPOTYPHLA

Sorex ugyunak SORICIDAE EULIPOTYPHLA

Sorex pribilofensis SORICIDAE EULIPOTYPHLA

Sorex leucogaster SORICIDAE EULIPOTYPHLA

Sorex lyelli SORICIDAE EULIPOTYPHLA

Sorex cinereus SORICIDAE EULIPOTYPHLA

Sorex milleri SORICIDAE EULIPOTYPHLA

Sorex longirostris SORICIDAE EULIPOTYPHLA

Sorex emarginatus SORICIDAE EULIPOTYPHLA
Sorex sinalis SORICIDAE EULIPOTYPHLA

Sorex alaskanus SORICIDAE EULIPOTYPHLA

Anourosorex assamensis SORICIDAE EULIPOTYPHLA

Anourosorex squamipes SORICIDAE EULIPOTYPHLA

Anourosorex yamashinai SORICIDAE EULIPOTYPHLA

Anourosorex schmidi SORICIDAE EULIPOTYPHLA

Episoriculus fumidus SORICIDAE EULIPOTYPHLA

Episoriculus macrurus SORICIDAE EULIPOTYPHLA

Episoriculus leucops SORICIDAE EULIPOTYPHLA

Episoriculus caudatus SORICIDAE EULIPOTYPHLA

Soriculus nigrescens SORICIDAE EULIPOTYPHLA

Chodsigoa salenskii SORICIDAE EULIPOTYPHLA

Chodsigoa parva SORICIDAE EULIPOTYPHLA

Chodsigoa parca SORICIDAE EULIPOTYPHLA

Chodsigoa caovansunga SORICIDAE EULIPOTYPHLA

Chodsigoa sodalis SORICIDAE EULIPOTYPHLA

Chodsigoa lamula SORICIDAE EULIPOTYPHLA

Chodsigoa smithii SORICIDAE EULIPOTYPHLA

Chodsigoa hypsibia SORICIDAE EULIPOTYPHLA

Nectogale elegans SORICIDAE EULIPOTYPHLA

Chimarrogale phaeura SORICIDAE EULIPOTYPHLA

Chimarrogale sumatrana SORICIDAE EULIPOTYPHLA

Chimarrogale platycephalus SORICIDAE EULIPOTYPHLA

Chimarrogale hantu SORICIDAE EULIPOTYPHLA

Chimarrogale styani SORICIDAE EULIPOTYPHLA

Chimarrogale himalayica SORICIDAE EULIPOTYPHLA

Neomys fodiens SORICIDAE EULIPOTYPHLA

Neomys teres SORICIDAE EULIPOTYPHLA

Neomys anomalus SORICIDAE EULIPOTYPHLA

Nesophontes major NESOPHONTIDAE EULIPOTYPHLA

Nesophontes zamicrus NESOPHONTIDAE EULIPOTYPHLA

Nesophontes edithae NESOPHONTIDAE EULIPOTYPHLA

Nesophontes paramicrus NESOPHONTIDAE EULIPOTYPHLA

Nesophontes hypomicrus NESOPHONTIDAE EULIPOTYPHLA

Nesophontes micrus NESOPHONTIDAE EULIPOTYPHLA

Megasorex gigas SORICIDAE EULIPOTYPHLA

Notiosorex evotis SORICIDAE EULIPOTYPHLA

Notiosorex cockrumi SORICIDAE EULIPOTYPHLA

Notiosorex crawfordi SORICIDAE EULIPOTYPHLA

Notiosorex villai SORICIDAE EULIPOTYPHLA

Hylomys megalotis ERINACEIDAE EULIPOTYPHLA

Neotetracus sinensis ERINACEIDAE EULIPOTYPHLA

Neohylomys hainanensis ERINACEIDAE EULIPOTYPHLA

Hylomys suillus ERINACEIDAE EULIPOTYPHLA

Hylomys parvus ERINACEIDAE EULIPOTYPHLA

Podogymnura truei ERINACEIDAE EULIPOTYPHLA

Podogymnura aureospinula ERINACEIDAE EULIPOTYPHLA

Echinosorex gymnura ERINACEIDAE EULIPOTYPHLA

Erinaceus roumanicus ERINACEIDAE EULIPOTYPHLA

Erinaceus concolor ERINACEIDAE EULIPOTYPHLA

Erinaceus europaeus ERINACEIDAE EULIPOTYPHLA

Erinaceus amurensis ERINACEIDAE EULIPOTYPHLA

Paraechinus aethiopicus ERINACEIDAE EULIPOTYPHLA

Paraechinus hypomelas ERINACEIDAE EULIPOTYPHLA

Paraechinus nudiventris ERINACEIDAE EULIPOTYPHLA

Paraechinus micropus ERINACEIDAE EULIPOTYPHLA

Mesechinus hughi ERINACEIDAE EULIPOTYPHLA

Mesechinus dauuricus ERINACEIDAE EULIPOTYPHLA

Hemiechinus collaris ERINACEIDAE EULIPOTYPHLA

Hemiechinus auritus ERINACEIDAE EULIPOTYPHLA

Atelerix sclateri ERINACEIDAE EULIPOTYPHLA

Atelerix frontalis ERINACEIDAE EULIPOTYPHLA

Atelerix albiventris ERINACEIDAE EULIPOTYPHLA

Atelerix algirus ERINACEIDAE EULIPOTYPHLA

Smutsia temminckii MANIDAE PHOLIDOTA

Smutsia gigantea MANIDAE PHOLIDOTA

Phataginus tricuspis MANIDAE PHOLIDOTA

Phataginus tetradactyla MANIDAE PHOLIDOTA

Manis crassicaudata MANIDAE PHOLIDOTA

Manis culionensis MANIDAE PHOLIDOTA

Manis pentadactyla MANIDAE PHOLIDOTA

Manis javanica MANIDAE PHOLIDOTA

Vulpes bengalensis CANIDAE CARNIVORA

Vulpes pallida CANIDAE CARNIVORA

Vulpes velox CANIDAE CARNIVORA

Vulpes lagopus CANIDAE CARNIVORA

Vulpes corsac CANIDAE CARNIVORA

Vulpes ferrilata CANIDAE CARNIVORA

Vulpes vulpes CANIDAE CARNIVORA

Vulpes rueppellii CANIDAE CARNIVORA

Vulpes cana CANIDAE CARNIVORA

Vulpes zerda CANIDAE CARNIVORA

Vulpes cham
a CANIDAE CARNIVORA

Vulpes m
acrotis CANIDAE CARNIVORA

Urocyon littoralis CANIDAE CARNIVORA

Urocyon cinereoargenteus CANIDAE CARNIVORA

Otocyon m
egalotis CANIDAE CARNIVORA

Nyctereutes procyonoides CANIDAE CARNIVORA

Lycaon pictus CANIDAE CARNIVORA

Dusicyon avus CANIDAE CARNIVORA

Dusicyon australis CANIDAE CARNIVORA

Chrysocyon brachyurus CANIDAE CARNIVORA

Canis m
esom

elas CANIDAE CARNIVORA

Canis sim
ensis CANIDAE CARNIVORA

Canis latrans CANIDAE CARNIVORA

Canis aureus CANIDAE CARNIVORA

Canis lupus CANIDAE CARNIVORA

Canis anthus CANIDAE CARNIVORA
Cuon alpinus CANIDAE CARNIVORA

Canis rufus CANIDAE CARNIVORA

Canis adustus CANIDAE CARNIVORA

Pseudalopex sechurae CANIDAE CARNIVORA

Pseudalopex vetulus CANIDAE CARNIVORA

Pseudalopex fulvipes CANIDAE CARNIVORA

Pseudalopex gym
nocercus CANIDAE CARNIVORA

Pseudalopex griseus CANIDAE CARNIVORA

Pseudalopex culpaeus CANIDAE CARNIVORA

Speothos venaticus CANIDAE CARNIVORA

Cerdocyon thous CANIDAE CARNIVORA

Atelocynus m
icrotis CANIDAE CARNIVORA

Neom
onachus tropicalis PHO

CIDAE CARNIVO
RA

Neom
onachus schauinslandi PHO

CIDAE CARNIVO
RA

M
onachus m

onachus PHO
CIDAE CARNIVO

RA

M
irounga leonina PHO

CIDAE CARNIVO
RA

M
irounga angustirostris PHO

CIDAE CARNIVO
RA

Lobodon carcinophaga PHO
CIDAE CARNIVO

RA

Leptonychotes weddellii PHO
CIDAE CARNIVO

RA

O
m

m
atophoca rossii PHO

CIDAE CARNIVO
RA

Hydrurga leptonyx PHO
CIDAE CARNIVO

RA

Erignathus barbatus PHO
CIDAE CARNIVO

RA

Pagophilus groenlandicus PHO
CIDAE CARNIVO

RA

Histriophoca fasciata PHO
CIDAE CARNIVO

RA

Phoca vitulina PHO
CIDAE CARNIVO

RA

Phoca largha PHO
CIDAE CARNIVO

RA

Pusa sibirica PHO
CIDAE CARNIVO

RA

Pusa hispida PHO
CIDAE CARNIVO

RA

Pusa caspica PHO
CIDAE CARNIVO

RA

Halichoerus grypus PHO
CIDAE CARNIVO

RA
Cystophora cristata PHO

CIDAE CARNIVO
RA

Odobenus rosm
arus ODOBENIDAE CARNIVORA

Callorhinus ursinus OTARIIDAE CARNIVORA

Zalophus wollebaeki OTARIIDAE CARNIVORA

Zalophus californianus OTARIIDAE CARNIVORA

Zalophus japonicus OTARIIDAE CARNIVORA

Eum
etopias jubatus OTARIIDAE CARNIVORA

Arctocephalus pusillus OTARIIDAE CARNIVORA

Phocarctos hookeri OTARIIDAE CARNIVORA

Neophoca cinerea OTARIIDAE CARNIVORA

Otaria bryonia OTARIIDAE CARNIVORA

Arctocephalus townsendi OTARIIDAE CARNIVO
RA

Arctocephalus philippii OTARIIDAE CARNIVO
RA

Arctocephalus tropicalis OTARIIDAE CARNIVO
RA

Arctocephalus gazella OTARIIDAE CARNIVO
RA

Arctocephalus forsteri OTARIIDAE CARNIVO
RA

Arctocephalus galapagoensis OTARIIDAE CARNIVO
RA

Arctocephalus australis OTARIIDAE CARNIVO
RA

M
ydaus m

archei M
EPHITIDAE CARNIVO

RA

M
ydaus javanensis M

EPHITIDAE CARNIVO
RA

Spilogale gracilis M
EPHITIDAE CARNIVO

RA

Spilogale pygm
aea M

EPHITIDAE CARNIVO
RA

Spilogale angustifrons M
EPHITIDAE CARNIVO

RA

Spilogale putorius M
EPHITIDAE CARNIVO

RA

M
ephitis m

ephitis M
EPHITIDAE CARNIVO

RA

M
ephitis m

acroura M
EPHITIDAE CARNIVO

RA

Conepatus hum
boldtii M

EPHITIDAE CARNIVO
RA

Conepatus leuconotus M
EPHITIDAE CARNIVO

RA

Conepatus sem
istriatus M

EPHITIDAE CARNIVO
RA

Conepatus chinga M
EPHITIDAE CARNIVO

RA

Potos flavus PRO
CYO

NIDAE CARNIVO
RA

Procyon cancrivorus PRO
CYO

NIDAE CARNIVO
RA

Procyon lotor PRO
CYO

NIDAE CARNIVO
RA

Procyon pygm
aeus PRO

CYO
NIDAE CARNIVO

RA

Bassariscus sum
ichrasti PRO

CYO
NIDAE CARNIVO

RA

Bassariscus astutus PRO
CYO

NIDAE CARNIVO
RA

Nasua nasua PRO
CYO

NIDAE CARNIVO
RA

Nasuella olivacea PRO
CYO

NIDAE CARNIVO
RA

Nasuella m
eridensis PRO

CYO
NIDAE CARNIVO

RA

Nasua narica PRO
CYO

NIDAE CARNIVO
RA

Bassaricyon neblina PRO
CYO

NIDAE CARNIVO
RA

Bassaricyon m
edius PRO

CYO
NIDAE CARNIVO

RA

Bassaricyon gabbii PRO
CYO

NIDAE CARNIVO
RA

Bassaricyon alleni PRO
CYO

NIDAE CARNIVO
RA

Taxidea taxus M
USTELIDAE CARNIVO

RA

M
eles m

eles M
USTELIDAE CARNIVO

RA

M
eles leucurus M

USTELIDAE CARNIVO
RA

M
eles anakum

a M
USTELIDAE CARNIVO

RA

Arctonyx collaris M
USTELIDAE CARNIVO

RA

M
ellivora capensis M

USTELIDAE CARNIVO
RA

M
artes pennanti M

USTELIDAE CARNIVO
RA

G
ulo gulo M

USTELIDAE CARNIVO
RA

M
artes gwatkinsii M

USTELIDAE CARNIVO
RA

M
artes flavigula M

USTELIDAE CARNIVO
RA

M
artes am

ericana M
USTELIDAE CARNIVO

RA

M
artes zibellina M

USTELIDAE CARNIVO
RA

M
artes m

artes M
USTELIDAE CARNIVO

RA

M
artes m

elam
pus M

USTELIDAE CARNIVO
RA

M
artes foina M

USTELIDAE CARNIVO
RA

Eira barbara M
USTELIDAE CARNIVO

RA

M
elogale cucphuongensis M

USTELIDAE CARNIVO
RA

M
elogale m

oschata M
USTELIDAE CARNIVO

RA

M
elogale personata M

USTELIDAE CARNIVO
RA

M
elogale everetti M

USTELIDAE CARNIVO
RA

M
elogale orientalis M

USTELIDAE CARNIVO
RA

M
ustela strigidorsa M

USTELIDAE CARNIVO
RA

M
ustela subpalm

ata M
USTELIDAE CARNIVO

RA

M
ustela nudipes M

USTELIDAE CARNIVO
RA

M
ustela kathiah M

USTELIDAE CARNIVO
RA

M
ustela erm

inea M
USTELIDAE CARNIVO

RA

M
ustela itatsi M

USTELIDAE CARNIVO
RA

M
ustela nigripes M

USTELIDAE CARNIVO
RA

M
ustela eversm

anii M
USTELIDAE CARNIVO

RA

M
ustela putorius M

USTELIDAE CARNIVO
RA

M
ustela lutreola M

USTELIDAE CARNIVO
RA

M
ustela sibirica M

USTELIDAE CARNIVO
RA

M
ustela lutreolina M

USTELIDAE CARNIVO
RA

M
ustela altaica M

USTELIDAE CARNIVO
RA

M
ustela nivalis M

USTELIDAE CARNIVO
RA

Neovison vison M
USTELIDAE CARNIVO

RA

Neovison m
acrodon M

USTELIDAE CARNIVO
RA

M
ustela felipei M

USTELIDAE CARNIVO
RA

M
ustela africana M

USTELIDAE CARNIVO
RA

M
ustela frenata M

USTELIDAE CARNIVO
RA

Vorm
ela peregusna M

USTELIDAE CARNIVO
RA

Poecilogale albinucha M
USTELIDAE CARNIVO

RA

Ictonyx striatus M
USTELIDAE CARNIVO

RA

Ictonyx libyca M
USTELIDAE CARNIVO

RA
G

alictis vittata M
USTELIDAE CARNIVO

RA

Lyncodon patagonicus M
USTELIDAE CARNIVO

RA

G
alictis cuja M

USTELIDAE CARNIVO
RA

Pteronura brasiliensis M
USTELIDAE CARNIVO

RA

Lontra longicaudis M
USTELIDAE CARNIVO

RA

Lontra provocax M
USTELIDAE CARNIVO

RA

Lontra felina M
USTELIDAE CARNIVO

RA

Lontra canadensis M
USTELIDAE CARNIVO

RA

Enhydra lutris M
USTELIDAE CARNIVO

RA

Lutra m
aculicollis M

USTELIDAE CARNIVO
RA

Lutra sum
atrana M

USTELIDAE CARNIVO
RA

Lutra lutra M
USTELIDAE CARNIVO

RA

Lutrogale perspicillata M
USTELIDAE CARNIVO

RA

Aonyx cinerea M
USTELIDAE CARNIVO

RA

Aonyx congicus M
USTELIDAE CARNIVO

RA

Aonyx capensis M
USTELIDAE CARNIVO

RA

Ailurus fulgens AILURIDAE CARNIVO
RA

Ursus spelaeus URSIDAE CARNIVORA

Ursus deningeri URSIDAE CARNIVORA

Ursus m
aritim

us URSIDAE CARNIVORA

Ursus arctos URSIDAE CARNIVORA

M
elursus ursinus URSIDAE CARNIVORA

Ursus thibetanus URSIDAE CARNIVORA

Ursus am
ericanus URSIDAE CARNIVORA

Helarctos m
alayanus URSIDAE CARNIVORA

Trem
arctos ornatus URSIDAE CARNIVORA

Arctodus sim
us URSIDAE CARNIVORA

Ailuropoda m
elanoleuca URSIDAE CARNIVORA

Nandinia binotata NANDINIIDAE CARNIVORA

Hyaena hyaena HYAENIDAE CARNIVORA

Hyaena brunnea HYAENIDAE CARNIVORA

Proteles cristata HYAENIDAE CARNIVORA

Crocuta crocuta HYAENIDAE CARNIVORA

Fossa fossana EUPLERIDAE CARNIVORA

Eupleres goudotii EUPLERIDAE CARNIVORA

Salanoia durrelli EUPLERIDAE CARNIVORA

Salanoia concolor EUPLERIDAE CARNIVORA

M
ungotictis decem

lineata EUPLERIDAE CARNIVORA

Galidictis grandidieri EUPLERIDAE CARNIVORA

Galidictis fasciata EUPLERIDAE CARNIVORA

Galidia elegans EUPLERIDAE CARNIVORA

Cryptoprocta spelea EUPLERIDAE CARNIVORA

Cryptoprocta ferox EUPLERIDAE CARNIVORA

Crossarchus obscurus HERPESTIDAE CARNIVORA

Crossarchus platycephalus HERPESTIDAE CARNIVORA

Crossarchus ansorgei HERPESTIDAE CARNIVORA

Crossarchus alexandri HERPESTIDAE CARNIVORA

Helogale parvula HERPESTIDAE CARNIVORA

Helogale hirtula HERPESTIDAE CARNIVORA

Liberiictis kuhni HERPESTIDAE CARNIVORA

M
ungos m

ungo HERPESTIDAE CARNIVORA

M
ungos gam

bianus HERPESTIDAE CARNIVORA

Dologale dybowskii HERPESTIDAE CARNIVORA

Suricata suricatta HERPESTIDAE CARNIVORA

Ichneum
ia albicauda HERPESTIDAE CARNIVORA

Rhynchogale m
elleri HERPESTIDAE CARNIVORA

Herpestes ochraceus HERPESTIDAE CARNIVORA

Cynictis penicillata HERPESTIDAE CARNIVORA

Paracynictis selousi HERPESTIDAE CARNIVORA

Bdeogale crassicauda HERPESTIDAE CARNIVORA

Bdeogale jacksoni HERPESTIDAE CARNIVORA

Bdeogale nigripes HERPESTIDAE CARNIVORA

Bdeogale om
nivora HERPESTIDAE CARNIVORA

Herpestes sm
ithii HERPESTIDAE CARNIVORA

Herpestes ichneum
on HERPESTIDAE CARNIVORA

Herpestes sanguineus HERPESTIDAE CARNIVORA

Herpestes flavescens HERPESTIDAE CARNIVORA

Herpestes pulverulentus HERPESTIDAE CARNIVORA

Herpestes naso HERPESTIDAE CARNIVORA

Atilax paludinosus HERPESTIDAE CARNIVORA

Herpestes sem
itorquatus HERPESTIDAE CARNIVORA

Herpestes urva HERPESTIDAE CARNIVORA

Herpestes brachyurus HERPESTIDAE CARNIVORA

Herpestes javanicus HERPESTIDAE CARNIVORA

Herpestes edwardsii HERPESTIDAE CARNIVORA

Herpestes fuscus HERPESTIDAE CARNIVORA

Herpestes vitticollis HERPESTIDAE CARNIVORA

Genetta genetta VIVERRIDAE CARNIVORA

Genetta m
aculata VIVERRIDAE CARNIVORA

Genetta bourloni VIVERRIDAE CARNIVORA

Genetta poensis VIVERRIDAE CARNIVORA

Genetta pardina VIVERRIDAE CARNIVORA

Genetta angolensis VIVERRIDAE CARNIVORA

Genetta tigrina VIVERRIDAE CARNIVORA

Genetta thierryi VIVERRIDAE CARNIVORA

Poiana richardsonii VIVERRIDAE CARNIVORA

Poiana leightoni VIVERRIDAE CARNIVORA

Genetta johnstoni VIVERRIDAE CARNIVORA

Genetta victoriae VIVERRIDAE CARNIVORA

Genetta cristata VIVERRIDAE CARNIVORA

Genetta servalina VIVERRIDAE CARNIVORA

Genetta abyssinica VIVERRIDAE CARNIVORA
Genetta piscivora VIVERRIDAE CARNIVORA

Viverricula indica VIVERRIDAE CARNIVORA

Viverra civettina VIVERRIDAE CARNIVORA

Viverra tangalunga VIVERRIDAE CARNIVORA

Viverra m
egaspila VIVERRIDAE CARNIVORA

Viverra zibetha VIVERRIDAE CARNIVORA

Civettictis civetta VIVERRIDAE CARNIVORA
M

acrogalidia musschenbroekii VIVERRIDAE CARNIVORA

Cynogale bennettii VIVERRIDAE CARNIVORA

Hem
igalus derbyanus VIVERRIDAE CARNIVORA

Diplogale hosei VIVERRIDAE CARNIVORA

Chrotogale owstoni VIVERRIDAE CARNIVORA

Arctogalidia trivirgata VIVERRIDAE CARNIVORA

Paradoxurus herm
aphroditus VIVERRIDAE CARNIVORA

Paradoxurus stenocephalus VIVERRIDAE CARNIVORA

Paradoxurus zeylonensis VIVERRIDAE CARNIVORA

Paradoxurus jerdoni VIVERRIDAE CARNIVORA

Pagum
a larvata VIVERRIDAE CARNIVORA

Arctictis binturong VIVERRIDAE CARNIVORA

Prionodon pardicolor PRIONODONTIDAE CARNIVORA

Prionodon linsang PRIONODONTIDAE CARNIVORA

Catopuma temminckii FELIDAE CARNIVORA

Pardofelis marmorata FELIDAE CARNIVORA

Catopuma badia FELIDAE CARNIVORA

Miracinonyx trumani FELIDAE CARNIVORA

Puma concolor FELIDAE CARNIVORA

Smilodon populator FELIDAE CARNIVORA

Herpailurus yagouaroundi FELIDAE CARNIVORA

Acinonyx jubatus FELIDAE CARNIVORA

Lynx rufus FELIDAE CARNIVORA

Lynx lynx FELIDAE CARNIVORA

Lynx pardinus FELIDAE CARNIVORA

Lynx canadensis FELIDAE CARNIVORA

Homotherium serum FELIDAE CARNIVORA

Leopardus geoffroyi FELIDAE CARNIVORA

Leopardus jacobita FELIDAE CARNIVORA

Leopardus pardalis FELIDAE CARNIVORA

Leopardus wiedii FELIDAE CARNIVORA

Leopardus colocolo FELIDAE CARNIVORA

Leopardus guigna FELIDAE CARNIVORA

Leopardus tigrinus FELIDAE CARNIVORA

Prionailurus planiceps FELIDAE CARNIVORA

Prionailurus viverrinus FELIDAE CARNIVORA

Prionailurus bengalensis FELIDAE CARNIVORA

Prionailurus rubiginosus FELIDAE CARNIVORA

Otocolobus manul FELIDAE CARNIVORA

Felis catus FELIDAE CARNIVORA

Felis silvestris FELIDAE CARNIVORA

Felis margarita FELIDAE CARNIVORA

Felis chaus FELIDAE CARNIVORA

Felis nigripes FELIDAE CARNIVORA

Felis bieti FELIDAE CARNIVORA

Leptailurus serval FELIDAE CARNIVORA

Caracal caracal FELIDAE CARNIVORA

Caracal aurata FELIDAE CARNIVORA

Neofelis nebulosa FELIDAE CARNIVORA

Neofelis diardi FELIDAE CARNIVORA

Panthera tigris FELIDAE CARNIVORA

Panthera onca FELIDAE CARNIVORA

Panthera uncia FELIDAE CARNIVORA

Panthera pardus FELIDAE CARNIVORA

Panthera leo FELIDAE CARNIVORA

Hippidion saldiasi EQ
UIDAE PERISSO

DACTYLA

Hippidion principale EQ
UIDAE PERISSO

DACTYLA

Equus africanus EQ
UIDAE PERISSO

DACTYLA

Equus neogeus EQ
UIDAE PERISSO

DACTYLA
Equus capensis EQ

UIDAE PERISSO
DACTYLA

Equus hem
ionus EQ

UIDAE PERISSO
DACTYLA

Equus kiang EQ
UIDAE PERISSO

DACTYLA
Equus ovodovi EQ

UIDAE PERISSO
DACTYLA

Equus zebra EQ
UIDAE PERISSO

DACTYLA

Equus quagga EQ
UIDAE PERISSO

DACTYLA

Equus grevyi EQ
UIDAE PERISSO

DACTYLA
Equus ferus EQ

UIDAE PERISSO
DACTYLA

Equus caballus EQ
UIDAE PERISSO

DACTYLA

Tapirus indicus TAPIRIDAE PERISSO
DACTYLA

Tapirus terrestris TAPIRIDAE PERISSO
DACTYLA

Tapirus pinchaque TAPIRIDAE PERISSO
DACTYLA

Tapirus kabom
ani TAPIRIDAE PERISSO

DACTYLA

Tapirus bairdii TAPIRIDAE PERISSO
DACTYLA

Rhinoceros unicornis RHINO
CEROTIDAE PERISSO

DACTYLA

Rhinoceros sondaicus RHINO
CEROTIDAE PERISSO

DACTYLA

Dicerorhinus sum
atrensis RHINO

CEROTIDAE PERISSO
DACTYLA

Coelodonta antiquitatis RHINO
CEROTIDAE PERISSO

DACTYLA

Diceros bicornis RHINO
CEROTIDAE PERISSO

DACTYLA

Ceratotherium
 sim

um
 RHINO

CEROTIDAE PERISSO
DACTYLA

Vicugna pacos CAM
ELIDAE CETARTIO

DACTYLA

Vicugna vicugna CAM
ELIDAE CETARTIO

DACTYLA

Lam
a guanicoe CAM

ELIDAE CETARTIO
DACTYLA

Lam
a glam

a CAM
ELIDAE CETARTIO

DACTYLA
Cam

elus drom
edarius CAM

ELIDAE CETARTIO
DACTYLA

Cam
elus ferus CAM

ELIDAE CETARTIO
DACTYLA

Cam
elus bactrianus CAM

ELIDAE CETARTIO
DACTYLA

Tayassu pecari TAYASSUIDAE CETARTIO
DACTYLA

Pecari tajacu TAYASSUIDAE CETARTIO
DACTYLA

Catagonus wagneri TAYASSUIDAE CETARTIO
DACTYLA

Phacochoerus africanus SUIDAE CETARTIO
DACTYLA

Phacochoerus aethiopicus SUIDAE CETARTIO
DACTYLA

Hylochoerus m
einertzhageni SUIDAE CETARTIO

DACTYLA

Babyrousa togeanensis SUIDAE CETARTIO
DACTYLA

Babyrousa celebensis SUIDAE CETARTIO
DACTYLA

Babyrousa babyrussa SUIDAE CETARTIO
DACTYLA

Potam
ochoerus porcus SUIDAE CETARTIO

DACTYLA

Potam
ochoerus larvatus SUIDAE CETARTIO

DACTYLA

Porcula salvania SUIDAE CETARTIO
DACTYLA

Sus bucculentus SUIDAE CETARTIO
DACTYLA

Sus oliveri SUIDAE CETARTIO
DACTYLA

Sus ahoenobarbus SUIDAE CETARTIO
DACTYLA

Sus celebensis SUIDAE CETARTIO
DACTYLA

Sus verrucosus SUIDAE CETARTIO
DACTYLA

Sus barbatus SUIDAE CETARTIO
DACTYLA

Sus cebifrons SUIDAE CETARTIO
DACTYLA

Sus philippensis SUIDAE CETARTIO
DACTYLA

Sus scrofa SUIDAE CETARTIO
DACTYLA

Hippopotam
us lem

erlei HIPPO
POTAM

IDAE CETARTIO
DACTYLA

Hippopotam
us am

phibius HIPPO
POTAM

IDAE CETARTIO
DACTYLA

Hippopotam
us guldbergi HIPPO

POTAM
IDAE CETARTIO

DACTYLA
Choeropsis liberiensis HIPPO

POTAM
IDAE CETARTIO

DACTYLA

Indopacetus pacificus ZIPHIIDAE CETARTIO
DACTYLA

Physeter m
acrocephalus PHYSETERIDAE CETARTIO

DACTYLA

Kogia sim
a PHYSETERIDAE CETARTIO

DACTYLA

Kogia breviceps PHYSETERIDAE CETARTIO
DACTYLA

Platanista gangetica PLATANISTIDAE CETARTIO
DACTYLA

Berardius bairdii ZIPHIIDAE CETARTIO
DACTYLA

Berardius arnuxii ZIPHIIDAE CETARTIO
DACTYLA

M
esoplodon traversii ZIPHIIDAE CETARTIO

DACTYLA

M
esoplodon bidens ZIPHIIDAE CETARTIO

DACTYLA

M
esoplodon grayi ZIPHIIDAE CETARTIO

DACTYLA

M
esoplodon densirostris ZIPHIIDAE CETARTIO

DACTYLA

M
esoplodon europaeus ZIPHIIDAE CETARTIO

DACTYLA
M

esoplodon hectori ZIPHIIDAE CETARTIO
DACTYLA

M
esoplodon carlhubbsi ZIPHIIDAE CETARTIO

DACTYLA

M
esoplodon layardii ZIPHIIDAE CETARTIO

DACTYLA
M

esoplodon m
irus ZIPHIIDAE CETARTIO

DACTYLA

M
esoplodon ginkgodens ZIPHIIDAE CETARTIO

DACTYLA

Hyperoodon planifrons ZIPHIIDAE CETARTIO
DACTYLA

Hyperoodon am
pullatus ZIPHIIDAE CETARTIO

DACTYLA
M

esoplodon stejnegeri ZIPHIIDAE CETARTIO
DACTYLA

Ziphius cavirostris ZIPHIIDAE CETARTIO
DACTYLA

Tasm
acetus shepherdi ZIPHIIDAE CETARTIO

DACTYLA

Pontoporia blainvillei INIIDAE CETARTIO
DACTYLA

Inia geoffrensis INIIDAE CETARTIO
DACTYLA

Inia boliviensis INIIDAE CETARTIO
DACTYLA

Inia araguaiaensis INIIDAE CETARTIO
DACTYLA

Lipotes vexillifer INIIDAE CETARTIO
DACTYLA

Neophocaena phocaenoides PHO
CO

ENIDAE CETARTIO
DACTYLA

Neophocaena asiaeorientalis PHO
CO

ENIDAE CETARTIO
DACTYLA

Phocoenoides dalli PHO
CO

ENIDAE CETARTIO
DACTYLA

Phocoena phocoena PHO
CO

ENIDAE CETARTIO
DACTYLA

Phocoena spinipinnis PHO
CO

ENIDAE CETARTIO
DACTYLA

Phocoena sinus PHO
CO

ENIDAE CETARTIO
DACTYLA

Phocoena dioptrica PHO
CO

ENIDAE CETARTIO
DACTYLA

Delphinapterus leucas M
O

NO
DO

NTIDAE CETARTIO
DACTYLA

M
onodon m

onoceros M
O

NO
DO

NTIDAE CETARTIO
DACTYLA

Lagenorhynchus acutus DELPHINIDAE CETARTIO
DACTYLA

Lagenorhynchus albirostris DELPHINIDAE CETARTIO
DACTYLA

O
rcinus orca DELPHINIDAE CETARTIO

DACTYLA

O
rcaella heinsohni DELPHINIDAE CETARTIO

DACTYLA
O

rcaella brevirostris DELPHINIDAE CETARTIO
DACTYLA

G
ram

pus griseus DELPHINIDAE CETARTIO
DACTYLA

Pseudorca crassidens DELPHINIDAE CETARTIO
DACTYLA

Peponocephala electra DELPHINIDAE CETARTIO
DACTYLA

G
lobicephala m

elas DELPHINIDAE CETARTIO
DACTYLA

G
lobicephala m

acrorhynchus DELPHINIDAE CETARTIO
DACTYLA

Feresa attenuata DELPHINIDAE CETARTIO
DACTYLA

Steno bredanensis DELPHINIDAE CETARTIO
DACTYLA

Sotalia guianensis DELPHINIDAE CETARTIO
DACTYLA

Sotalia fluviatilis DELPHINIDAE CETARTIO
DACTYLA

Tursiops truncatus DELPHINIDAE CETARTIO
DACTYLA

Stenella attenuata DELPHINIDAE CETARTIO
DACTYLA

Tursiops australis DELPHINIDAE CETARTIO
DACTYLA

Lagenodelphis hosei DELPHINIDAE CETARTIO
DACTYLA

Stenella longirostris DELPHINIDAE CETARTIO
DACTYLA

Sousa teuszii DELPHINIDAE CETARTIO
DACTYLA

Sousa chinensis DELPHINIDAE CETARTIO
DACTYLA

Sousa sahulensis DELPHINIDAE CETARTIO
DACTYLA

Tursiops aduncus DELPHINIDAE CETARTIO
DACTYLA

Stenella frontalis DELPHINIDAE CETARTIO
DACTYLA

Stenella coeruleoalba DELPHINIDAE CETARTIO
DACTYLA

Stenella clym
ene DELPHINIDAE CETARTIO

DACTYLA
Delphinus delphis DELPHINIDAE CETARTIO

DACTYLA
Delphinus capensis DELPHINIDAE CETARTIO

DACTYLA

Lagenorhynchus obscurus DELPHINIDAE CETARTIO
DACTYLA

Lagenorhynchus obliquidens DELPHINIDAE CETARTIO
DACTYLA

Lagenorhynchus cruciger DELPHINIDAE CETARTIO
DACTYLA

Lagenorhynchus australis DELPHINIDAE CETARTIO
DACTYLA

Cephalorhynchus hectori DELPHINIDAE CETARTIO
DACTYLA

Cephalorhynchus heavisidii DELPHINIDAE CETARTIO
DACTYLA

Cephalorhynchus eutropia DELPHINIDAE CETARTIO
DACTYLA

Cephalorhynchus com
m

ersonii DELPHINIDAE CETARTIO
DACTYLA

Caperea m
arginata NEO

BALAENIDAE CETARTIO
DACTYLA

M
egaptera novaeangliae BALAENO

PTERIDAE CETARTIO
DACTYLA

Eschrichtius robustus ESCHRICHTIIDAE CETARTIO
DACTYLA

Balaenoptera acutorostrata BALAENO
PTERIDAE CETARTIO

DACTYLA

M
esoplodon bowdoini ZIPHIIDAE CETARTIO

DACTYLA

Eubalaena glacialis BALAENIDAE CETARTIO
DACTYLA

Balaenoptera m
usculus BALAENO

PTERIDAE CETARTIO
DACTYLA

Balaenoptera edeni BALAENO
PTERIDAE CETARTIO

DACTYLA

Balaenoptera borealis BALAENO
PTERIDAE CETARTIO

DACTYLA

Balaenoptera om
urai BALAENO

PTERIDAE CETARTIO
DACTYLA

M
esoplodon perrini ZIPHIIDAE CETARTIO

DACTYLA

Balaenoptera physalus BALAENO
PTERIDAE CETARTIO

DACTYLA

Balaenoptera bonaerensis BALAENO
PTERIDAE CETARTIO

DACTYLA
M

esoplodon peruvianus ZIPHIIDAE CETARTIO
DACTYLA

Lissodelphis peronii DELPHINIDAE CETARTIO
DACTYLA

Lissodelphis borealis DELPHINIDAE CETARTIO
DACTYLA

Balaena m
ysticetus BALAENIDAE CETARTIO

DACTYLA

Eubalaena japonica BALAENIDAE CETARTIO
DACTYLA

Eubalaena australis BALAENIDAE CETARTIO
DACTYLA

M
oschiola kathygre TRAG

ULIDAE CETARTIO
DACTYLA

M
oschiola indica TRAG

ULIDAE CETARTIO
DACTYLA

M
oschiola m

em
inna TRAG

ULIDAE CETARTIO
DACTYLA

Tragulus napu TRAG
ULIDAE CETARTIO

DACTYLA

Tragulus william
soni TRAG

ULIDAE CETARTIO
DACTYLA

Tragulus javanicus TRAG
ULIDAE CETARTIO

DACTYLA

Tragulus kanchil TRAG
ULIDAE CETARTIO

DACTYLA
Tragulus versicolor TRAG

ULIDAE CETARTIO
DACTYLA

Tragulus nigricans TRAG
ULIDAE CETARTIO

DACTYLA
Hyem

oschus aquaticus TRAG
ULIDAE CETARTIO

DACTYLA

O
kapia johnstoni G

IRAFFIDAE CETARTIO
DACTYLA

G
iraffa cam

elopardalis G
IRAFFIDAE CETARTIO

DACTYLA
Antilocapra am

ericana ANTILO
CAPRIDAE CETARTIO

DACTYLA

M
untiacus vuquangensis CERVIDAE CETARTIO

DACTYLA
M

untiacus atherodes CERVIDAE CETARTIO
DACTYLA

M
untiacus rooseveltorum

 CERVIDAE CETARTIO
DACTYLA

M
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untiacus truongsonensis CERVIDAE CETARTIO

DACTYLA
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A Elaphodus cephalophus CERVIDAE CETARTIO
DACTYLAM
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Rangifer tarandus CERVIDAE CETARTIO
DACTYLA

Pudu m
ephistophiles CERVIDAE CETARTIO

DACTYLA
M

azam
a rufina CERVIDAE CETARTIO

DACTYLA

O
docoileus virginianus CERVIDAE CETARTIO

DACTYLA
O

docoileus hem
ionus CERVIDAE CETARTIO

DACTYLA
M

azam
a tem

am
a CERVIDAE CETARTIO

DACTYLA
M

azam
a am

ericana CERVIDAE CETARTIO
DACTYLA

M
azam

a nana CERVIDAE CETARTIO
DACTYLA

M
azam

a bororo CERVIDAE CETARTIO
DACTYLA

M
azam

a pandora CERVIDAE CETARTIO
DACTYLA

Blastocerus dichotom
us CERVIDAE CETARTIO

DACTYLA

M
azam

a bricenii CERVIDAE CETARTIO
DACTYLA

M
azam

a gouazoubira CERVIDAE CETARTIO
DACTYLA

Hippocam
elus bisulcus CERVIDAE CETARTIO

DACTYLA
M

azam
a chunyi CERVIDAE CETARTIO

DACTYLA

Hippocam
elus antisensis CERVIDAE CETARTIO

DACTYLA
M

azam
a nem

orivaga CERVIDAE CETARTIO
DACTYLA

O
zotoceros bezoarticus CERVIDAE CETARTIO

DACTYLA
Pudu puda CERVIDAE CETARTIO

DACTYLA

Hydropotes inerm
is CERVIDAE CETARTIO

DACTYLA

Capreolus pygargus CERVIDAE CETARTIO
DACTYLA

Capreolus capreolus CERVIDAE CETARTIO
DACTYLA

Alces am
ericanus CERVIDAE CETARTIO

DACTYLA
Alces alces CERVIDAE CETARTIO

DACTYLA
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ATALIDAE CHIROPTERA
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ATALIDAE CHIROPTERA
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aturatus N

ATALIDAE CHIROPTERA
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NATALIDAE CHIROPTERA
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ns N
ATALIDAE CHIROPTERA
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pus N
ATALIDAE CHIROPTERA

Tadarida kuboriensis MOLOSSIDAE CHIROPTERA

Tadarida aegyptiaca MOLOSSIDAE CHIROPTERA

Mormopterus doriae MOLOSSIDAE CHIROPTERA

Tadarida jobimena MOLOSSIDAE CHIROPTERA
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arasin

orum MOLOSSIDAE CHIROPTERA

Chaerephon bemmeleni M
OLOSSIDAE CHIROPTERA

Chaerephon plica
tus M

OLOSSIDAE CHIROPTERA

Chaerephon gallagheri M
OLOSSIDAE CHIROPTERA

Mops b
rachypterus M

OLOSSIDAE CHIROPTERA

Mops n
iangarae MOLOSSIDAE CHIROPTERA

Chaerephon bivitt
atus M

OLOSSIDAE CHIROPTERA

Chaerephon tomensis 
MOLOSSIDAE CHIROPTERA
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tor M
OLOSSIDAE CHIROPTERA
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ops M

OLOSSIDAE CHIROPTERA

Mops s
purrelli M

OLOSSIDAE CHIROPTERA

Chaerephon bregullae MOLOSSIDAE CHIROPTERA

Chaerephon major M
OLOSSIDAE CHIROPTERA
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eterso

ni M
OLOSSIDAE CHIROPTERA

Chaerephon jobensis 
MOLOSSIDAE CHIROPTERA

Chaerephon ansorgei M
OLOSSIDAE CHIROPTERA

Mops tr
evori M

OLOSSIDAE CHIROPTERA

Chaerephon aloysii
sabaudiae MOLOSSIDAE CHIROPTERA

Chaerephon atsin
anana MOLOSSIDAE CHIROPTERA

Chaerephon pumilus M
OLOSSIDAE CHIROPTERA

Chaerephon ch
apini M

OLOSSIDAE CHIROPTERA

Mops n
iveiventer M

OLOSSIDAE CHIROPTERA

Chaerephon johorensis 
MOLOSSIDAE CHIROPTERA

Mops co
ndylurus M

OLOSSIDAE CHIROPTERA

Mops n
anulus M

OLOSSIDAE CHIROPTERA

Mops le
ucostig

ma MOLOSSIDAE CHIROPTERA

Mops c
ongicu

s M
OLOSSIDAE CHIROPTERA

Mops b
akarii M

OLOSSIDAE CHIROPTERA

Chaerephon so
lomonis M

OLOSSIDAE CHIROPTERA

Chaerephon russa
tus M

OLOSSIDAE CHIROPTERA

Mops m
idas M

OLOSSIDAE CHIROPTERA

Chaerephon nigeriae MOLOSSIDAE CHIROPTERA

Mops th
ersit

es M
OLOSSIDAE CHIROPTERA

Mormopterus kitcheneri M
OLOSSIDAE CHIROPTERA

Mormopterus lumsdenae MOLOSSIDAE CHIROPTERA

Mormopterus beccarii M
OLOSSIDAE CHIROPTERA

Mormopterus p
hrudus M

OLOSSIDAE CHIROPTERA

Molossu
s c

urrentium MOLOSSIDAE CHIROPTERA

Mormopterus planiceps MOLOSSIDAE CHIROPTERA

Molossus barnesi MOLOSSIDAE CHIROPTERA

Molossus pretiosus MOLOSSIDAE CHIROPTERA

Mormopterus halli M
OLOSSIDAE CHIROPTERA

Molossu
s a

lvarezi M
OLOSSIDAE CHIROPTERA

Mormopterus loriae MOLOSSIDAE CHIROPTERA

Mormopterus norfolkensis MOLOSSIDAE CHIROPTERA

Mormopterus minutus MOLOSSIDAE CHIROPTERA

Mormopterus eleryi MOLOSSIDAE CHIROPTERA

Sauromys petrophilus MOLOSSIDAE CHIROPTERA

Tadarida brasiliensis MOLOSSIDAE CHIROPTERA

Otomops johnstonei MOLOSSIDAE CHIROPTERA

Otomops papuensis MOLOSSIDAE CHIROPTERA

Otomops formosus MOLOSSIDAE CHIROPTERA

Otomops wroughtoni MOLOSSIDAE CHIROPTERA

Otomops secundus MOLOSSIDAE CHIROPTERA

Otomops martie
nsseni MOLOSSIDAE CHIROPTERA

Otomops madagascariensis MOLOSSIDAE CHIROPTERANyctinomops macrotis MOLOSSIDAE CHIROPTERA

Nyctinomops aurispinosus MOLOSSIDAE CHIROPTERA

Nyctinomops femorosaccus MOLOSSIDAE CHIROPTERA

Nyctinomops laticaudatus MOLOSSIDAE CHIROPTERA

Nyctinomops kalinowskii M
OLOSSIDAE CHIROPTERA

Molossops mattogrossensis MOLOSSIDAE CHIROPTERA

Molossops temminckii M
OLOSSIDAE CHIROPTERA

Molossops neglectus MOLOSSIDAE CHIROPTERA

Molossops aequatorianus MOLOSSIDAE CHIROPTERA

Cynomops abrasus MOLOSSIDAE CHIROPTERA

Cynomops greenhalli M
OLOSSIDAE CHIROPTERA

Cynomops paranus MOLOSSIDAE CHIROPTERA

Cynomops mexicanus MOLOSSIDAE CHIROPTERA

Cynomops planirostris MOLOSSIDAE CHIROPTERA

Molossus molossus MOLOSSIDAE CHIROPTERA

Molossus aztecus MOLOSSIDAE CHIROPTERA

Molossus rufus MOLOSSIDAE CHIROPTERA

Molossus coibensis MOLOSSIDAE CHIROPTERA

Tadarida lobata MOLOSSIDAE CHIROPTERA

Promops nasutus MOLOSSIDAE CHIROPTERA

Promops centralis MOLOSSIDAE CHIROPTERA

Tadarida ventralis M
OLOSSIDAE CHIROPTERA

Eumops hansae MOLOSSIDAE CHIROPTERA

Eumops patagonicus MOLOSSIDAE CHIROPTERA

Eumops bonariensis MOLOSSIDAE CHIROPTERA

Eumops maurus MOLOSSIDAE CHIROPTERA

Eumops auripendulus MOLOSSIDAE CHIROPTERA

Eumops underwoodi MOLOSSIDAE CHIROPTERA

Eumops dabbenei MOLOSSIDAE CHIROPTERA

Eumops chiribaya MOLOSSIDAE CHIROPTERA

Eumops glaucinus MOLOSSIDAE CHIROPTERA

Eumops ferox MOLOSSIDAE CHIROPTERA

Eumops floridanus MOLOSSIDAE CHIROPTERA

Eumops tru
mbulli M

OLOSSIDAE CHIROPTERA

Eumops wilsoni MOLOSSIDAE CHIROPTERA

Eumops perotis MOLOSSIDAE CHIROPTERA

Tadarida teniotis MOLOSSIDAE CHIROPTERA

Tadarida australis MOLOSSIDAE CHIROPTERA

Tadarida insignis MOLOSSIDAE CHIROPTERA

Mormopterus acetabulosus MOLOSSIDAE CHIROPTERA

Tadarida fulminans MOLOSSIDAE CHIROPTERA

Molossus sinaloae MOLOSSIDAE CHIROPTERA

Cheiromeles to
rquatus M

OLOSSIDAE CHIROPTERA

Cheiromeles p
arvid

ens M
OLOSSIDAE CHIROPTERA

Mormopterus ju
gularis 

MOLOSSIDAE CHIROPTERA

Mormopterus fr
ancoism

outoui M
OLOSSIDAE CHIROPTERA

Tadarida latouchei MOLOSSIDAE CHIROPTERA

Myopterus w
hitle

yi M
OLOSSIDAE CHIROPTERA

Myopterus d
aubentonii M

OLOSSIDAE CHIROPTERA

Tomopeas ra
vus M

OLOSSIDAE CHIROPTERA

Platym
ops s

etiger M
OLOSSIDAE CHIROPTERA

Miniopterus shortrid
gei VESPERTILIONIDAE CHIROPTERA

Miniopterus griffit
hsi VESPERTILIONIDAE CHIROPTERA

Miniopterus ambohitrensis VESPERTILIONIDAE CHIROPTERA

Miniopterus gleni VESPERTILIONIDAE CHIROPTERA

Miniopterus sororculus VESPERTILIONIDAE CHIROPTERA

Miniopterus majori VESPERTILIONIDAE CHIROPTERA

Miniopterus petersoni VESPERTILIONIDAE CHIROPTERA

Miniopterus newtoni VESPERTILIONIDAE CHIROPTERA

Miniopterus manavi VESPERTILIONIDAE CHIROPTERA

Miniopterus aelleni VESPERTILIONIDAE CHIROPTERA

Miniopterus minor VESPERTILIONIDAE CHIROPTERA

Miniopterus fraterculus VESPERTILIONIDAE CHIROPTERA

Miniopterus robustior VESPERTILIONIDAE CHIROPTERA

Miniopterus mahafaliensis VESPERTILIONIDAE CHIROPTERA

Miniopterus paululus VESPERTILIONIDAE CHIROPTERA

Miniopterus griveaudi VESPERTILIONIDAE CHIROPTERA

Miniopterus natalensis VESPERTILIONIDAE CHIROPTERA

Miniopterus inflatus VESPERTILIONIDAE CHIROPTERA

Miniopterus egeri VESPERTILIONIDAE CHIROPTERA
Miniopterus brachytragos VESPERTILIONIDAE CHIROPTERA

Miniopterus mossambicus VESPERTILIONIDAE CHIROPTERA

Miniopterus schreibersii VESPERTILIONIDAE CHIROPTERA

Miniopterus fuscus VESPERTILIONIDAE CHIROPTERA

Miniopterus fuliginosus VESPERTILIONIDAE CHIROPTERA

Miniopterus magnater VESPERTILIONIDAE CHIROPTERA

Miniopterus australis VESPERTILIONIDAE CHIROPTERA

Miniopterus medius VESPERTILIONIDAE CHIROPTERA

Miniopterus macrocneme VESPERTILIONIDAE CHIROPTERA

Miniopterus pusillus VESPERTILIONIDAE CHIROPTERA

Miniopterus oceanensis VESPERTILIONIDAE CHIROPTERA

Miniopterus tris
tis VESPERTILIONIDAE CHIROPTERA

Miniopterus maghrebensis VESPERTILIONIDAE CHIROPTERA

Scoteanax rueppellii V
ESPERTILIONIDAE CHIROPTERA

Mimetillus moloneyi VESPERTILIONIDAE CHIROPTERA

Phoniscus jagorii V
ESPERTILIONIDAE CHIROPTERA

Phoniscus atrox VESPERTILIONIDAE CHIROPTERA

Phoniscus papuensis VESPERTILIONIDAE CHIROPTERA

Phoniscus aerosa VESPERTILIONIDAE CHIROPTERA

Cistugo seabrae VESPERTILIONIDAE CHIROPTERA

Cistugo lesueuri VESPERTILIONIDAE CHIROPTERA

Eudiscoderma thongareeae VESPERTILIONIDAE CHIROPTERA

Eudiscopus denticulus VESPERTILIONIDAE CHIROPTERA

Nycticeius humeralis VESPERTILIONIDAE CHIROPTERA

Nycticeius aenobarbus VESPERTILIONIDAE CHIROPTERA

Nycticeius cubanus VESPERTILIONIDAE CHIROPTERA

Scotophilus celebensis VESPERTILIONIDAE CHIROPTERA

Scotophilus collinus VESPERTILIONIDAE CHIROPTERA

Scotophilus kuhlii VESPERTILIONIDAE CHIROPTERA

Scotophilus viridis VESPERTILIONIDAE CHIROPTERAScotophilus nucella VESPERTILIONIDAE CHIROPTERA

Scotophilus leucogaster VESPERTILIONIDAE CHIROPTERA

Scotophilus heathii VESPERTILIONIDAE CHIROPTERA

Scotophilus marovaza VESPERTILIONIDAE CHIROPTERA

Scotophilus tandrefana VESPERTILIONIDAE CHIROPTERA

Scotophilus nigrita VESPERTILIONIDAE CHIROPTERA

Scotophilus robustus VESPERTILIONIDAE CHIROPTERA

Scotophilus livingstonii VESPERTILIONIDAE CHIROPTERA

Scotophilus borbonicus VESPERTILIONIDAE CHIROPTERA

Scotophilus ejetai VESPERTILIONIDAE CHIROPTERA

Scotophilus dinganii VESPERTILIONIDAE CHIROPTERA

Scotophilus andrewreborii VESPERTILIONIDAE CHIROPTERA

Scotophilus trujilloi VESPERTILIONIDAE CHIROPTERA

Scotophilus nux VESPERTILIONIDAE CHIROPTERA

Corynorhinus rafinesquii VESPERTILIONIDAE CHIROPTERA

Corynorhinus townsendii VESPERTILIONIDAE CHIROPTERA

Corynorhinus mexicanus VESPERTILIONIDAE CHIROPTERA

Euderma maculatum VESPERTILIONIDAE CHIROPTERAPlecotus balensis VESPERTILIONIDAE CHIROPTERA

Plecotus sacrimontis VESPERTILIONIDAE CHIROPTERA

Plecotus christii VESPERTILIONIDAE CHIROPTERA

Plecotus kolombatovici VESPERTILIONIDAE CHIROPTERA

Plecotus teneriffae VESPERTILIONIDAE CHIROPTERA

Plecotus austriacus VESPERTILIONIDAE CHIROPTERA

Idionycteris phyllotis VESPERTILIONIDAE CHIROPTERA

Plecotus auritus VESPERTILIONIDAE CHIROPTERA

Plecotus ognevi VESPERTILIONIDAE CHIROPTERA

Plecotus taivanus VESPERTILIONIDAE CHIROPTERA

Plecotus sardus VESPERTILIONIDAE CHIROPTERA

Plecotus macrobullaris VESPERTILIONIDAE CHIROPTERA

Barbastella leucomelas VESPERTILIONIDAE CHIROPTERA

Barbastella beijingensis VESPERTILIONIDAE CHIROPTERA

Barbastella barbastellus VESPERTILIONIDAE CHIROPTERA

Rhogeessa gracilis VESPERTILIONIDAE CHIROPTERA

Rhogeessa alleni VESPERTILIONIDAE CHIROPTERA
Rhogeessa mira VESPERTILIONIDAE CHIROPTERA

Rhogeessa hussoni VESPERTILIONIDAE CHIROPTERA

Rhogeessa parvula VESPERTILIONIDAE CHIROPTERA

Rhogeessa menchuae VESPERTILIONIDAE CHIROPTERA
Rhogeessa tumida VESPERTILIONIDAE CHIROPTERA

Rhogeessa minutilla VESPERTILIONIDAE CHIROPTERA
Rhogeessa aeneus VESPERTILIONIDAE CHIROPTERA

Rhogeessa bickhami VESPERTILIONIDAE CHIROPTERA

Rhogeessa io VESPERTILIONIDAE CHIROPTERA

Rhogeessa genowaysi VESPERTILIONIDAE CHIROPTERA

Bauerus dubiaquercus VESPERTILIONIDAE CHIROPTERA

Glauconycteris machadoi VESPERTILIONIDAE CHIROPTERA

Pipistrellus macrotis VESPERTILIONIDAE CHIROPTERA

Eptesicus kobayashii VESPERTILIONIDAE CHIROPTERA

Antrozous pallidus VESPERTILIONIDAE CHIROPTERA

Otonycteris hemprichii VESPERTILIONIDAE CHIROPTERA

Lasiurus egregius VESPERTILIONIDAE CHIROPTERA

Lasiurus cinereus VESPERTILIONIDAE CHIROPTERA

Lasiurus insularis VESPERTILIONIDAE CHIROPTERA
Lasiurus borealis VESPERTILIONIDAE CHIROPTERA

Lasiurus seminolus VESPERTILIONIDAE CHIROPTERA

Lasiurus minor VESPERTILIONIDAE CHIROPTERA

Lasiurus blossevillii VESPERTILIONIDAE CHIROPTERA

Lasiurus atratus VESPERTILIONIDAE CHIROPTERA

Lasiurus castaneus VESPERTILIONIDAE CHIROPTERA

Lasiurus varius VESPERTILIONIDAE CHIROPTERA

Lasiurus intermedius VESPERTILIONIDAE CHIROPTERALasiurus degelidus VESPERTILIONIDAE CHIROPTERA
Lasiurus ebenus VESPERTILIONIDAE CHIROPTERA

Lasiurus pfeifferi VESPERTILIONIDAE CHIROPTERA

Lasiurus xanthinus VESPERTILIONIDAE CHIROPTERA

Lasiurus ega VESPERTILIONIDAE CHIROPTERA

Parastrellus hesperus VESPERTILIONIDAE CHIROPTERA

Pipistrellus permixtus VESPERTILIONIDAE CHIROPTERA

Pipistrellus subflavus VESPERTILIONIDAE CHIROPTERA

Pipistrellus nanulus VESPERTILIONIDAE CHIROPTERA

Pipistrellus nathusii VESPERTILIONIDAE CHIROPTERA

Eptesicus guadeloupensis VESPERTILIONIDAE CHIROPTERA

Pipistrellus pygmaeus VESPERTILIONIDAE CHIROPTERA

Eptesicus japonensis VESPERTILIONIDAE CHIROPTERA

Pipistrellus hanaki VESPERTILIONIDAE CHIROPTERA

Eptesicus platyops VESPERTILIONIDAE CHIROPTERA

Pipistrellus pipistrellus VESPERTILIONIDAE CHIROPTERA

Hesperoptenus gaskelli VESPERTILIONIDAE CHIROPTERA

Pipistrellus hesperidus VESPERTILIONIDAE CHIROPTERA

Pipistrellus vordermanni VESPERTILIONIDAE CHIROPTERA

Pipistrellus musciculus VESPERTILIONIDAE CHIROPTERA

Pipistrellus kuhlii VESPERTILIONIDAE CHIROPTERA

Eptesicus andinus VESPERTILIONIDAE CHIROPTERA

Pipistrellus maderensis VESPERTILIONIDAE CHIROPTERA

Pipistrellus deserti VESPERTILIONIDAE CHIROPTERA

Pipistrellus coromandra VESPERTILIONIDAE CHIROPTERAPipistrellus tenuis VESPERTILIONIDAE CHIROPTERA

Pipistrellus collinus VESPERTILIONIDAE CHIROPTERA

Pipistrellus javanicus VESPERTILIONIDAE CHIROPTERA

Pipistrellus paterculus VESPERTILIONIDAE CHIROPTERA

Pipistrellus abramus VESPERTILIONIDAE CHIROPTERA

Pipistrellus ceylonicus VESPERTILIONIDAE CHIROPTERA

Pipistrellus stenopterus VESPERTILIONIDAE CHIROPTERA

Eptesicus floweri VESPERTILIONIDAE CHIROPTERA

Glischropus aquilus VESPERTILIONIDAE CHIROPTERA
Glischropus bucephalus VESPERTILIONIDAE CHIROPTERA

Glischropus tylopus VESPERTILIONIDAE CHIROPTERA

Glischropus javanus VESPERTILIONIDAE CHIROPTERA

Nyctalus plancyi VESPERTILIONIDAE CHIROPTERA
Nyctalus montanus VESPERTILIONIDAE CHIROPTERA

Nyctalus furvus VESPERTILIONIDAE CHIROPTERA

Nyctalus lasiopterus VESPERTILIONIDAE CHIROPTERA
Nyctalus aviator VESPERTILIONIDAE CHIROPTERA

Nyctalus noctula VESPERTILIONIDAE CHIROPTERA

Nyctalus leisleri VESPERTILIONIDAE CHIROPTERA

Nyctalus azoreum VESPERTILIONIDAE CHIROPTERA

Pipistrellus lophurus VESPERTILIONIDAE CHIROPTERA

Scotoecus hirundo VESPERTILIONIDAE CHIROPTERA

Scotoecus pallidus VESPERTILIONIDAE CHIROPTERA

Scotoecus albofuscus VESPERTILIONIDAE CHIROPTERA

Pipistrellus papuanus VESPERTILIONIDAE CHIROPTERA

Pipistrellus rueppellii VESPERTILIONIDAE CHIROPTERA

Vespertilio sinensis VESPERTILIONIDAE CHIROPTERA

Vespertilio murinus VESPERTILIONIDAE CHIROPTERA

Glauconycteris humeralis VESPERTILIONIDAE CHIROPTERA

Tylonycteris robustula VESPERTILIONIDAE CHIROPTERA
Tylonycteris pygmaeus VESPERTILIONIDAE CHIROPTERA

Tylonycteris pachypus VESPERTILIONIDAE CHIROPTERA

Arielulus societatis VESPERTILIONIDAE CHIROPTERA

Eptesicus dimissus VESPERTILIONIDAE CHIROPTERA

Glauconycteris superba VESPERTILIONIDAE CHIROPTERA

Philetor brachypterus VESPERTILIONIDAE CHIROPTERA

Pipistrellus anthonyi VESPERTILIONIDAE CHIROPTERA

Glauconycteris kenyacola VESPERTILIONIDAE CHIROPTERA

Pipistrellus crassulus VESPERTILIONIDAE CHIROPTERA

Pipistrellus eisentrauti VESPERTILIONIDAE CHIROPTERA

Arielulus torquatus VESPERTILIONIDAE CHIROPTERA

Nycticeinops schlieffeni VESPERTILIONIDAE CHIROPTERA

Pipistrellus imbricatus VESPERTILIONIDAE CHIROPTERA

Pipistrellus angulatus VESPERTILIONIDAE CHIROPTERA

Vespadelus douglasorum VESPERTILIONIDAE CHIROPTERA
Vespadelus troughtoni VESPERTILIONIDAE CHIROPTERAVespadelus pumilus VESPERTILIONIDAE CHIROPTERA

Vespadelus regulus VESPERTILIONIDAE CHIROPTERA

Vespadelus darlingtoni VESPERTILIONIDAE CHIROPTERA

Vespadelus baverstocki VESPERTILIONIDAE CHIROPTERA
Vespadelus caurinus VESPERTILIONIDAE CHIROPTERA

Vespadelus vulturnus VESPERTILIONIDAE CHIROPTERA

Vespadelus finlaysoni VESPERTILIONIDAE CHIROPTERA

Chalinolobus morio VESPERTILIONIDAE CHIROPTERA

Pipistrellus endoi VESPERTILIONIDAE CHIROPTERA

Chalinolobus gouldii VESPERTILIONIDAE CHIROPTERA

Pipistrellus inexspectatus VESPERTILIONIDAE CHIROPTERA

Neoromicia malagasyensis VESPERTILIONIDAE CHIROPTERANeoromicia robertsi VESPERTILIONIDAE CHIROPTERA

Neoromicia matroka VESPERTILIONIDAE CHIROPTERA

Neoromicia capensis VESPERTILIONIDAE CHIROPTERA

Laephotis namibensis VESPERTILIONIDAE CHIROPTERALaephotis angolensis VESPERTILIONIDAE CHIROPTERA

Laephotis wintoni VESPERTILIONIDAE CHIROPTERA

Laephotis botswanae VESPERTILIONIDAE CHIROPTERA

Hypsugo anchietae VESPERTILIONIDAE CHIROPTERA
Hypsugo lanzai VESPERTILIONIDAE CHIROPTERA

Hypsugo dolichodon VESPERTILIONIDAE CHIROPTERA

Hypsugo bemainty VESPERTILIONIDAE CHIROPTERA

Neoromicia flavescens VESPERTILIONIDAE CHIROPTERA

Neoromicia somalica VESPERTILIONIDAE CHIROPTERA

Neoromicia zuluensis VESPERTILIONIDAE CHIROPTERANeoromicia guineensis VESPERTILIONIDAE CHIROPTERA

Neoromicia roseveari VESPERTILIONIDAE CHIROPTERA

Neoromicia brunnea VESPERTILIONIDAE CHIROPTERA

Neoromicia rendalli VESPERTILIONIDAE CHIROPTERA

Neoromicia melckorum VESPERTILIONIDAE CHIROPTERA

Neoromicia tenuipinnis VESPERTILIONIDAE CHIROPTERA

Neoromicia nana VESPERTILIONIDAE CHIROPTERA

Neoromicia helios VESPERTILIONIDAE CHIROPTERA

Chalinolobus tuberculatus VESPERTILIONIDAE CHIROPTERA

Glauconycteris gleni VESPERTILIONIDAE CHIROPTERA

Chalinolobus nigrogriseus VESPERTILIONIDAE CHIROPTERAPipistrellus pulveratus VESPERTILIONIDAE CHIROPTERA

Falsistrellus mordax VESPERTILIONIDAE CHIROPTERAFalsistrellus mackenziei VESPERTILIONIDAE CHIROPTERA
Falsistrellus tasmaniensis VESPERTILIONIDAE CHIROPTERAFalsistrellus petersi VESPERTILIONIDAE CHIROPTERA

Falsistrellus affinis VESPERTILIONIDAE CHIROPTERA
Pipistrellus savii VESPERTILIONIDAE CHIROPTERA

Pipistrellus murrayi VESPERTILIONIDAE CHIROPTERA

Arielulus cuprosus VESPERTILIONIDAE CHIROPTERA

Pipistrellus alaschanicus VESPERTILIONIDAE CHIROPTERA

Nyctophilus timoriensis VESPERTILIONIDAE CHIROPTERA
Nyctophilus howensis VESPERTILIONIDAE CHIROPTERA

Nyctophilus corbeni VESPERTILIONIDAE CHIROPTERA

Nyctophilus microdon VESPERTILIONIDAE CHIROPTERA

Nyctophilus microtis VESPERTILIONIDAE CHIROPTERANyctophilus shirleyae VESPERTILIONIDAE CHIROPTERA

Nyctophilus geoffroyi VESPERTILIONIDAE CHIROPTERA
Nyctophilus heran VESPERTILIONIDAE CHIROPTERA

Nyctophilus nebulosus VESPERTILIONIDAE CHIROPTERA

Nyctophilus bifax VESPERTILIONIDAE CHIROPTERA

Nyctophilus walkeri VESPERTILIONIDAE CHIROPTERA

Nyctophilus sherrini VESPERTILIONIDAE CHIROPTERA

Nyctophilus gouldi VESPERTILIONIDAE CHIROPTERA

Nyctophilus arnhemensis VESPERTILIONIDAE CHIROPTERA

Pipistrellus cadornae VESPERTILIONIDAE CHIROPTERA

Pipistrellus ariel VESPERTILIONIDAE CHIROPTERA

Glauconycteris poensis VESPERTILIONIDAE CHIROPTERA

Glauconycteris beatrix VESPERTILIONIDAE CHIROPTERA

Hesperoptenus blanfordi VESPERTILIONIDAE CHIROPTERA

Pipistrellus arabicus VESPERTILIONIDAE CHIROPTERA

Eptesicus nasutus VESPERTILIONIDAE CHIROPTERA

Eptesicus chiriquinus VESPERTILIONIDAE CHIROPTERA

Glauconycteris alboguttata VESPERTILIONIDAE CHIROPTERA

Eptesicus diminutus VESPERTILIONIDAE CHIROPTERA

Eptesicus brasiliensis VESPERTILIONIDAE CHIROPTERA

Eptesicus furinalis VESPERTILIONIDAE CHIROPTERA

Pipistrellus rusticus VESPERTILIONIDAE CHIROPTERA

Chalinolobus picatus VESPERTILIONIDAE CHIROPTERA

Pipistrellus kitcheneri VESPERTILIONIDAE CHIROPTERA

Eptesicus fuscus VESPERTILIONIDAE CHIROPTERA

Hesperoptenus tickelli VESPERTILIONIDAE CHIROPTERA

Eptesicus isabellinus VESPERTILIONIDAE CHIROPTERA

Eptesicus hottentotus VESPERTILIONIDAE CHIROPTERA

Chalinolobus neocaledonicus VESPERTILIONIDAE CHIROPTERA

Histiotus alienus VESPERTILIONIDAE CHIROPTERA
Histiotus macrotus VESPERTILIONIDAE CHIROPTERA

Histiotus magellanicus VESPERTILIONIDAE CHIROPTERA

Histiotus velatus VESPERTILIONIDAE CHIROPTERAHistiotus montanus VESPERTILIONIDAE CHIROPTERA

Histiotus humboldti VESPERTILIONIDAE CHIROPTERA

Histiotus laephotis VESPERTILIONIDAE CHIROPTERA

Eptesicus lobatus VESPERTILIONIDAE CHIROPTERA

Chalinolobus dwyeri VESPERTILIONIDAE CHIROPTERA

Eptesicus gobiensis VESPERTILIONIDAE CHIROPTERA

Eptesicus bobrinskoi VESPERTILIONIDAE CHIROPTERA

Eptesicus serotinus VESPERTILIONIDAE CHIROPTERA

Eptesicus nilssonii VESPERTILIONIDAE CHIROPTERA

Pipistrellus westralis VESPERTILIONIDAE CHIROPTERA

Eptesicus bottae VESPERTILIONIDAE CHIROPTERA

Pipistrellus minahassae VESPERTILIONIDAE CHIROPTERA

Eptesicus pachyomus VESPERTILIONIDAE CHIROPTERA

Pipistrellus aero VESPERTILIONIDAE CHIROPTERA

Lasionycteris noctivagans VESPERTILIONIDAE CHIROPTERA
Ia io VESPERTILIONIDAE CHIROPTERA

Eptesicus pachyotis VESPERTILIONIDAE CHIROPTERA

Glauconycteris curryae VESPERTILIONIDAE CHIROPTERA

Pipistrellus adamsi VESPERTILIONIDAE CHIROPTERA

Pipistrellus joffrei VESPERTILIONIDAE CHIROPTERA

Scotomanes ornatus VESPERTILIONIDAE CHIROPTERAHesperoptenus tomesi VESPERTILIONIDAE CHIROPTERA

Eptesicus tatei VESPERTILIONIDAE CHIROPTERA

Pipistrellus sturdeei VESPERTILIONIDAE CHIROPTERA

Eptesicus innoxius VESPERTILIONIDAE CHIROPTERA

Arielulus circumdatus VESPERTILIONIDAE CHIROPTERA

Pipistrellus wattsi VESPERTILIONIDAE CHIROPTERA

Pipistrellus raceyi VESPERTILIONIDAE CHIROPTERA

Glauconycteris egeria VESPERTILIONIDAE CHIROPTERA

Glauconycteris argentata VESPERTILIONIDAE CHIROPTERA

Glauconycteris variegata VESPERTILIONIDAE CHIROPTERA

Hesperoptenus doriae VESPERTILIONIDAE CHIROPTERA

Arielulus aureocollaris VESPERTILIONIDAE CHIROPTERA

Kerivoula cuprosa VESPERTILIONIDAE CHIROPTERA

Kerivoula picta VESPERTILIONIDAE CHIROPTERA

Kerivoula myrella VESPERTILIONIDAE CHIROPTERA
Kerivoula smithii VESPERTILIONIDAE CHIROPTERA

Kerivoula lenis VESPERTILIONIDAE CHIROPTERA

Kerivoula papillosa VESPERTILIONIDAE CHIROPTERA

Kerivoula hardwickii VESPERTILIONIDAE CHIROPTERA

Kerivoula argentata VESPERTILIONIDAE CHIROPTERA

Kerivoula lanosa VESPERTILIONIDAE CHIROPTERA

Kerivoula titania VESPERTILIONIDAE CHIROPTERA

Kerivoula kachinensis VESPERTILIONIDAE CHIROPTERA

Kerivoula agnella VESPERTILIONIDAE CHIROPTERA
Kerivoula muscina VESPERTILIONIDAE CHIROPTERA

Kerivoula whiteheadi VESPERTILIONIDAE CHIROPTERA

Kerivoula krauensis VESPERTILIONIDAE CHIROPTERA

Kerivoula africana VESPERTILIONIDAE CHIROPTERA

Kerivoula minuta VESPERTILIONIDAE CHIROPTERA

Kerivoula flora VESPERTILIONIDAE CHIROPTERA

Kerivoula intermedia VESPERTILIONIDAE CHIROPTERA

Kerivoula eriophora VESPERTILIONIDAE CHIROPTERA

Kerivoula pellucida VESPERTILIONIDAE CHIROPTERA

Kerivoula phalaena VESPERTILIONIDAE CHIROPTERA

Harpiola isodon VESPERTILIONIDAE CHIROPTERA

Harpiola grisea VESPERTILIONIDAE CHIROPTERA

Murina ryukyuana VESPERTILIONIDAE CHIROPTERA

Murina ussuriensis VESPERTILIONIDAE CHIROPTERA

Murina huttoni VESPERTILIONIDAE CHIROPTERA

Murina tiensa VESPERTILIONIDAE CHIROPTERA

Murina harrisoni VESPERTILIONIDAE CHIROPTERA

Murina chrysochaetes VESPERTILIONIDAE CHIROPTERA

Murina harpioloides VESPERTILIONIDAE CHIROPTERA

Murina cyclotis VESPERTILIONIDAE CHIROPTERA

Murina fionae VESPERTILIONIDAE CHIROPTERA

Murina peninsularis VESPERTILIONIDAE CHIROPTERA

Murina fusca VESPERTILIONIDAE CHIROPTERA

Murina loreliae VESPERTILIONIDAE CHIROPTERA

Murina rozendaali VESPERTILIONIDAE CHIROPTERA
Murina guilleni VESPERTILIONIDAE CHIROPTERA

Murina jaintiana VESPERTILIONIDAE CHIROPTERA

Murina cineracea VESPERTILIONIDAE CHIROPTERA

Murina pluvialis VESPERTILIONIDAE CHIROPTERA

Murina tubinaris VESPERTILIONIDAE CHIROPTERA

Murina suilla VESPERTILIONIDAE CHIROPTERA

Murina florium VESPERTILIONIDAE CHIROPTERA

Murina beelzebub VESPERTILIONIDAE CHIROPTERA
Murina walstoni VESPERTILIONIDAE CHIROPTERA

Murina aenea VESPERTILIONIDAE CHIROPTERA

Murina annamitica VESPERTILIONIDAE CHIROPTERA

Murina eleryi VESPERTILIONIDAE CHIROPTERA

Murina balaensis VESPERTILIONIDAE CHIROPTERA

Murina gracilis VESPERTILIONIDAE CHIROPTERA

Murina recondita VESPERTILIONIDAE CHIROPTERA

Murina aurata VESPERTILIONIDAE CHIROPTERA
Murina tenebrosa VESPERTILIONIDAE CHIROPTERA

Murina hilgendorfi V
ESPERTILIONIDAE CHIROPTERA

Murina puta VESPERTILIONIDAE CHIROPTERA

Murina bicolor VESPERTILIONIDAE CHIROPTERA

Murina leucogaster VESPERTILIONIDAE CHIROPTERA

Murina shuipuensis VESPERTILIONIDAE CHIROPTERA

Scotozous dormeri VESPERTILIONIDAE CHIROPTERA

Harpiocephalus mordax VESPERTILIONIDAE CHIROPTERA

Harpiocephalus harpia VESPERTILIONIDAE CHIROPTERA

Myotis aurascens VESPERTILIONIDAE CHIROPTERA

Myotis nipalensis VESPERTILIONIDAE CHIROPTERA

Myotis ikonnikovi VESPERTILIONIDAE CHIROPTERA

Myotis findleyi VESPERTILIONIDAE CHIROPTERA

Myotis insularum VESPERTILIONIDAE CHIROPTERA

Myotis altarium VESPERTILIONIDAE CHIROPTERA

Myotis dasycneme VESPERTILIONIDAE CHIROPTERA

Myotis muricola VESPERTILIONIDAE CHIROPTERA

Myotis lavali VESPERTILIONIDAE CHIROPTERA

Myotis rufopictus VESPERTILIONIDAE CHIROPTERA

Myotis australis VESPERTILIONIDAE CHIROPTERA

Myotis pruinosus VESPERTILIONIDAE CHIROPTERA

Myotis yanbarensis VESPERTILIONIDAE CHIROPTERA

Myotis izecksohni VESPERTILIONIDAE CHIROPTERA

Myotis secundus VESPERTILIONIDAE CHIROPTERA

Myotis montivagus VESPERTILIONIDAE CHIROPTERA

Myotis annectans VESPERTILIONIDAE CHIROPTERA

Myotis gomantongensis VESPERTILIONIDAE CHIROPTERA

Myotis schaubi VESPERTILIONIDAE CHIROPTERA

Myotis escalerai VESPERTILIONIDAE CHIROPTERA

Myotis pequinius VESPERTILIONIDAE CHIROPTERA

Myotis bombinus VESPERTILIONIDAE CHIROPTERA

Myotis occultus VESPERTILIONIDAE CHIROPTERA

Myotis chinensis VESPERTILIONIDAE CHIROPTERA

Myotis nattereri VESPERTILIONIDAE CHIROPTERA

Myotis ater VESPERTILIONIDAE CHIROPTERA

Myotis punicus VESPERTILIONIDAE CHIROPTERA

Myotis hermani VESPERTILIONIDAE CHIROPTERA

Myotis myotis VESPERTILIONIDAE CHIROPTERA

Myotis blythii VESPERTILIONIDAE CHIROPTERA

Myotis bechsteinii VESPERTILIONIDAE CHIROPTERA

Myotis frater VESPERTILIONIDAE CHIROPTERA

Myotis sicarius VESPERTILIONIDAE CHIROPTERA

Myotis hajastanicus VESPERTILIONIDAE CHIROPTERA

Myotis handleyi VESPERTILIONIDAE CHIROPTERA

Myotis petax VESPERTILIONIDAE CHIROPTERA

Myotis macrodactylus VESPERTILIONIDAE CHIROPTERA

Myotis fimbriatus VESPERTILIONIDAE CHIROPTERA

Myotis pilosus VESPERTILIONIDAE CHIROPTERA

Myotis daubentonii VESPERTILIONIDAE CHIROPTERA

Myotis hasseltii VESPERTILIONIDAE CHIROPTERA

Myotis macrotarsus VESPERTILIONIDAE CHIROPTERA

Myotis csorbai VESPERTILIONIDAE CHIROPTERA

Myotis horsfieldii VESPERTILIONIDAE CHIROPTERA

Myotis macropus VESPERTILIONIDAE CHIROPTERA

Myotis adversus VESPERTILIONIDAE CHIROPTERA

Myotis rosseti VESPERTILIONIDAE CHIROPTERA

Myotis ridleyi VESPERTILIONIDAE CHIROPTERA

Myotis capaccinii VESPERTILIONIDAE CHIROPTERA

Myotis longipes VESPERTILIONIDAE CHIROPTERA

Myotis annamiticus VESPERTILIONIDAE CHIROPTERA

Myotis laniger VESPERTILIONIDAE CHIROPTERA

Myotis dieteri VESPERTILIONIDAE CHIROPTERA

Myotis phanluongi VESPERTILIONIDAE CHIROPTERA

Myotis siligorensis VESPERTILIONIDAE CHIROPTERA

Myotis davidii VESPERTILIONIDAE CHIROPTERA

Myotis anjouanensis VESPERTILIONIDAE CHIROPTERA

Myotis morrisi VESPERTILIONIDAE CHIROPTERA

Myotis goudoti VESPERTILIONIDAE CHIROPTERA

Myotis flavus VESPERTILIONIDAE CHIROPTERA

Myotis emarginatus VESPERTILIONIDAE CHIROPTERA

Myotis tricolor VESPERTILIONIDAE CHIROPTERA

Myotis peninsularis VESPERTILIONIDAE CHIROPTERA

Myotis scotti VESPERTILIONIDAE CHIROPTERA

Myotis bocagii VESPERTILIONIDAE CHIROPTERA

Myotis formosus VESPERTILIONIDAE CHIROPTERA

Myotis aelleni VESPERTILIONIDAE CHIROPTERA

Myotis welwitschii VESPERTILIONIDAE CHIROPTERA

Myotis mystacinus VESPERTILIONIDAE CHIROPTERA

Myotis alcathoe VESPERTILIONIDAE CHIROPTERA

Myotis simus VESPERTILIONIDAE CHIROPTERA

Myotis elegans VESPERTILIONIDAE CHIROPTERA

Myotis riparius VESPERTILIONIDAE CHIROPTERA

Myotis ruber VESPERTILIONIDAE CHIROPTERA

Myotis midastactus VESPERTILIONIDAE CHIROPTERA

Myotis keaysi VESPERTILIONIDAE CHIROPTERA

Myotis vivesi VESPERTILIONIDAE CHIROPTERA

Myotis nesopolus VESPERTILIONIDAE CHIROPTERA

Myotis martiniquensis VESPERTILIONIDAE CHIROPTERA

Myotis dominicensis VESPERTILIONIDAE CHIROPTERA

Myotis atacamensis VESPERTILIONIDAE CHIROPTERA

Myotis grisescens VESPERTILIONIDAE CHIROPTERA

Myotis austroriparius VESPERTILIONIDAE CHIROPTERA

Myotis yumanensis VESPERTILIONIDAE CHIROPTERA

Myotis velifer VESPERTILIONIDAE CHIROPTERA

Myotis fortidens VESPERTILIONIDAE CHIROPTERA

Myotis albescens VESPERTILIONIDAE CHIROPTERA

Myotis planiceps VESPERTILIONIDAE CHIROPTERA

Myotis chiloensis VESPERTILIONIDAE CHIROPTERA

Myotis moluccarum VESPERTILIONIDAE CHIROPTERA

Myotis nigricans VESPERTILIONIDAE CHIROPTERA

Myotis oxyotus VESPERTILIONIDAE CHIROPTERA

Myotis soror VESPERTILIONIDAE CHIROPTERA

Myotis levis VESPERTILIONIDAE CHIROPTERA

Myotis brandtii VESPERTILIONIDAE CHIROPTERA

Myotis sodalis VESPERTILIONIDAE CHIROPTERA

Myotis oreias VESPERTILIONIDAE CHIROPTERA

Myotis volans VESPERTILIONIDAE CHIROPTERA

Myotis auriculus VESPERTILIONIDAE CHIROPTERA

Myotis septentrionalis VESPERTILIONIDAE CHIROPTERA

Myotis cobanensis VESPERTILIONIDAE CHIROPTERA

Myotis diminutus VESPERTILIONIDAE CHIROPTERA

Myotis ciliolabrum VESPERTILIONIDAE CHIROPTERA
Myotis stalkeri VESPERTILIONIDAE CHIROPTERA

Myotis melanorhinus VESPERTILIONIDAE CHIROPTERA

Myotis leibii VESPERTILIONIDAE CHIROPTERA

Myotis californicus VESPERTILIONIDAE CHIROPTERA

Myotis bucharensis VESPERTILIONIDAE CHIROPTERA

Myotis lucifugus VESPERTILIONIDAE CHIROPTERA

Myotis dinellii VESPERTILIONIDAE CHIROPTERA

Myotis keenii VESPERTILIONIDAE CHIROPTERA

Myotis evotis VESPERTILIONIDAE CHIROPTERA

Myotis badius VESPERTILIONIDAE CHIROPTERA

Myotis thysanodes VESPERTILIONIDAE CHIROPTERA

Scotorepens orion VESPERTILIONIDAE CHIROPTERA

Scotorepens greyii VESPERTILIONIDAE CHIROPTERA

Scotorepens sanborni VESPERTILIONIDAE CHIROPTERA

Scotorepens balstoni VESPERTILIONIDAE CHIROPTERA

Pharotis imogene VESPERTILIONIDAE CHIROPTERA

Submyotodon latirostris VESPERTILIONIDAE CHIROPTERA

Nyct
eris 

macro
tis 

NYCTERIDAE CHIROPTERA

Nyct
eris 

gambiensis
 NYCTERIDAE CHIROPTERA

Nyct
eris 

grandis N
YCTERIDAE CHIROPTERA

Nyct
eris 

thebaica
 NYCTERIDAE CHIROPTERA

Nyct
eris 

major N
YCTERIDAE CHIROPTERA

Nyct
eris 

hisp
ida NYCTERIDAE CHIROPTERA

Nyct
eris 

aurita
 NYCTERIDAE CHIROPTERA

Nyct
eris 

arge NYCTERIDAE CHIROPTERA

Nyct
eris 

nana NYCTERIDAE CHIROPTERA

Nyct
eris 

interm
edia NYCTERIDAE CHIROPTERA

Nyct
eris 

woodi N
YCTERIDAE CHIROPTERA

Nyct
eris 

vin
soni N

YCTERIDAE CHIROPTERA

Nyct
eris 

parisi
i N

YCTERIDAE CHIROPTERA

Nyct
eris 

tra
gata NYCTERIDAE CHIROPTERA

Nyct
eris 

jav
anica

 NYCTERIDAE CHIROPTERA

Nyct
eris 

madagasca
riensis

 NYCTERIDAE CHIROPTERAEmballonura tia
vato EMBALLONURIDAE CHIROPTERA

Emballonura atrata EMBALLONURIDAE CHIROPTERA

Coleura se
ych

ellensis
 EMBALLONURIDAE CHIROPTERA

Coleura kib
omalandy E

MBALLONURIDAE CHIROPTERA

Coleura afra
 EMBALLONURIDAE CHIROPTERA

Emballonura se
mica

udata EMBALLONURIDAE CHIROPTERA

Emballonura raffra
yana EMBALLONURIDAE CHIROPTERA

Emballonura furax E
MBALLONURIDAE CHIROPTERA

Emballonura alecto
 EMBALLONURIDAE CHIROPTERA

Emballonura montico
la EMBALLONURIDAE CHIROPTERA

Emballonura dianae EMBALLONURIDAE CHIROPTERA

Emballonura se
rii E

MBALLONURIDAE CHIROPTERA

Emballonura becca
rii E

MBALLONURIDAE CHIROPTERA

Peropteryx
 leucoptera EMBALLONURIDAE CHIROPTERA

Peropteryx
 pallid

optera EMBALLONURIDAE CHIROPTERA

Peropteryx
 trin

itatis 
EMBALLONURIDAE CHIROPTERA

Peropteryx
 macro

tis 
EMBALLONURIDAE CHIROPTERA

Peropteryx
 ka

ppleri E
MBALLONURIDAE CHIROPTERA

Cormura brev
irostri

s E
MBALLONURIDAE CHIROPTERA

Diclid
urus is

abellus E
MBALLONURIDAE CHIROPTERA

Diclid
urus s

cutatus E
MBALLONURIDAE CHIROPTERA

Diclid
urus in

gens E
MBALLONURIDAE CHIROPTERA

Diclid
urus a

lbus E
MBALLONURIDAE CHIROPTERA

Mosia
 nigresce

ns E
MBALLONURIDAE CHIROPTERA

Cytta
rops a

lecto
 EMBALLONURIDAE CHIROPTERA

Balantiopteryx
 plica

ta EMBALLONURIDAE CHIROPTERA

Balantiopteryx
 io EMBALLONURIDAE CHIROPTERA

Balantiopteryx
 infusca

 EMBALLONURIDAE CHIROPTERA

Sacco
pteryx

 bilin
eata EMBALLONURIDAE CHIROPTERA

Sacco
pteryx

 leptura EMBALLONURIDAE CHIROPTERA

Sacco
pteryx

 ca
nesce

ns E
MBALLONURIDAE CHIROPTERA

Sacco
pteryx

 gym
nura EMBALLONURIDAE CHIROPTERA

Sacco
pteryx

 antioquensis
 EMBALLONURIDAE CHIROPTERA

Centronyct
eris 

maxim
ilia

ni EMBALLONURIDAE CHIROPTERA

Centronyct
eris 

centralis 
EMBALLONURIDAE CHIROPTERA

Rhyn
chonyct

eris 
naso EMBALLONURIDAE CHIROPTERA

Sacco
laimus fl

avi
ventris

 EMBALLONURIDAE CHIROPTERA

Sacco
laimus s

acco
laimus E

MBALLONURIDAE CHIROPTERA

Sacco
laimus p

eli E
MBALLONURIDAE CHIROPTERA

Sacco
laimus m

ixtu
s E

MBALLONURIDAE CHIROPTERA

Taphozous h
illi 

EMBALLONURIDAE CHIROPTERA

Taphozous lo
ngimanus E

MBALLONURIDAE CHIROPTERA

Taphozous a
ustra

lis 
EMBALLONURIDAE CHIROPTERA

Taphozous tr
oughtoni E

MBALLONURIDAE CHIROPTERA

Taphozous m
auritia

nus E
MBALLONURIDAE CHIROPTERA

Taphozous g
eorgianus E

MBALLONURIDAE CHIROPTERA

Taphozous h
amilto

ni E
MBALLONURIDAE CHIROPTERA

Taphozous th
eobaldi E

MBALLONURIDAE CHIROPTERA

Taphozous n
udive

ntris
 EMBALLONURIDAE CHIROPTERA

Taphozous k
apalgensis

 EMBALLONURIDAE CHIROPTERA

Taphozous p
erforatus E

MBALLONURIDAE CHIROPTERA

Taphozous a
chates E

MBALLONURIDAE CHIROPTERA

Taphozous m
elanopogon EMBALLONURIDAE CHIROPTERA

Taphozous h
ildegardeae EMBALLONURIDAE CHIROPTERA

Galeopterus variegatus CYNOCEPHALIDAE DERMOPTERA
Cynocephalus volans CYNOCEPHALIDAE DERMOPTERA

Ptilocercus lowii PTILOCERCIDAE SCANDENTIA
Dendrogale murina TUPAIIDAE SCANDENTIA

Tupaia montana TUPAIIDAE SCANDENTIA

Tupaia gracilis TUPAIIDAE SCANDENTIA

Tupaia dorsalis TUPAIIDAE SCANDENTIA

Tupaia tana TUPAIIDAE SCANDENTIATupaia splendidula TUPAIIDAE SCANDENTIATupaia palawanensis TUPAIIDAE SCANDENTIA

Tupaia javanica TUPAIIDAE SCANDENTIA

Tupaia minor TUPAIIDAE SCANDENTIA

Urogale everetti TUPAIIDAE SCANDENTIA
Tupaia moellendorffi TUPAIIDAE SCANDENTIA

Tupaia picta TUPAIIDAE SCANDENTIA

Tupaia longipes TUPAIIDAE SCANDENTIA

Tupaia chrysogaster TUPAIIDAE SCANDENTIA

Tupaia glis TUPAIIDAE SCANDENTIA

Tupaia nicobarica TUPAIIDAE SCANDENTIA

Tupaia belangeri TUPAIIDAE SCANDENTIA
Dendrogale melanura TUPAIIDAE SCANDENTIA

Anathana ellioti TUPAIIDAE SCANDENTIA

Nycticebus pygmaeus LORISIDAE PRIMATES
Nycticebus menagensis LORISIDAE PRIMATES

Nycticebus kayan LORISIDAE PRIMATES

Nycticebus bengalensis LORISIDAE PRIMATESNycticebus coucang LORISIDAE PRIMATESNycticebus javanicus LORISIDAE PRIMATES

Loris tardigradus LORISIDAE PRIMATESLoris lydekkerianus LORISIDAE PRIMATES

Galagoides demidovii GALAGIDAE PRIMATES
Galagoides thomasi GALAGIDAE PRIMATES

Galagoides orinus GALAGIDAE PRIMATES

Galago matschiei GALAGIDAE PRIMATES
Galago moholi GALAGIDAE PRIMATES

Galago senegalensis GALAGIDAE PRIMATESGalago gallarum GALAGIDAE PRIMATES

Otolemur garnettii GALAGIDAE PRIMATESOtolemur crassicaudatus GALAGIDAE PRIMATES

Galagoides nyasae GALAGIDAE PRIMATES

Sciurocheirus alleni GALAGIDAE PRIMATESSciurocheirus makandensis GALAGIDAE PRIMATES

Sciurocheirus gabonensis GALAGIDAE PRIMATES
Galagoides rondoensis GALAGIDAE PRIMATES

Galagoides granti GALAGIDAE PRIMATES

Galagoides zanzibaricus GALAGIDAE PRIMATES
Galagoides cocos GALAGIDAE PRIMATES

Euoticus pallidus GALAGIDAE PRIMATESEuoticus elegantulus GALAGIDAE PRIMATES

Perodicticus potto LORISIDAE PRIMATES

Arctocebus calabarensis LORISIDAE PRIMATESArctocebus aureus LORISIDAE PRIMATES

Daubentonia madagascariensis DAUBENTONIIDAE PRIMATES

Indri indri INDRIIDAE PRIMATES

Propithecus coronatus INDRIIDAE PRIMATESPropithecus diadema INDRIIDAE PRIMATESPropithecus edwardsi INDRIIDAE PRIMATES

Propithecus perrieri INDRIIDAE PRIMATES

Propithecus tattersalli INDRIIDAE PRIMATES

Propithecus coquereli INDRIIDAE PRIMATES

Propithecus candidus INDRIIDAE PRIMATESPropithecus deckenii INDRIIDAE PRIMATES

Propithecus verreauxi INDRIIDAE PRIMATES

Avahi betsileo INDRIIDAE PRIMATES

Avahi occidentalis INDRIIDAE PRIMATES
Avahi cleesei INDRIIDAE PRIMATES

Avahi mooreorum INDRIIDAE PRIMATES

Avahi unicolor INDRIIDAE PRIMATES

Avahi laniger INDRIIDAE PRIMATESAvahi ramanantsoavanai INDRIIDAE PRIMATES

Avahi meridionalis INDRIIDAE PRIMATES

Avahi peyrierasi INDRIIDAE PRIMATES

Palaeopropithecus ingens PALAEOPROPITHECIDAE PRIMATES

Archaeolemur majori Archaeolemuridae PRIMATESArchaeolemur edwardsi Archaeolemuridae PRIMATES

Megaladapis edwardsi Megaladapidae PRIMATES

Varecia variegata LEMURIDAE PRIMATESVarecia rubra LEMURIDAE PRIMATES

Lemur catta LEMURIDAE PRIMATES

Prolemur simus LEMURIDAE PRIMATES

Hapalemur aureus LEMURIDAE PRIMATES

Hapalemur meridionalis LEMURIDAE PRIMATES

Hapalemur occidentalis LEMURIDAE PRIMATES
Hapalemur alaotrensis LEMURIDAE PRIMATESHapalemur griseus LEMURIDAE PRIMATES

Eulemur macaco LEMURIDAE PRIMATESEulemur flavifrons LEMURIDAE PRIMATES

Eulemur coronatus LEMURIDAE PRIMATES

Eulemur rubriventer LEMURIDAE PRIMATES
Eulemur mongoz LEMURIDAE PRIMATES

Eulemur collaris LEMURIDAE PRIMATES
Eulemur cinereiceps LEMURIDAE PRIMATES

Eulemur rufus LEMURIDAE PRIMATES

Eulemur rufifrons LEMURIDAE PRIMATES

Eulemur fulvus LEMURIDAE PRIMATES

Eulemur sanfordi LEMURIDAE PRIMATES
Eulemur albifrons LEMURIDAE PRIMATES

Phaner parienti CHEIROGALEIDAE PRIMATES

Phaner pallescens CHEIROGALEIDAE PRIMATES

Phaner electromontis CHEIROGALEIDAE PRIMATES
Phaner furcifer CHEIROGALEIDAE PRIMATES

Lepilemur betsileo LEPILEMURIDAE PRIMATES

Lepilemur petteri LEPILEMURIDAE PRIMATES

Lepilemur microdon LEPILEMURIDAE PRIMATES

Lepilemur hollandorum LEPILEMURIDAE PRIMATES

Lepilemur wrightae LEPILEMURIDAE PRIMATES

Lepilemur edwardsi LEPILEMURIDAE PRIMATES

Lepilemur milanoii LEPILEMURIDAE PRIMATES

Lepilemur grewcockorum LEPILEMURIDAE PRIMATES

Lepilemur otto LEPILEMURIDAE PRIMATES

Lepilemur septentrionalis LEPILEMURIDAE PRIMATES

Lepilemur mittermeieri LEPILEMURIDAE PRIMATES
Lepilemur scottorum LEPILEMURIDAE PRIMATES

Lepilemur ahmansonorum LEPILEMURIDAE PRIMATES

Lepilemur sahamalazensis LEPILEMURIDAE PRIMATES

Lepilemur ankaranensis LEPILEMURIDAE PRIMATES
Lepilemur dorsalis LEPILEMURIDAE PRIMATES

Lepilemur tymerlachsoni LEPILEMURIDAE PRIMATES

Lepilemur randrianasoloi LEPILEMURIDAE PRIMATES

Lepilemur fleuretae LEPILEMURIDAE PRIMATESLepilemur aeeclis LEPILEMURIDAE PRIMATESLepilemur hubbardorum LEPILEMURIDAE PRIMATES

Lepilemur ruficaudatus LEPILEMURIDAE PRIMATESLepilemur leucopus LEPILEMURIDAE PRIMATES
Lepilemur jamesorum LEPILEMURIDAE PRIMATES

Lepilemur seali LEPILEMURIDAE PRIMATES

Lepilemur mustelinus LEPILEMURIDAE PRIMATES

Cheirogaleus medius CHEIROGALEIDAE PRIMATES

Cheirogaleus major CHEIROGALEIDAE PRIMATES

Cheirogaleus minusculus CHEIROGALEIDAE PRIMATES
Cheirogaleus crossleyi CHEIROGALEIDAE PRIMATES

Cheirogaleus lavasoensis CHEIROGALEIDAE PRIMATESCheirogaleus sibreei CHEIROGALEIDAE PRIMATES

Mirza zaza CHEIROGALEIDAE PRIMATES
Mirza coquereli CHEIROGALEIDAE PRIMATES

Microcebus macarthurii CHEIROGALEIDAE PRIMATES

Microcebus ravelobensis CHEIROGALEIDAE PRIMATES

Microcebus danfossi CHEIROGALEIDAE PRIMATES

Microcebus bongolavensis CHEIROGALEIDAE PRIMATES

Microcebus sambiranensis CHEIROGALEIDAE PRIMATES

Microcebus tanosi CHEIROGALEIDAE PRIMATESMicrocebus arnholdi CHEIROGALEIDAE PRIMATES

Microcebus tavaratra CHEIROGALEIDAE PRIMATES

Microcebus margotmarshae CHEIROGALEIDAE PRIMATES

Microcebus mittermeieri CHEIROGALEIDAE PRIMATES

Microcebus gerpi CHEIROGALEIDAE PRIMATES

Microcebus marohita CHEIROGALEIDAE PRIMATES

Microcebus jollyae CHEIROGALEIDAE PRIMATES

Microcebus berthae CHEIROGALEIDAE PRIMATES

Microcebus myoxinus CHEIROGALEIDAE PRIMATES

Microcebus lehilahytsara CHEIROGALEIDAE PRIMATES

Microcebus rufus CHEIROGALEIDAE PRIMATES

Microcebus simmonsi CHEIROGALEIDAE PRIMATES

Microcebus mamiratra CHEIROGALEIDAE PRIMATES

Microcebus murinus CHEIROGALEIDAE PRIMATES
Microcebus griseorufus CHEIROGALEIDAE PRIMATES

Allocebus trichotis CHEIROGALEIDAE PRIMATES

Tarsius tumpara TARSIIDAE PRIMATES

Tarsius pelengensis TARSIIDAE PRIMATES

Tarsius syrichta TARSIIDAE PRIMATES

Tarsius bancanus TARSIIDAE PRIMATES

Tarsius tarsier TARSIIDAE PRIMATES

Tarsius lariang TARSIIDAE PRIMATES

Tarsius sangirensis TARSIIDAE PRIMATESTarsius dentatus TARSIIDAE PRIMATES

Tarsius wallacei TARSIIDAE PRIMATES

Tarsius pumilus TARSIIDAE PRIMATES

Callicebus medemi PITHECIIDAE PRIMATES

Callicebus modestus PITHECIIDAE PRIMATES

Callicebus cupreus PITHECIIDAE PRIMATES

Callicebus oenanthe PITHECIIDAE PRIMATES

Callicebus aureipalatii PITHECIIDAE PRIMATES

Callicebus moloch PITHECIIDAE PRIMATES

Callicebus barbarabrownae PITHECIIDAE PRIMATES

Callicebus hoffmannsi PITHECIIDAE PRIMATES

Callicebus miltoni PITHECIIDAE PRIMATES

Callicebus regulus PITHECIIDAE PRIMATES

Callicebus donacophilus PITHECIIDAE PRIMATES

Callicebus caligatus PITHECIIDAE PRIMATES

Callicebus olallae PITHECIIDAE PRIMATES

Callicebus nigrifrons PITHECIIDAE PRIMATES

Callicebus stephennashi PITHECIIDAE PRIMATES

Callicebus lucifer PITHECIIDAE PRIMATES

Callicebus personatus PITHECIIDAE PRIMATES

Callicebus coimbrai PITHECIIDAE PRIMATES

Callicebus urubambensis PITHECIIDAE PRIMATES

Callicebus caquetensis PITHECIIDAE PRIMATES

Callicebus vieirai PITHECIIDAE PRIMATES

Callicebus dubius PITHECIIDAE PRIMATES

Callicebus discolor PITHECIIDAE PRIMATESCallicebus bernhardi PITHECIIDAE PRIMATES

Callicebus brunneus PITHECIIDAE PRIMATES

Callicebus pallescens PITHECIIDAE PRIMATES

Callicebus cinerascens PITHECIIDAE PRIMATES

Callicebus ornatus PITHECIIDAE PRIMATES

Callicebus baptista PITHECIIDAE PRIMATES
Callicebus lugens PITHECIIDAE PRIMATES

Callicebus melanochir PITHECIIDAE PRIMATES

Callicebus torquatus PITHECIIDAE PRIMATES

Callicebus purinus PITHECIIDAE PRIMATES
Pithecia rylandsi PITHECIIDAE PRIMATES

Pithecia mittermeieri PITHECIIDAE PRIMATES

Pithecia albicans PITHECIIDAE PRIMATES
Pithecia milleri PITHECIIDAE PRIMATES

Pithecia insuta PITHECIIDAE PRIMATES

Pithecia aequatorialis PITHECIIDAE PRIMATES

Pithecia monachus PITHECIIDAE PRIMATES

Pithecia irrorata PITHECIIDAE PRIMATES
Pithecia cazuzai PITHECIIDAE PRIMATES

Pithecia isabela PITHECIIDAE PRIMATES

Pithecia pissinattii PITHECIIDAE PRIMATES

Pithecia hirsuta PITHECIIDAE PRIMATES

Pithecia vanzolinii PITHECIIDAE PRIMATES

Pithecia chrysocephala PITHECIIDAE PRIMATES

Pithecia pithecia PITHECIIDAE PRIMATES

Pithecia napensis PITHECIIDAE PRIMATES

Chiropotes chiropotes PITHECIIDAE PRIMATES

Chiropotes utahickae PITHECIIDAE PRIMATES

Chiropotes albinasus PITHECIIDAE PRIMATES

Chiropotes satanas PITHECIIDAE PRIMATES

Cacajao calvus PITHECIIDAE PRIMATES

Cacajao melanocephalus PITHECIIDAE PRIMATES

Cacajao hosomi PITHECIIDAE PRIMATES

Cacajao ayresi PITHECIIDAE PRIMATES

Xenothrix mcgregori PITHECIIDAE PRIMATES

Callithrix aurita CALLITRICHIDAE PRIMATES

Callithrix kuhlii CALLITRICHIDAE PRIMATES

Mico marcai CALLITRICHIDAE PRIMATES

Mico manicorensis CALLITRICHIDAE PRIMATES

Mico rondoni CALLITRICHIDAE PRIMATES

Mico acariensis CALLITRICHIDAE PRIMATES

Mico leucippe CALLITRICHIDAE PRIMATESMico chrysoleucus CALLITRICHIDAE PRIMATES

Mico mauesi CALLITRICHIDAE PRIMATES

Mico argentatus CALLITRICHIDAE PRIMATES

Callithrix flaviceps CALLITRICHIDAE PRIMATES
Mico humeralifer CALLITRICHIDAE PRIMATES

Callithrix penicillata CALLITRICHIDAE PRIMATES

Mico saterei CALLITRICHIDAE PRIMATES

Mico nigriceps CALLITRICHIDAE PRIMATES

Mico emiliae CALLITRICHIDAE PRIMATES

Mico intermedius CALLITRICHIDAE PRIMATES

Callithrix jacchus CALLITRICHIDAE PRIMATES

Callithrix geoffroyi CALLITRICHIDAE PRIMATES

Mico melanurus CALLITRICHIDAE PRIMATES

Cebuella pygmaea CALLITRICHIDAE PRIMATES
Callimico goeldii CALLITRICHIDAE PRIMATES

Leontopithecus chrysomelas CALLITRICHIDAE PRIMATES

Leontopithecus caissara CALLITRICHIDAE PRIMATES

Leontopithecus rosalia CALLITRICHIDAE PRIMATES

Leontopithecus chrysopygus CALLITRICHIDAE PRIMATES

Callibella humilis CALLITRICHIDAE PRIMATES
Saguinus mystax CALLITRICHIDAE PRIMATES

Saguinus labiatus CALLITRICHIDAE PRIMATES

Saguinus inustus CALLITRICHIDAE PRIMATES

Saguinus imperator CALLITRICHIDAE PRIMATES

Saguinus niger CALLITRICHIDAE PRIMATES

Saguinus midas CALLITRICHIDAE PRIMATES

Saguinus oedipus CALLITRICHIDAE PRIMATES

Saguinus geoffroyi CALLITRICHIDAE PRIMATES

Saguinus martinsi CALLITRICHIDAE PRIMATES

Saguinus bicolor CALLITRICHIDAE PRIMATES

Saguinus leucopus CALLITRICHIDAE PRIMATES
Leontocebus nigricollis CALLITRICHIDAE PRIMATES

Leontocebus tripartitus CALLITRICHIDAE PRIMATES

Leontocebus lagonotus CALLITRICHIDAE PRIMATES

Leontocebus leucogenys CALLITRICHIDAE PRIMATES

Leontocebus illigeri CALLITRICHIDAE PRIMATES

Leontocebus nigrifrons CALLITRICHIDAE PRIMATES

Leontocebus fuscicollis CALLITRICHIDAE PRIMATES

Leontocebus weddelli CALLITRICHIDAE PRIMATES

Leontocebus cruzlimai CALLITRICHIDAE PRIMATES

Saimiri ustus CEBIDAE PRIMATES

Saimiri vanzolinii CEBIDAE PRIMATES

Saimiri sciureus CEBIDAE PRIMATES

Saimiri oerstedii CEBIDAE PRIMATES

Saimiri boliviensis CEBIDAE PRIMATES

Sapajus xanthosternos CEBIDAE PRIMATES

Sapajus nigritus CEBIDAE PRIMATES

Sapajus cay CEBIDAE PRIMATES

Sapajus flavius CEBIDAE PRIMATES

Sapajus macrocephalus CEBIDAE PRIMATES

Sapajus libidinosus CEBIDAE PRIMATES

Sapajus apella CEBIDAE PRIMATES

Sapajus robustus CEBIDAE PRIMATES
Cebus albifrons CEBIDAE PRIMATES

Cebus kaapori CEBIDAE PRIMATES

Cebus olivaceus CEBIDAE PRIMATES

Cebus capucinus CEBIDAE PRIMATES

Aotus griseimembra AOTIDAE PRIMATES

Aotus lemurinus AOTIDAE PRIMATES

Aotus nancymaae AOTIDAE PRIMATES

Aotus miconax AOTIDAE PRIMATES

Aotus vociferans AOTIDAE PRIMATES

Aotus trivirgatus AOTIDAE PRIMATES

Aotus azarae AOTIDAE PRIMATES

Aotus jorgehernandezi AOTIDAE PRIMATES

Aotus nigriceps AOTIDAE PRIMATES

Aotus zonalis AOTIDAE PRIMATES

Aotus brumbacki AOTIDAE PRIMATES

Ateles geoffroyi ATELIDAE PRIMATES

Ateles fusciceps ATELIDAE PRIMATES

Ateles paniscus ATELIDAE PRIMATES

Ateles hybridus ATELIDAE PRIMATES

Ateles chamek ATELIDAE PRIMATES

Ateles marginatus ATELIDAE PRIMATES

Ateles belzebuth ATELIDAE PRIMATES
Brachyteles hypoxanthus ATELIDAE PRIMATES

Brachyteles arachnoides ATELIDAE PRIMATES

Lagothrix cana ATELIDAE PRIMATES

Lagothrix poeppigii ATELIDAE PRIMATES

Lagothrix lugens ATELIDAE PRIMATES

Lagothrix lagotricha ATELIDAE PRIMATES

Oreonax flavicauda ATELIDAE PRIMATES

Alouatta pigra ATELIDAE PRIMATES

Alouatta palliata ATELIDAE PRIMATES
Alouatta juara ATELIDAE PRIMATES

Alouatta guariba ATELIDAE PRIMATES

Alouatta belzebul ATELIDAE PRIMATES

Alouatta nigerrima ATELIDAE PRIMATES

Alouatta caraya ATELIDAE PRIMATES

Alouatta arctoidea ATELIDAE PRIMATES

Alouatta ululata ATELIDAE PRIMATES

Alouatta sara ATELIDAE PRIMATES

Alouatta discolor ATELIDAE PRIMATES

Alouatta macconnelli ATELIDAE PRIMATES

Alouatta seniculus ATELIDAE PRIMATES

Alouatta puruensis ATELIDAE PRIMATES

Symphalangus syndactylus HYLOBATIDAE PRIMATES

Hylobates pileatus HYLOBATIDAE PRIMATES

Hylobates lar HYLOBATIDAE PRIMATES

Hylobates muelleri HYLOBATIDAE PRIMATES

Hylobates moloch HYLOBATIDAE PRIMATES

Hylobates klossii HYLOBATIDAE PRIMATES

Hylobates albibarbis HYLOBATIDAE PRIMATES

Hylobates agilis HYLOBATIDAE PRIMATES

Nomascus annamensis HYLOBATIDAE PRIMATES

Nomascus nasutus HYLOBATIDAE PRIMATES

Nomascus hainanus HYLOBATIDAE PRIMATES

Nomascus leucogenys HYLOBATIDAE PRIMATES

Nomascus siki HYLOBATIDAE PRIMATES

Nomascus gabriellae HYLOBATIDAE PRIMATES

Nomascus concolor HYLOBATIDAE PRIMATES
Hoolock leuconedys HYLOBATIDAE PRIMATES

Hoolock hoolock HYLOBATIDAE PRIMATES

Pongo pygmaeus HOMINIDAE PRIMATES

Pongo abelii HOMINIDAE PRIMATES

Pan troglodytes HOMINIDAE PRIMATES

Pan paniscus HOMINIDAE PRIMATES

Homo sapiens HOMINIDAE PRIMATES

Homo neanderthalensis HOMINIDAE PRIMATES

Homo heidelbergensis HOMINIDAE PRIMATES

Homo denisova HOMINIDAE PRIMATES
Gorilla gorilla HOMINIDAE PRIMATES

Gorilla beringei HOMINIDAE PRIMATES

Trachypithecus germaini CERCOPITHECIDAE PRIMATES

Trachypithecus auratus CERCOPITHECIDAE PRIMATES

Trachypithecus cristatus CERCOPITHECIDAE PRIMATES

Trachypithecus phayrei CERCOPITHECIDAE PRIMATES
Semnopithecus ajax CERCOPITHECIDAE PRIMATES

Trachypithecus barbei CERCOPITHECIDAE PRIMATES

Trachypithecus obscurus CERCOPITHECIDAE PRIMATES

Semnopithecus dussumieri CERCOPITHECIDAE PRIMATES

Trachypithecus francoisi CERCOPITHECIDAE PRIMATES

Semnopithecus schistaceus CERCOPITHECIDAE PRIMATES

Trachypithecus poliocephalus CERCOPITHECIDAE PRIMATES

Trachypithecus delacouri CERCOPITHECIDAE PRIMATES

Trachypithecus laotum CERCOPITHECIDAE PRIMATES

Trachypithecus hatinhensis CERCOPITHECIDAE PRIMATES

Trachypithecus pileatus CERCOPITHECIDAE PRIMATES

Trachypithecus shortridgei CERCOPITHECIDAE PRIMATES

Semnopithecus entellus CERCOPITHECIDAE PRIMATES

Semnopithecus hypoleucos CERCOPITHECIDAE PRIMATES

Semnopithecus priam CERCOPITHECIDAE PRIMATES

Trachypithecus johnii CERCOPITHECIDAE PRIMATES

Semnopithecus hector CERCOPITHECIDAE PRIMATES

Trachypithecus vetulus CERCOPITHECIDAE PRIMATES

Trachypithecus geei CERCOPITHECIDAE PRIMATES

Presbytis thomasi CERCOPITHECIDAE PRIMATES

Presbytis frontata CERCOPITHECIDAE PRIMATES

Presbytis chrysomelas CERCOPITHECIDAE PRIMATES

Presbytis natunae CERCOPITHECIDAE PRIMATES
Presbytis potenziani CERCOPITHECIDAE PRIMATES

Presbytis hosei CERCOPITHECIDAE PRIMATES

Presbytis siamensis CERCOPITHECIDAE PRIMATES

Presbytis rubicunda CERCOPITHECIDAE PRIMATES
Presbytis femoralis CERCOPITHECIDAE PRIMATES

Presbytis comata CERCOPITHECIDAE PRIMATES

Presbytis melalophos CERCOPITHECIDAE PRIMATES

Rhinopithecus strykeri CERCOPITHECIDAE PRIMATES

Rhinopithecus bieti CERCOPITHECIDAE PRIMATES

Rhinopithecus roxellana CERCOPITHECIDAE PRIMATES

Rhinopithecus brelichi CERCOPITHECIDAE PRIMATES

Rhinopithecus avunculus CERCOPITHECIDAE PRIMATES

Pygathrix nigripes CERCOPITHECIDAE PRIMATES

Pygathrix nemaeus CERCOPITHECIDAE PRIMATES

Pygathrix cinerea CERCOPITHECIDAE PRIMATES

Simias concolor CERCOPITHECIDAE PRIMATES

Nasalis larvatus CERCOPITHECIDAE PRIMATES

Procolobus gordonorum CERCOPITHECIDAE PRIMATES

Procolobus kirkii CERCOPITHECIDAE PRIMATES

Procolobus rufomitratus CERCOPITHECIDAE PRIMATES

Procolobus pennantii CERCOPITHECIDAE PRIMATES
Procolobus verus CERCOPITHECIDAE PRIMATES

Procolobus preussi CERCOPITHECIDAE PRIMATES

Procolobus badius CERCOPITHECIDAE PRIMATES
Colobus angolensis CERCOPITHECIDAE PRIMATES

Colobus vellerosus CERCOPITHECIDAE PRIMATES

Colobus satanas CERCOPITHECIDAE PRIMATES

Colobus guereza CERCOPITHECIDAE PRIMATES

Colobus polykomos CERCOPITHECIDAE PRIMATES

Macaca sylvanus CERCOPITHECIDAE PRIMATES

Macaca sinica CERCOPITHECIDAE PRIMATESMacaca nigrescens CERCOPITHECIDAE PRIMATES

Macaca tonkeana CERCOPITHECIDAE PRIMATES

Macaca hecki CERCOPITHECIDAE PRIMATES

Macaca maura CERCOPITHECIDAE PRIMATES

Macaca ochreata CERCOPITHECIDAE PRIMATES

Macaca siberu CERCOPITHECIDAE PRIMATES

Macaca silenus CERCOPITHECIDAE PRIMATES

Macaca pagensis CERCOPITHECIDAE PRIMATES

Macaca nemestrina CERCOPITHECIDAE PRIMATES

Macaca leonina CERCOPITHECIDAE PRIMATES

Macaca munzala CERCOPITHECIDAE PRIMATES

Macaca radiata CERCOPITHECIDAE PRIMATES

Macaca assamensis CERCOPITHECIDAE PRIMATES

Macaca thibetana CERCOPITHECIDAE PRIMATES

Macaca mulatta CERCOPITHECIDAE PRIMATES

Macaca fuscata CERCOPITHECIDAE PRIMATES

Macaca nigra CERCOPITHECIDAE PRIMATES

Macaca cyclopis CERCOPITHECIDAE PRIMATES

Macaca arctoides CERCOPITHECIDAE PRIMATES

Macaca leucogenys CERCOPITHECIDAE PRIMATES

Macaca fascicularis CERCOPITHECIDAE PRIMATES

Lophocebus aterrimus CERCOPITHECIDAE PRIMATES

Cercocebus sanjei CERCOPITHECIDAE PRIMATES
Papio ursinus CERCOPITHECIDAE PRIMATES

Papio cynocephalus CERCOPITHECIDAE PRIMATES

Papio papio CERCOPITHECIDAE PRIMATES

Rungwecebus kipunji CERCOPITHECIDAE PRIMATES

Papio hamadryas CERCOPITHECIDAE PRIMATES

Papio anubis CERCOPITHECIDAE PRIMATES

Theropithecus gelada CERCOPITHECIDAE PRIMATES

Mandrillus sphinx CERCOPITHECIDAE PRIMATES

Mandrillus leucophaeus CERCOPITHECIDAE PRIMATES

Cercocebus atys CERCOPITHECIDAE PRIMATES

Lophocebus albigena CERCOPITHECIDAE PRIMATES

Cercocebus torquatus CERCOPITHECIDAE PRIMATES

Cercocebus chrysogaster CERCOPITHECIDAE PRIMATES

Cercocebus agilis CERCOPITHECIDAE PRIMATES

Cercocebus galeritus CERCOPITHECIDAE PRIMATES

Cercopithecus hamlyni CERCOPITHECIDAE PRIMATES

Cercopithecus neglectus CERCOPITHECIDAE PRIMATES

Cercopithecus diana CERCOPITHECIDAE PRIMATES

Cercopithecus mona CERCOPITHECIDAE PRIMATES

Cercopithecus pogonias CERCOPITHECIDAE PRIMATES

Cercopithecus campbelli CERCOPITHECIDAE PRIMATES

Erythrocebus patas CERCOPITHECIDAE PRIMATES

Cercopithecus lomamiensis CERCOPITHECIDAE PRIMATES

Chlorocebus aethiops CERCOPITHECIDAE PRIMATESCercopithecus sclateri CERCOPITHECIDAE PRIMATES

Chlorocebus pygerythrus CERCOPITHECIDAE PRIMATES

Cercopithecus dryas CERCOPITHECIDAE PRIMATES

Chlorocebus djamdjamensis CERCOPITHECIDAE PRIMATES

Chlorocebus tantalus CERCOPITHECIDAE PRIMATES

Chlorocebus cynosuros CERCOPITHECIDAE PRIMATES

Cercopithecus solatus CERCOPITHECIDAE PRIMATES

Chlorocebus sabaeus CERCOPITHECIDAE PRIMATES

Cercopithecus lhoesti CERCOPITHECIDAE PRIMATES

Cercopithecus preussi CERCOPITHECIDAE PRIMATES

Cercopithecus cephus CERCOPITHECIDAE PRIMATES

Cercopithecus erythrotis CERCOPITHECIDAE PRIMATES

Cercopithecus ascanius CERCOPITHECIDAE PRIMATES

Cercopithecus petaurista CERCOPITHECIDAE PRIMATES

Cercopithecus erythrogaster CERCOPITHECIDAE PRIMATES

Cercopithecus mitis CERCOPITHECIDAE PRIMATES

Cercopithecus nictitans CERCOPITHECIDAE PRIMATES

Miopithecus talapoin CERCOPITHECIDAE PRIMATES

Miopithecus ogouensis CERCOPITHECIDAE PRIMATES

Allenopithecus nigroviridis CERCOPITHECIDAE PRIMATES

Ochotona gloveri OCHOTONIDAE LAGOMORPHA

Ochotona erythrotis OCHOTONIDAE LAGOMORPHA

Ochotona syrinx OCHOTONIDAE LAGOMORPHA

Ochotona collaris OCHOTONIDAE LAGOMORPHA

Ochotona princeps OCHOTONIDAE LAGOMORPHA

Ochotona argentata OCHOTONIDAE LAGOMORPHA

Ochotona pallasi OCHOTONIDAE LAGOMORPHA

Ochotona alpina OCHOTONIDAE LAGOMORPHA

Ochotona turuchanensis OCHOTONIDAE LAGOMORPHA

Ochotona hoffmanni OCHOTONIDAE LAGOMORPHA

Ochotona hyperborea OCHOTONIDAE LAGOMORPHA

Ochotona mantchurica OCHOTONIDAE LAGOMORPHA

Ochotona dauurica OCHOTONIDAE LAGOMORPHA

Ochotona coreana OCHOTONIDAE LAGOMORPHA

Ochotona cansus OCHOTONIDAE LAGOMORPHA

Ochotona curzoniae OCHOTONIDAE LAGOMORPHA

Ochotona nubrica OCHOTONIDAE LAGOMORPHA

Ochotona thibetana OCHOTONIDAE LAGOMORPHA

Ochotona thomasi OCHOTONIDAE LAGOMORPHA

Ochotona pusilla OCHOTONIDAE LAGOMORPHA

Ochotona iliensis OCHOTONIDAE LAGOMORPHA

Ochotona koslowi OCHOTONIDAE LAGOMORPHA

Ochotona rutila OCHOTONIDAE LAGOMORPHA

Ochotona ladacensis OCHOTONIDAE LAGOMORPHA

Ochotona macrotis OCHOTONIDAE LAGOMORPHA

Ochotona roylei OCHOTONIDAE LAGOMORPHA

Ochotona rufescens OCHOTONIDAE LAGOMORPHA

Ochotona forresti OCHOTONIDAE LAGOMORPHA

Pronolagus saundersiae LEPORIDAE LAGOMORPHA

Pronolagus rupestris LEPORIDAE LAGOMORPHA

Pronolagus randensis LEPORIDAE LAGOMORPHA

Pronolagus crassicaudatus LEPORIDAE LAGOMORPHA

Prolagus sardus PROLAGIDAE LAGOMORPHA

Nesolagus timminsi LEPORIDAE LAGOMORPHA

Nesolagus netscheri LEPORIDAE LAGOMORPHA

Poelagus marjorita LEPORIDAE LAGOMORPHA

Romerolagus diazi LEPORIDAE LAGOMORPHA

Lepus nigricollis LEPORIDAE LAGOMORPHA
Brachylagus idahoensis LEPORIDAE LAGOMORPHA

Lepus saxatilis LEPORIDAE LAGOMORPHA

Lepus peguensis LEPORIDAE LAGOMORPHA

Lepus hainanus LEPORIDAE LAGOMORPHA

Lepus europaeus LEPORIDAE LAGOMORPHA

Lepus granatensis LEPORIDAE LAGOMORPHA

Lepus yarkandensis LEPORIDAE LAGOMORPHA

Lepus sinensis LEPORIDAE LAGOMORPHA

Lepus mandshuricus LEPORIDAE LAGOMORPHA

Lepus tolai LEPORIDAE LAGOMORPHA

Lepus corsicanus LEPORIDAE LAGOMORPHA

Lepus castroviejoi LEPORIDAE LAGOMORPHA
Lepus fagani LEPORIDAE LAGOMORPHA

Lepus coreanus LEPORIDAE LAGOMORPHA

Lepus timidus LEPORIDAE LAGOMORPHA

Lepus arcticus LEPORIDAE LAGOMORPHA

Lepus othus LEPORIDAE LAGOMORPHA

Lepus townsendii LEPORIDAE LAGOMORPHA

Lepus microtis LEPORIDAE LAGOMORPHA

Lepus capensis LEPORIDAE LAGOMORPHA

Lepus comus LEPORIDAE LAGOMORPHA

Lepus oiostolus LEPORIDAE LAGOMORPHA

Lepus californicus LEPORIDAE LAGOMORPHA

Lepus insularis LEPORIDAE LAGOMORPHA

Lepus alleni LEPORIDAE LAGOMORPHA

Lepus flavigularis LEPORIDAE LAGOMORPHA

Lepus callotis LEPORIDAE LAGOMORPHA

Lepus americanus LEPORIDAE LAGOMORPHA

Lepus brachyurus LEPORIDAE LAGOMORPHA

Oryctolagus cuniculus LEPORIDAE LAGOMORPHA

Caprolagus hispidus LEPORIDAE LAGOMORPHA

Lepus habessinicus LEPORIDAE LAGOMORPHA

Lepus tibetanus LEPORIDAE LAGOMORPHA

Pentalagus furnessi LEPORIDAE LAGOMORPHA

Bunolagus monticularis LEPORIDAE LAGOMORPHA

Lepus starcki LEPORIDAE LAGOMORPHA

Sylvilagus obscurus LEPORIDAE LAGOMORPHA

Sylvilagus cognatus LEPORIDAE LAGOMORPHA

Sylvilagus transitionalis LEPORIDAE LAGOMORPHA

Sylvilagus brasiliensis LEPORIDAE LAGOMORPHA

Sylvilagus varynaensis LEPORIDAE LAGOMORPHA

Sylvilagus robustus LEPORIDAE LAGOMORPHA

Sylvilagus floridanus LEPORIDAE LAGOMORPHA

Sylvilagus mansuetus LEPORIDAE LAGOMORPHA

Sylvilagus palustris LEPORIDAE LAGOMORPHA

Sylvilagus cunicularius LEPORIDAE LAGOMORPHA

Sylvilagus aquaticus LEPORIDAE LAGOMORPHA

Sylvilagus insonus LEPORIDAE LAGOMORPHA

Sylvilagus dicei LEPORIDAE LAGOMORPHA

Sylvilagus nuttallii LEPORIDAE LAGOMORPHA

Sylvilagus bachmani LEPORIDAE LAGOMORPHA

Sylvilagus graysoni LEPORIDAE LAGOMORPHA

Sylvilagus audubonii LEPORIDAE LAGOMORPHA

Glis glis GLIRIDAE RODENTIA

Chaetocauda sichuanensis GLIRIDAE RODENTIA

Glirulus japonicus GLIRIDAE RODENTIA

Selevinia betpakdalaensis GLIRIDAE RODENTIA

Myomimus personatus GLIRIDAE RODENTIA

Myomimus setzeri GLIRIDAE RODENTIA

Myomimus roachi GLIRIDAE RODENTIA

Eliomys quercinus GLIRIDAE RODENTIA

Eliomys melanurus GLIRIDAE RODENTIA

Eliomys munbyanus GLIRIDAE RODENTIA

Dryomys niethammeri GLIRIDAE RODENTIA

Dryomys laniger GLIRIDAE RODENTIA

Dryomys nitedula GLIRIDAE RODENTIA

Muscardinus avellanarius GLIRIDAE RODENTIA

Graphiurus microtis GLIRIDAE RODENTIA

Graphiurus surdus GLIRIDAE RODENTIA

Graphiurus ocularis GLIRIDAE RODENTIA

Graphiurus platyops GLIRIDAE RODENTIA

Graphiurus angolensis GLIRIDAE RODENTIA

Graphiurus monardi GLIRIDAE RODENTIA

Graphiurus crassicaudatus GLIRIDAE RODENTIA

Graphiurus murinus GLIRIDAE RODENTIA

Graphiurus lorraineus GLIRIDAE RODENTIA

Graphiurus kelleni GLIRIDAE RODENTIA

Graphiurus rupicola GLIRIDAE RODENTIA

Graphiurus walterverheyeni GLIRIDAE RODENTIA

Graphiurus johnstoni GLIRIDAE RODENTIA

Graphiurus christyi GLIRIDAE RODENTIA

Graphiurus nagtglasii GLIRIDAE RODENTIA

Aplodontia rufa APLODONTIIDAE RODENTIA

Ratufa affinis SCIURIDAE RODENTIA

Ratufa bicolor SCIURIDAE RODENTIA

Ratufa indica SCIURIDAE RODENTIA

Ratufa macroura SCIURIDAE RODENTIA

Sciurillus pusillus SCIURIDAE RODENTIA

Funambulus tristriatus SCIURIDAE RODENTIA

Funambulus palmarum SCIURIDAE RODENTIA

Funambulus layardi SCIURIDAE RODENTIA

Funambulus pennantii SCIURIDAE RODENTIA

Funambulus sublineatus SCIURIDAE RODENTIA

Drem
omys pernyi SCIURIDAE RODENTIA

Drem
omys gularis SCIURIDAE RODENTIA

Drem
omys everetti SCIURIDAE RODENTIA

Drem
omys rufigenis SCIURIDAE RODENTIA

Drem
omys pyrrhom

erus SCIURIDAE RODENTIA

Drem
omys lokriah SCIURIDAE RODENTIA

Tamiops rodolphii SCIURIDAE RODENTIA

Tamiops swinhoei SCIURIDAE RODENTIA

Tamiops maritimus SCIURIDAE RODENTIA

Tamiops macclellandii SCIURIDAE RODENTIA

Nannosciurus melanotis SCIURIDAE RODENTIA

Rubrisciurus rubriventer SCIURIDAE RODENTIA

Prosciurillus weberi SCIURIDAE RODENTIA

Prosciurillus rosenbergii SCIURIDAE RODENTIA

Prosciurillus abstrusus SCIURIDAE RODENTIA

Prosciurillus murinus SCIURIDAE RODENTIA

Prosciurillus leucomus SCIURIDAE RODENTIA

Glyphotes simus SCIURIDAE RODENTIA

Hyosciurus ileile SCIURIDAE RODENTIA

Hyosciurus heinrichi SCIURIDAE RODENTIA

Callosciurus pygerythrus SCIURIDAE RODENTIA

Callosciurus notatus SCIURIDAE RODENTIA

Callosciurus orestes SCIURIDAE RODENTIA
Callosciurus phayrei SCIURIDAE RODENTIA

Callosciurus albescens SCIURIDAE RODENTIA

Callosciurus prevostii SCIURIDAE RODENTIA

Callosciurus nigrovittatus SCIURIDAE RODENTIA

Callosciurus finlaysonii SCIURIDAE RODENTIA

Callosciurus quinquestriatus SCIURIDAE RODENTIA

Callosciurus erythraeus SCIURIDAE RODENTIA

Callosciurus m
elanogaster SCIURIDAE RODENTIA

Callosciurus caniceps SCIURIDAE RODENTIA

Callosciurus inornatus SCIURIDAE RODENTIA

Callosciurus baluensis SCIURIDAE RODENTIA

Callosciurus adam
si SCIURIDAE RODENTIA

Sundasciurus fraterculus SCIURIDAE RODENTIA

Sundasciurus lowii SCIURIDAE RODENTIA
Sundasciurus rabori SCIURIDAE RODENTIA

Sundasciurus m
oellendorffi SCIURIDAE RODENTIA

Sundasciurus juvencus SCIURIDAE RODENTIA

Sundasciurus hoogstraali SCIURIDAE RODENTIA

Sundasciurus steerii SCIURIDAE RODENTIA

Sundasciurus m
indanensis SCIURIDAE RODENTIA

Sundasciurus philippinensis SCIURIDAE RODENTIA

Sundasciurus sam
arensis SCIURIDAE RODENTIA

Sundasciurus hippurus SCIURIDAE RODENTIA

Sundasciurus brookei SCIURIDAE RODENTIA

Sundasciurus tenuis SCIURIDAE RODENTIA

Sundasciurus davensis SCIURIDAE RODENTIA

Sundasciurus jentinki SCIURIDAE RODENTIA

Menetes berdmorei SCIURIDAE RODENTIA

Rhinosciurus laticaudatus SCIURIDAE RODENTIA

Lariscus hosei SCIURIDAE RODENTIA

Lariscus insignis SCIURIDAE RODENTIA

Lariscus obscurus SCIURIDAE RODENTIA

Lariscus niobe SCIURIDAE RODENTIA

Exilisciurus exilis SCIURIDAE RODENTIA

Exilisciurus whiteheadi SCIURIDAE RODENTIA

Exilisciurus concinnus SCIURIDAE RODENTIA

Sperm
ophilopsis leptodactylus SCIURIDAE RODENTIA

Xerus erythropus SCIURIDAE RODENTIA

Xerus rutilus SCIURIDAE RODENTIA

Xerus princeps SCIURIDAE RODENTIA

Xerus inauris SCIURIDAE RODENTIA

Atlantoxerus getulus SCIURIDAE RODENTIA

Sciurotam
ias forresti SCIURIDAE RODENTIA

Sciurotam
ias davidianus SCIURIDAE RODENTIA

M
yosciurus pum

ilio SCIURIDAE RODENTIA

Heliosciurus rufobrachium
 SCIURIDAE RODENTIA

Heliosciurus punctatus SCIURIDAE RODENTIA

Heliosciurus m
utabilis SCIURIDAE RODENTIA

Heliosciurus ruwenzorii SCIURIDAE RODENTIA

Heliosciurus undulatus SCIURIDAE RODENTIA

Heliosciurus gam
bianus SCIURIDAE RODENTIA

Funisciurus carruthersi SCIURIDAE RODENTIA

Funisciurus duchaillui SCIURIDAE RODENTIA

Paraxerus vexillarius SCIURIDAE RODENTIA

Funisciurus congicus SCIURIDAE RODENTIA

Paraxerus boehm
i SCIURIDAE RODENTIA

Paraxerus cepapi SCIURIDAE RODENTIA

Paraxerus poensis SCIURIDAE RODENTIA

Paraxerus ochraceus SCIURIDAE RODENTIA

Funisciurus bayonii SCIURIDAE RODENTIA

Epixerus ebii SCIURIDAE RODENTIA

Funisciurus substriatus SCIURIDAE RODENTIA

Protoxerus stangeri SCIURIDAE RODENTIA

Protoxerus aubinnii SCIURIDAE RODENTIA
Funisciurus pyrropus SCIURIDAE RODENTIA

Paraxerus lucifer SCIURIDAE RODENTIA

Funisciurus anerythrus SCIURIDAE RODENTIA

Paraxerus alexandri SCIURIDAE RODENTIA

Funisciurus lem
niscatus SCIURIDAE RODENTIA

Funisciurus leucogenys SCIURIDAE RODENTIA

Paraxerus cooperi SCIURIDAE RODENTIA

Paraxerus vincenti SCIURIDAE RODENTIA

Funisciurus isabella SCIURIDAE RODENTIA

Paraxerus flavovittis SCIURIDAE RODENTIA

Paraxerus palliatus SCIURIDAE RODENTIA

Tam
ias sibiricus SCIURIDAE RODENTIA

Tam
ias striatus SCIURIDAE RODENTIA

Tam
ias speciosus SCIURIDAE RODENTIA

Tam
ias m

inim
us SCIURIDAE RODENTIA

Tam
ias quadrim

aculatus SCIURIDAE RODENTIA

Tam
ias ruficaudus SCIURIDAE RODENTIA

Tam
ias durangae SCIURIDAE RODENTIA

Tam
ias canipes SCIURIDAE RODENTIA

Tam
ias rufus SCIURIDAE RODENTIA

Tam
ias um

brinus SCIURIDAE RODENTIA

Tam
ias quadrivittatus SCIURIDAE RODENTIA

Tam
ias palm

eri SCIURIDAE RODENTIA

Tam
ias dorsalis SCIURIDAE RODENTIA

Tam
ias cinereicollis SCIURIDAE RODENTIA

Tam
ias bulleri SCIURIDAE RODENTIA

Tam
ias obscurus SCIURIDAE RODENTIA

Tam
ias m

erriam
i SCIURIDAE RODENTIA

Tam
ias siskiyou SCIURIDAE RODENTIA

Tam
ias sonom

ae SCIURIDAE RODENTIA

Tam
ias senex SCIURIDAE RODENTIA

Tam
ias townsendii SCIURIDAE RODENTIA

Tam
ias ochrogenys SCIURIDAE RODENTIA

Tam
ias am

oenus SCIURIDAE RODENTIA

Tam
ias panam

intinus SCIURIDAE RODENTIA

Tam
ias alpinus SCIURIDAE RODENTIA

Sperm
ophilus alashanicus SCIURIDAE RODENTIA

Sperm
ophilus pallidicauda SCIURIDAE RODENTIA

Sperm
ophilus erythrogenys SCIURIDAE RODENTIA

Sperm
ophilus m

ajor SCIURIDAE RODENTIA

Sperm
ophilus fulvus SCIURIDAE RODENTIA

Sperm
ophilus relictus SCIURIDAE RODENTIA

Sperm
ophilus dauricus SCIURIDAE RODENTIA

Sperm
ophilus suslicus SCIURIDAE RODENTIA

Sperm
ophilus ralli SCIURIDAE RODENTIA

Sperm
ophilus xanthoprym

nus SCIURIDAE RODENTIA

Sperm
ophilus brevicauda SCIURIDAE RODENTIA

Sperm
ophilus taurensis SCIURIDAE RODENTIA

Sperm
ophilus citellus SCIURIDAE RODENTIA

Sperm
ophilus pygm

aeus SCIURIDAE RODENTIA

Urocitellus undulatus SCIURIDAE RODENTIA

Urocitellus parryii SCIURIDAE RODENTIA

Urocitellus richardsonii SCIURIDAE RODENTIA

Urocitellus elegans SCIURIDAE RODENTIA

Urocitellus colum
bianus SCIURIDAE RODENTIA

Urocitellus washingtoni SCIURIDAE RODENTIA

Urocitellus townsendii SCIURIDAE RODENTIA

Urocitellus m
ollis SCIURIDAE RODENTIA

Urocitellus canus SCIURIDAE RODENTIA

Urocitellus brunneus SCIURIDAE RODENTIA

Urocitellus beldingi SCIURIDAE RODENTIA

Urocitellus arm
atus SCIURIDAE RODENTIA

Ictidom
ys tridecem

lineatus SCIURIDAE RO
DENTIA

Ictidom
ys parvidens SCIURIDAE RODENTIA

Ictidom
ys m

exicanus SCIURIDAE RODENTIA

Poliocitellus franklinii SCIURIDAE RO
DENTIA

Xerosperm
ophilus spilosom

a SCIURIDAE RO
DENTIA

Xerosperm
ophilus perotensis SCIURIDAE RO

DENTIA

Xerosperm
ophilus tereticaudus SCIURIDAE RO

DENTIA

Xerosperm
ophilus m

ohavensis SCIURIDAE RO
DENTIA

Cynom
ys m

exicanus SCIURIDAE RO
DENTIA

Cynom
ys ludovicianus SCIURIDAE RO

DENTIA

Cynom
ys parvidens SCIURIDAE RO

DENTIA

Cynom
ys leucurus SCIURIDAE RO

DENTIA

Cynom
ys gunnisoni SCIURIDAE RO

DENTIA

M
arm

ota m
onax SCIURIDAE RODENTIA

M
arm

ota m
enzbieri SCIURIDAE RODENTIA

M
arm

ota caudata SCIURIDAE RODENTIA
M

arm
ota flaviventris SCIURIDAE RODENTIA

M
arm

ota olym
pus SCIURIDAE RODENTIA

M
arm

ota vancouverensis SCIURIDAE RODENTIA

M
arm

ota caligata SCIURIDAE RODENTIA

M
arm

ota m
arm

ota SCIURIDAE RODENTIA

M
arm

ota broweri SCIURIDAE RODENTIA

M
arm

ota him
alayana SCIURIDAE RODENTIA

M
arm

ota sibirica SCIURIDAE RODENTIA

M
arm

ota cam
tschatica SCIURIDAE RODENTIA

M
arm

ota bobak SCIURIDAE RODENTIA

M
arm

ota baibacina SCIURIDAE RODENTIA

Otosperm
ophilus variegatus SCIURIDAE RODENTIA

Otosperm
ophilus beecheyi SCIURIDAE RODENTIA

Otosperm
ophilus atricapillus SCIURIDAE RODENTIA

Callosperm
ophilus saturatus SCIURIDAE RODENTIA

Callosperm
ophilus m

adrensis SCIURIDAE RODENTIA

Callosperm
ophilus lateralis SCIURIDAE RODENTIA

Notocitellus annulatus SCIURIDAE RODENTIA

Notocitellus adocetus SCIURIDAE RODENTIA

Am
m

osperm
ophilus leucurus SCIURIDAE RODENTIA

Am
m

osperm
ophilus nelsoni SCIURIDAE RODENTIA

Am
m

osperm
ophilus interpres SCIURIDAE RODENTIA

Am
m

osperm
ophilus harrisii SCIURIDAE RODENTIA

Sciurus vulgaris SCIURIDAE RODENTIA

Sciurus lis SCIURIDAE RODENTIA

Sciurus anomalus SCIURIDAE RODENTIA

Sciurus alleni SCIURIDAE RODENTIA

Sciurus deppei SCIURIDAE RODENTIA

Sciurus sanborni SCIURIDAE RODENTIA

Sciurus yucatanensis SCIURIDAE RODENTIA

Sciurus granatensis SCIURIDAE RODENTIA

Microsciurus alfari SCIURIDAE RODENTIA

Sciurus richmondi SCIURIDAE RODENTIA

Sciurus nayaritensis SCIURIDAE RODENTIA

Sciurus variegatoides SCIURIDAE RODENTIA

Sciurus aureogaster SCIURIDAE RODENTIA

Sciurus oculatus SCIURIDAE RODENTIA

Microsciurus santanderensis SCIURIDAE RODENTIA

Sciurus aestuans SCIURIDAE RODENTIA

Sciurus gilvigularis SCIURIDAE RODENTIA

Sciurus igniventris SCIURIDAE RODENTIA

Sciurus ignitus SCIURIDAE RODENTIA

Sciurus arizonensis SCIURIDAE RODENTIA

Microsciurus mimulus SCIURIDAE RODENTIA

Sciurus pucheranii SCIURIDAE RODENTIA

Sciurus pyrrhinus SCIURIDAE RODENTIA
Sciurus spadiceus SCIURIDAE RODENTIA

Microsciurus flaviventer SCIURIDAE RODENTIA

Sciurus stramineus SCIURIDAE RODENTIA

Sciurus colliaei SCIURIDAE RODENTIA

Sciurus flammifer SCIURIDAE RODENTIA

Sciurus griseus SCIURIDAE RODENTIA

Sciurus aberti SCIURIDAE RODENTIA

Sciurus carolinensis SCIURIDAE RODENTIA

Sciurus niger SCIURIDAE RODENTIA

Rheithrosciurus macrotis SCIURIDAE RODENTIA

Tamiasciurus mearnsi SCIURIDAE RODENTIA

Tamiasciurus hudsonicus SCIURIDAE RODENTIA

Tamiasciurus douglasii SCIURIDAE RODENTIA

Syntheosciurus brochus SCIURIDAE RODENTIA

Glaucomys volans SCIURIDAE RODENTIA

Glaucomys sabrinus SCIURIDAE RODENTIA

Eoglaucomys fimbriatus SCIURIDAE RODENTIA

Hylopetes spadiceus SCIURIDAE RODENTIA

Hylopetes sipora SCIURIDAE RODENTIA

Hylopetes lepidus SCIURIDAE RODENTIA

Hylopetes nigripes SCIURIDAE RODENTIA

Hylopetes alboniger SCIURIDAE RODENTIA

Hylopetes platyurus SCIURIDAE RODENTIA

Hylopetes winstoni SCIURIDAE RODENTIA

Petaurillus hosei SCIURIDAE RODENTIA

Petaurillus kinlochii SCIURIDAE RODENTIA

Petaurillus emiliae SCIURIDAE RODENTIA

Hylopetes bartelsi SCIURIDAE RODENTIA

Hylopetes phayrei SCIURIDAE RODENTIA
Petinomys lugens SCIURIDAE RODENTIA

Petinomys sagitta SCIURIDAE RODENTIA

Petinomys fuscocapillus SCIURIDAE RODENTIA

Petinomys crinitus SCIURIDAE RODENTIA

Petinomys vordermanni SCIURIDAE RODENTIA

Petinomys mindanensis SCIURIDAE RODENTIA

Petinomys setosus SCIURIDAE RODENTIA

Petinomys genibarbis SCIURIDAE RODENTIA

Petinomys hageni SCIURIDAE RODENTIA

Iomys sipora SCIURIDAE RODENTIA

Iomys horsfieldii SCIURIDAE RODENTIA

Pteromys volans SCIURIDAE RODENTIA

Pteromys momonga SCIURIDAE RODENTIA

Biswamoyopterus laoensis SCIURIDAE RODENTIA

Biswamoyopterus biswasi SCIURIDAE RODENTIA

Pteromyscus pulverulentus SCIURIDAE RODENTIA

Aeretes melanopterus SCIURIDAE RODENTIA

Trogopterus xanthipes SCIURIDAE RODENTIA

Belomys pearsonii SCIURIDAE RODENTIA

Aeromys thomasi SCIURIDAE RODENTIA

Aeromys tephromelas SCIURIDAE RODENTIA

Eupetaurus cinereus SCIURIDAE RODENTIA

Petaurista leucogenys SCIURIDAE RODENTIA

Petaurista elegans SCIURIDAE RODENTIA

Petaurista nobilis SCIURIDAE RODENTIA

Petaurista xanthotis SCIURIDAE RODENTIA

Petaurista marica SCIURIDAE RODENTIA

Petaurista yunanensis SCIURIDAE RODENTIA

Petaurista albiventer SCIURIDAE RODENTIA

Petaurista siangensis SCIURIDAE RODENTIA

Petaurista philippensis SCIURIDAE RODENTIA

Petaurista mishmiensis SCIURIDAE RODENTIA

Petaurista alborufus SCIURIDAE RODENTIA

Petaurista magnificus SCIURIDAE RODENTIA

Petaurista hainana SCIURIDAE RODENTIA

Petaurista grandis SCIURIDAE RODENTIA

Petaurista petaurista SCIURIDAE RODENTIA

Petaurista caniceps SCIURIDAE RODENTIA

Petaurista lena SCIURIDAE RODENTIA

Petaurista mechukaensis SCIURIDAE RODENTIA

Laonastes aenigmamus DIATOMYIDAE RODENTIA

Massoutiera mzabi CTENODACTYLIDAE RODENTIA

Pectinator spekei CTENODACTYLIDAE RODENTIA

Ctenodactylus vali CTENODACTYLIDAE RODENTIA

Ctenodactylus gundi CTENODACTYLIDAE RODENTIA

Felovia vae CTENODACTYLIDAE RODENTIA

Trichys fasciculata HYSTRICIDAE RODENTIA

Atherurus macrourus HYSTRICIDAE RODENTIA

Hystrix brachyura HYSTRICIDAE RODENTIA

Hystrix crassispinis HYSTRICIDAE RODENTIA

Hystrix pumila HYSTRICIDAE RODENTIA

Hystrix africaeaustralis HYSTRICIDAE RODENTIA

Hystrix javanica HYSTRICIDAE RODENTIA

Hystrix cristata HYSTRICIDAE RODENTIA

Hystrix sumatrae HYSTRICIDAE RODENTIA

Hystrix indica HYSTRICIDAE RODENTIA

Atherurus africanus HYSTRICIDAE RODENTIA

Thryonomys swinderianus THRYONOMYIDAE RODENTIA

Thryonomys gregorianus THRYONOMYIDAE RODENTIA

Petromus typicus PETROMURIDAE RODENTIA

Heterocephalus glaber HETEROCEPHALIDAE RODENTIA

Heliophobius argenteocinereus BATHYERGIDAE RODENTIA

Fukomys vandewoestijneae BATHYERGIDAE RODENTIA

Fukomys ilariae BATHYERGIDAE RODENTIA

Fukomys bocagei BATHYERGIDAE RODENTIA

Fukomys mechowi BATHYERGIDAE RODENTIA

Fukomys anselli BATHYERGIDAE RODENTIA

Fukomys darlingi BATHYERGIDAE RODENTIA

Fukomys kafuensis BATHYERGIDAE RODENTIA

Fukomys foxi BATHYERGIDAE RODENTIA

Fukomys damarensis BATHYERGIDAE RODENTIA

Fukomys amatus BATHYERGIDAE RODENTIA

Fukomys micklemi BATHYERGIDAE RODENTIA

Fukomys zechi BATHYERGIDAE RODENTIA

Fukomys whytei BATHYERGIDAE RODENTIA

Fukomys ochraceocinereus BATHYERGIDAE RODENTIA

Cryptomys hottentotus BATHYERGIDAE RODENTIA

Georychus capensis BATHYERGIDAE RODENTIA

Bathyergus suillus BATHYERGIDAE RODENTIA

Bathyergus janetta BATHYERGIDAE RODENTIA

Cuniculus taczanowskii CUNICULIDAE RODENTIA

Cuniculus paca CUNICULIDAE RODENTIA

Myoprocta pratti DASYPROCTIDAE RODENTIA

Myoprocta acouchy DASYPROCTIDAE RODENTIA

Dasyprocta punctata DASYPROCTIDAE RODENTIA

Dasyprocta kalinowskii DASYPROCTIDAE RODENTIA

Dasyprocta coibae DASYPROCTIDAE RODENTIA

Dasyprocta leporina DASYPROCTIDAE RODENTIA

Dasyprocta prymnolopha DASYPROCTIDAE RODENTIA

Dasyprocta azarae DASYPROCTIDAE RODENTIA

Dasyprocta fuliginosa DASYPROCTIDAE RODENTIA

Dasyprocta ruatanica DASYPROCTIDAE RODENTIA

Dasyprocta guamara DASYPROCTIDAE RODENTIA

Dasyprocta mexicana DASYPROCTIDAE RODENTIA

Dasyprocta cristata DASYPROCTIDAE RODENTIA

Kerodon rupestris CAVIIDAE RODENTIA

Kerodon acrobata CAVIIDAE RODENTIA

Hydrochoerus isthmius CAVIIDAE RODENTIA

Hydrochoerus hydrochaeris CAVIIDAE RODENTIA

Dolichotis salinicola CAVIIDAE RODENTIA

Dolichotis patagonum CAVIIDAE RODENTIA

Galea musteloides CAVIIDAE RODENTIA

Galea spixii CAVIIDAE RODENTIA

Galea monasteriensis CAVIIDAE RODENTIA

Galea flavidens CAVIIDAE RODENTIA

Microcavia australis CAVIIDAE RODENTIA

Microcavia shiptoni CAVIIDAE RODENTIA

Microcavia niata CAVIIDAE RODENTIA

Cavia tschudii CAVIIDAE RODENTIA

Cavia porcellus CAVIIDAE RODENTIA

Cavia patzelti CAVIIDAE RODENTIA

Cavia aperea CAVIIDAE RODENTIA

Cavia fulgida CAVIIDAE RODENTIA

Cavia magna CAVIIDAE RODENTIA

Cavia intermedia CAVIIDAE RODENTIA

Erethizon dorsatum ERETHIZONTIDAE RODENTIA

Coendou quichua ERETHIZONTIDAE RODENTIA

Coendou rufescens ERETHIZONTIDAE RODENTIA

Coendou mexicanus ERETHIZONTIDAE RODENTIA

Coendou baturitensis ERETHIZONTIDAE RODENTIA

Coendou roosmalenorum ERETHIZONTIDAE RODENTIA

Coendou prehensilis ERETHIZONTIDAE RODENTIA

Coendou bicolor ERETHIZONTIDAE RODENTIA

Coendou spinosus ERETHIZONTIDAE RODENTIA

Coendou insidiosus ERETHIZONTIDAE RODENTIA

Coendou nycthemera ERETHIZONTIDAE RODENTIA

Coendou speratus ERETHIZONTIDAE RODENTIA

Coendou melanurus ERETHIZONTIDAE RODENTIA

Coendou pruinosus ERETHIZONTIDAE RODENTIA

Coendou vestitus ERETHIZONTIDAE RODENTIA

Coendou ichillus ERETHIZONTIDAE RODENTIA

Chaetomys subspinosus ERETHIZONTIDAE RODENTIA

Dinomys branickii DINOMYIDAE RODENTIA

Lagostomus maximus CHINCHILLIDAE RODENTIA

Lagostomus crassus CHINCHILLIDAE RODENTIA

Lagidium wolffsohni CHINCHILLIDAE RODENTIA

Lagidium viscacia CHINCHILLIDAE RODENTIA

Lagidium peruanum CHINCHILLIDAE RODENTIA

Lagidium ahuacaense CHINCHILLIDAE RODENTIA

Chinchilla lanigera CHINCHILLIDAE RODENTIA

Chinchilla chinchilla CHINCHILLIDAE RODENTIA

Geocapromys thoracatus CAPROMYIDAE RODENTIA

Geocapromys ingrahami CAPROMYIDAE RODENTIA

Geocapromys brownii CAPROMYIDAE RODENTIA

Geocapromys columbianus CAPROMYIDAE RODENTIA

Mysateles prehensilis CAPROMYIDAE RODENTIA

Mysateles meridionalis CAPROMYIDAE RODENTIA

Mysateles garridoi CAPROMYIDAE RODENTIA

Mysateles gundlachi CAPROMYIDAE RODENTIA

Mesocapromys sanfelipensis CAPROMYIDAE RODENTIA

Mesocapromys melanurus CAPROMYIDAE RODENTIA

Mesocapromys angelcabrerai CAPROMYIDAE RODENTIA

Mesocapromys auritus CAPROMYIDAE RODENTIA

Mesocapromys nanus CAPROMYIDAE RODENTIA

Hexolobodon phenax CAPROMYIDAE RODENTIA

Heteropsomys insulans ECHIMYIDAE RODENTIA

Boromys torrei ECHIMYIDAE RODENTIA

Boromys offella ECHIMYIDAE RODENTIA

Isolobodon portoricensis CAPROMYIDAE RODENTIA

Isolobodon montanus CAPROMYIDAE RODENTIA

Brotomys voratus ECHIMYIDAE RODENTIA

Capromys pilorides CAPROMYIDAE RODENTIA

Plagiodontia ipnaeum CAPROMYIDAE RODENTIA

Plagiodontia aedium CAPROMYIDAE RODENTIA

Carterodon sulcidens ECHIMYIDAE RODENTIA

Thrichomys apereoides ECHIMYIDAE RODENTIA

Trinomys myosuros ECHIMYIDAE RODENTIA

Hoplomys gymnurus ECHIMYIDAE RODENTIA

Proechimys echinothrix ECHIMYIDAE RODENTIA

Proechimys urichi ECHIMYIDAE RODENTIA

Proechimys goeldii ECHIMYIDAE RODENTIA

Proechimys hoplomyoides ECHIMYIDAE RODENTIA

Proechimys decumanus ECHIMYIDAE RODENTIA

Proechimys canicollis ECHIMYIDAE RODENTIA
Proechimys gardneri ECHIMYIDAE RODENTIA

Proechimys oconnelli ECHIMYIDAE RODENTIA

Proechimys quadruplicatus ECHIMYIDAE RODENTIA

Proechimys pattoni ECHIMYIDAE RODENTIA

Proechimys guairae ECHIMYIDAE RODENTIA

Proechimys steerei ECHIMYIDAE RODENTIA

Proechimys simonsi ECHIMYIDAE RODENTIA

Proechimys mincae ECHIMYIDAE RODENTIA

Proechimys chrysaeolus ECHIMYIDAE RODENTIA

Proechimys roberti ECHIMYIDAE RODENTIA

Proechimys longicaudatus ECHIMYIDAE RODENTIA

Proechimys magdalenae ECHIMYIDAE RODENTIA

Proechimys semispinosus ECHIMYIDAE RODENTIA

Proechimys poliopus ECHIMYIDAE RODENTIA

Proechimys brevicauda ECHIMYIDAE RODENTIA

Proechimys cuvieri ECHIMYIDAE RODENTIA

Proechimys kulinae ECHIMYIDAE RODENTIA

Proechimys trinitatus ECHIMYIDAE RODENTIA

Proechimys guyannensis ECHIMYIDAE RODENTIA

Callistomys pictus ECHIMYIDAE RODENTIA

Isothrix sinnamariensis ECHIMYIDAE RODENTIA

Isothrix pagurus ECHIMYIDAE RODENTIA

Isothrix orinoci ECHIMYIDAE RODENTIA

Isothrix negrensis ECHIMYIDAE RODENTIA

Isothrix bistriata ECHIMYIDAE RODENTIA

Isothrix barbarabrownae ECHIMYIDAE RODENTIA

Myocastor coypus MYOCASTORIDAE RODENTIA

Mesomys occultus ECHIMYIDAE RODENTIA

Mesomys stimulax ECHIMYIDAE RODENTIA

Mesomys leniceps ECHIMYIDAE RODENTIA

Mesomys hispidus ECHIMYIDAE RODENTIA

Lonchothrix emiliae ECHIMYIDAE RODENTIA
Makalata macrura ECHIMYIDAE RODENTIA

Makalata obscura ECHIMYIDAE RODENTIA

Makalata didelphoides ECHIMYIDAE RODENTIA

Phyllomys lamarum ECHIMYIDAE RODENTIA

Phyllomys unicolor ECHIMYIDAE RODENTIA

Phyllomys brasiliensis ECHIMYIDAE RODENTIA

Phyllomys blainvillii ECHIMYIDAE RODENTIA

Phyllomys nigrispinus ECHIMYIDAE RODENTIA

Phyllomys thomasi ECHIMYIDAE RODENTIA

Phyllomys sulinus ECHIMYIDAE RODENTIA

Phyllomys dasythrix ECHIMYIDAE RODENTIA

Phyllomys lundi ECHIMYIDAE RODENTIA

Phyllomys kerri ECHIMYIDAE RODENTIA

Phyllomys medius ECHIMYIDAE RODENTIA

Phyllomys pattoni ECHIMYIDAE RODENTIA

Phyllomys mantiqueirensis ECHIMYIDAE RODENTIA

Echimys vieirai ECHIMYIDAE RODENTIA

Echimys chrysurus ECHIMYIDAE RODENTIA

Echimys saturnus ECHIMYIDAE RODENTIA

Toromys rhipidurus ECHIMYIDAE RODENTIA

Toromys grandis ECHIMYIDAE RODENTIA

Pattonomys semivillosus ECHIMYIDAE RODENTIA

Pattonomys occasius ECHIMYIDAE RODENTIA

Dactylomys peruanus ECHIMYIDAE RODENTIA

Dactylomys dactylinus ECHIMYIDAE RODENTIA

Dactylomys boliviensis ECHIMYIDAE RODENTIA

Olallamys edax ECHIMYIDAE RODENTIA

Olallamys albicauda ECHIMYIDAE RODENTIA

Kannabateomys amblyonyx ECHIMYIDAE RODENTIA

Diplomys labilis ECHIMYIDAE RODENTIA

Diplomys caniceps ECHIMYIDAE RODENTIA

Santamartamys rufodorsalis ECHIMYIDAE RODENTIA

Clyomys laticeps ECHIMYIDAE RODENTIA

Clyomys bishopi ECHIMYIDAE RODENTIA

Euryzygomatomys spinosus ECHIMYIDAE RODENTIA

Trinomys eliasi ECHIMYIDAE RODENTIA

Trinomys paratus ECHIMYIDAE RODENTIA

Trinomys yonenagae ECHIMYIDAE RODENTIA

Thrichomys fosteri ECHIMYIDAE RODENTIA

Thrichomys laurentius ECHIMYIDAE RODENTIA

Thrichomys pachyurus ECHIMYIDAE RODENTIA

Thrichomys inermis ECHIMYIDAE RODENTIA

Trinomys setosus ECHIMYIDAE RODENTIA

Trinomys albispinus ECHIMYIDAE RODENTIA

Trinomys dimidiatus ECHIMYIDAE RODENTIA

Trinomys iheringi ECHIMYIDAE RODENTIA

Trinomys mirapitanga ECHIMYIDAE RODENTIA

Trinomys gratiosus ECHIMYIDAE RODENTIA

Trinomys moojeni ECHIMYIDAE RODENTIA

Ctenomys budini CTENOMYIDAE RODENTIA

Ctenomys brasiliensis CTENOMYIDAE RODENTIA

Ctenomys boliviensis CTENOMYIDAE RODENTIA

Ctenomys goodfellowi CTENOMYIDAE RODENTIA

Ctenomys sylvanus CTENOMYIDAE RODENTIA

Ctenomys steinbachi CTENOMYIDAE RODENTIA

Ctenomys andersoni CTENOMYIDAE RODENTIA

Ctenomys erikacuellarae CTENOMYIDAE RODENTIA

Ctenomys opimus CTENOMYIDAE RODENTIA

Ctenomys johannis CTENOMYIDAE RODENTIA

Ctenomys fulvus CTENOMYIDAE RODENTIA

Ctenomys yatesi CTENOMYIDAE RODENTIA

Ctenomys saltarius CTENOMYIDAE RODENTIA

Ctenomys scagliai CTENOMYIDAE RODENTIA

Ctenomys fochi CTENOMYIDAE RODENTIA

Ctenomys tucumanus CTENOMYIDAE RODENTIA

Ctenomys occultus CTENOMYIDAE RODENTIA

Ctenomys argentinus CTENOMYIDAE RODENTIA

Ctenomys latro CTENOMYIDAE RODENTIA

Ctenomys pilarensis CTENOMYIDAE RODENTIA

Ctenomys sociabilis CTENOMYIDAE RODENTIA

Ctenomys viperinus CTENOMYIDAE RODENTIA

Ctenomys peruanus CTENOMYIDAE RODENTIA

Ctenomys haigi CTENOMYIDAE RODENTIA

Ctenomys maulinus CTENOMYIDAE RODENTIA

Ctenomys coyhaiquensis CTENOMYIDAE RODENTIA

Ctenomys sericeus CTENOMYIDAE RODENTIA

Ctenomys fodax CTENOMYIDAE RODENTIA

Ctenomys magellanicus CTENOMYIDAE RODENTIA

Ctenomys colburni CTENOMYIDAE RODENTIA

Ctenomys pundti CTENOMYIDAE RODENTIA

Ctenomys bergi CTENOMYIDAE RODENTIA

Ctenomys talarum CTENOMYIDAE RODENTIA

Ctenomys leucodon CTENOMYIDAE RODENTIA

Ctenomys australis CTENOMYIDAE RODENTIA

Ctenomys mendocinus CTENOMYIDAE RODENTIA

Ctenomys porteousi CTENOMYIDAE RODENTIA

Ctenomys yolandae CTENOMYIDAE RODENTIA

Ctenomys bonettoi CTENOMYIDAE RODENTIA

Ctenomys flamarioni CTENOMYIDAE RODENTIA

Ctenomys azarae CTENOMYIDAE RODENTIA

Ctenomys rionegrensis CTENOMYIDAE RODENTIA

Ctenomys osvaldoreigi CTENOMYIDAE RODENTIA

Ctenomys ibicuiensis CTENOMYIDAE RODENTIA
Ctenomys knighti CTENOMYIDAE RODENTIA

Ctenomys torquatus CTENOMYIDAE RODENTIA

Ctenomys minutus CTENOMYIDAE RODENTIA

Ctenomys lami CTENOMYIDAE RODENTIA

Ctenomys validus CTENOMYIDAE RODENTIA

Ctenomys roigi CTENOMYIDAE RODENTIA

Ctenomys perrensi CTENOMYIDAE RODENTIA

Ctenomys dorbignyi CTENOMYIDAE RODENTIA

Ctenomys tulduco CTENOMYIDAE RODENTIA

Ctenomys pearsoni CTENOMYIDAE RODENTIA

Ctenomys famosus CTENOMYIDAE RODENTIA

Ctenomys juris CTENOMYIDAE RODENTIA

Ctenomys frater CTENOMYIDAE RODENTIA

Ctenomys lewisi CTENOMYIDAE RODENTIA

Ctenomys emilianus CTENOMYIDAE RODENTIA

Ctenomys dorsalis CTENOMYIDAE RODENTIA

Ctenomys coludo CTENOMYIDAE RODENTIA

Ctenomys pontifex CTENOMYIDAE RODENTIA

Ctenomys conoveri CTENOMYIDAE RODENTIA

Ctenomys lessai CTENOMYIDAE RODENTIA

Ctenomys tuconax CTENOMYIDAE RODENTIA

Tympanoctomys barrerae OCTODONTIDAE RODENTIA

Tympanoctomys loschalchalerosorum OCTODONTIDAE RODENTIA

Tympanoctomys kirchnerorum OCTODONTIDAE RODENTIA

Pipanacoctomys aureus OCTODONTIDAE RODENTIA

Octomys mimax OCTODONTIDAE RODENTIA

Octodontomys gliroides OCTODONTIDAE RODENTIA

Octodon bridgesi OCTODONTIDAE RODENTIA

Octodon lunatus OCTODONTIDAE RODENTIA

Octodon pacificus OCTODONTIDAE RODENTIA

Octodon degus OCTODONTIDAE RODENTIA

Spalacopus cyanus OCTODONTIDAE RODENTIA

Aconaemys porteri OCTODONTIDAE RODENTIA

Aconaemys sagei OCTODONTIDAE RODENTIA

Aconaemys fuscus OCTODONTIDAE RODENTIA

Abrocoma boliviensis ABROCOMIDAE RODENTIA

Abrocoma vaccarum ABROCOMIDAE RODENTIA

Abrocoma shistacea ABROCOMIDAE RODENTIA

Abrocoma uspallata ABROCOMIDAE RODENTIA

Abrocoma famatina ABROCOMIDAE RODENTIA

Abrocoma bennettii ABROCOMIDAE RODENTIA

Abrocoma budini ABROCOMIDAE RODENTIA

Cuscomys oblativa ABROCOMIDAE RODENTIA

Cuscomys ashaninka ABROCOMIDAE RODENTIA

Abrocoma cinerea ABROCOMIDAE RODENTIA

Pygeretm
us pum

ilio DIPO
DIDAE RO

DENTIA
Pygeretm

us platyurus DIPO
DIDAE RO

DENTIA
Pygeretm

us zhitkovi DIPO
DIDAE RO

DENTIA

Allactaga bullata DIPO
DIDAE RO

DENTIA

Allactaga vinogradovi DIPO
DIDAE RO

DENTIA

Allactaga sibirica DIPO
DIDAE RO

DENTIA

Allactaga tetradactyla DIPO
DIDAE RO

DENTIA
Allactaga m

ajor DIPO
DIDAE RO

DENTIA

Allactodipus bobrinskii DIPO
DIDAE RO

DENTIA

Allactaga balikunica DIPO
DIDAE RO

DENTIA

Allactaga firouzi DIPO
DIDAE RO

DENTIA
Allactaga hotsoni DIPO

DIDAE RO
DENTIA

Allactaga elater DIPO
DIDAE RO

DENTIA

Allactaga severtzovi DIPO
DIDAE RO

DENTIA
Allactaga toussi DIPO

DIDAE RO
DENTIA

Allactaga william
si DIPO

DIDAE RO
DENTIA

Allactaga euphratica DIPO
DIDAE RO

DENTIA

Paradipus ctenodactylus DIPO
DIDAE RO

DENTIA
Stylodipus andrewsi DIPO

DIDAE RO
DENTIA

Stylodipus telum
 DIPO

DIDAE RO
DENTIA

Stylodipus sungorus DIPO
DIDAE RO

DENTIA

Jaculus orientalis DIPO
DIDAE RO

DENTIA

Jaculus jaculus DIPO
DIDAE RO

DENTIA

Jaculus blanfordi DIPO
DIDAE RO

DENTIA

Erem
odipus lichtensteini DIPO

DIDAE RO
DENTIA

Dipus sagitta DIPO
DIDAE RO

DENTIA

Euchoreutes naso DIPO
DIDAE RO

DENTIA

Salpingotulus m
ichaelis DIPO

DIDAE RO
DENTIA

Salpingotus crassicauda DIPO
DIDAE RO

DENTIA
Salpingotus kozlovi DIPO

DIDAE RO
DENTIA

Salpingotus pallidus DIPO
DIDAE RO

DENTIA
Salpingotus heptneri DIPO

DIDAE RO
DENTIA

Cardiocranius paradoxus DIPO
DIDAE RO

DENTIA

Zapus trinotatus DIPO
DIDAE RO

DENTIA

Zapus princeps DIPO
DIDAE RO

DENTIA

Zapus hudsonius DIPO
DIDAE RO

DENTIA

Napaeozapus insignis DIPO
DIDAE RO

DENTIA

Eozapus setchuanus DIPO
DIDAE RO

DENTIA

Sicista napaea DIPO
DIDAE RO

DENTIA

Sicista kazbegica DIPO
DIDAE RO

DENTIA

Sicista severtzovi DIPO
DIDAE RO

DENTIA
Sicista caucasica DIPO

DIDAE RO
DENTIA

Sicista concolor DIPO
DIDAE RO

DENTIA

Sicista caudata DIPO
DIDAE RO

DENTIA

Sicista subtilis DIPO
DIDAE RO

DENTIA

Sicista pseudonapaea DIPO
DIDAE RO

DENTIA

Sicista kluchorica DIPO
DIDAE RO

DENTIA
Sicista strandi DIPO

DIDAE RO
DENTIA

Sicista arm
enica DIPO

DIDAE RO
DENTIA

Sicista betulina DIPO
DIDAE RO

DENTIA

Sicista tianshanica DIPO
DIDAE RO

DENTIA

Typhlom
ys cinereus PLATACANTHO

M
YIDAE RO

DENTIA

Platacanthom
ys lasiurus PLATACANTHO

M
YIDAE RO

DENTIA

Spalax giganteus SPALACIDAE RO
DENTIA

Spalax ehrenbergi SPALACIDAE RO
DENTIA

Spalax nehringi SPALACIDAE RO
DENTIA

Spalax leucodon SPALACIDAE RO
DENTIA

Spalax m
icrophthalm

us SPALACIDAE RO
DENTIA

Spalax zem
ni SPALACIDAE RO

DENTIA

Spalax arenarius SPALACIDAE RO
DENTIA

Spalax graecus SPALACIDAE RO
DENTIA

Spalax uralensis SPALACIDAE RO
DENTIA

M
yospalax psilurus SPALACIDAE RO

DENTIA

M
yospalax m

yospalax SPALACIDAE RO
DENTIA

M
yospalax aspalax SPALACIDAE RO

DENTIA

Eospalax rothschildi SPALACIDAE RO
DENTIA

Eospalax sm
ithii SPALACIDAE RO

DENTIA

Eospalax fontanierii SPALACIDAE RO
DENTIA

Tachyoryctes splendens SPALACIDAE RO
DENTIA

Tachyoryctes m
acrocephalus SPALACIDAE RO

DENTIA
Rhizom

ys sinensis SPALACIDAE RO
DENTIA

Rhizom
ys sum

atrensis SPALACIDAE RO
DENTIA

Rhizom
ys pruinosus SPALACIDAE RO

DENTIA

Cannom
ys badius SPALACIDAE RO

DENTIA

Calom
yscus grandis CALO

M
YSCIDAE RO

DENTIA

Calom
yscus elburzensis CALO

M
YSCIDAE RO

DENTIA

Calom
yscus m

ystax CALO
M

YSCIDAE RO
DENTIA

Calom
yscus hotsoni CALO

M
YSCIDAE RO

DENTIA
Calom

yscus baluchi CALO
M

YSCIDAE RO
DENTIA

Calom
yscus tsolovi CALO

M
YSCIDAE RO

DENTIA

Calom
yscus bailwardi CALO

M
YSCIDAE RO

DENTIA
Calom

yscus urartensis CALO
M

YSCIDAE RO
DENTIA

Cricetom
ys gam

bianus NESO
M

YIDAE RO
DENTIA

Cricetom
ys em

ini NESO
M

YIDAE RO
DENTIA

Beam
ys hindei NESO

M
YIDAE RO

DENTIA
Saccostom

us m
earnsi NESO

M
YIDAE RO

DENTIA

Saccostom
us cam

pestris NESO
M

YIDAE RO
DENTIA

Dendrom
us kahuziensis NESO

M
YIDAE RO

DENTIA

Dendrom
us m

elanotis NESO
M

YIDAE RO
DENTIA

Dendrom
us ruppi NESO

M
YIDAE RO

DENTIA

Dendrom
us vernayi NESO

M
YIDAE RO

DENTIA

Dendrom
us lachaisei NESO

M
YIDAE RO

DENTIA

Dendrom
us lovati NESO

M
YIDAE RO

DENTIA

Dendrom
us m

esom
elas NESO

M
YIDAE RO

DENTIA

Dendrom
us insignis NESO

M
YIDAE RO

DENTIA
Dendrom

us kivu NESO
M

YIDAE RO
DENTIA

Dendrom
us oreas NESO

M
YIDAE RO

DENTIA
Dendrom

us m
ystacalis NESO

M
YIDAE RO

DENTIA

Dendrom
us nyikae NESO

M
YIDAE RO

DENTIA
M

alacothrix typica NESO
M

YIDAE RO
DENTIA

Dendrom
us m

essorius NESO
M

YIDAE RO
DENTIA

Steatom
ys jacksoni NESO

M
YIDAE RO

DENTIA

Steatom
ys pratensis NESO

M
YIDAE RO

DENTIA

Steatom
ys opim

us NESO
M

YIDAE RO
DENTIA

Steatom
ys bocagei NESO

M
YIDAE RO

DENTIA
Steatom

ys cuppedius NESO
M

YIDAE RO
DENTIA

Steatom
ys caurinus NESO

M
YIDAE RO

DENTIA
Steatom

ys parvus NESO
M

YIDAE RO
DENTIA

Steatom
ys krebsii NESO

M
YIDAE RO

DENTIA

Dendroprionom
ys rousseloti NESO

M
YIDAE RO

DENTIA
M

egadendrom
us nikolausi NESO

M
YIDAE RO

DENTIA

Delanym
ys brooksi NESO

M
YIDAE RO

DENTIA
Petrom

yscus m
onticularis NESO

M
YIDAE RO

DENTIA

M
ystrom

ys albicaudatus NESO
M

YIDAE RO
DENTIA

Petrom
yscus collinus NESO

M
YIDAE RO

DENTIA

Petrom
yscus shortridgei NESO

M
YIDAE RO

DENTIA

Petrom
yscus barbouri NESO

M
YIDAE RO

DENTIA

Eliurus danieli NESO
M

YIDAE RO
DENTIA

Eliurus m
inor NESO

M
YIDAE RO

DENTIA
Eliurus m

yoxinus NESO
M

YIDAE RO
DENTIA

Eliurus webbi NESO
M

YIDAE RO
DENTIA

Eliurus ellerm
ani NESO

M
YIDAE RO

DENTIA

Eliurus tanala NESO
M

YIDAE RO
DENTIA

Eliurus m
ajori NESO

M
YIDAE RO

DENTIA

Eliurus penicillatus NESO
M

YIDAE RO
DENTIA

Eliurus carletoni NESO
M

YIDAE RO
DENTIA

Eliurus antsingy NESO
M

YIDAE RO
DENTIA

Voalavo gym
nocaudus NESO

M
YIDAE RO

DENTIA

Voalavo antsahabensis NESO
M

YIDAE RO
DENTIA

Eliurus petteri NESO
M

YIDAE RO
DENTIA

Eliurus grandidieri NESO
M

YIDAE RO
DENTIA

G
ym

nurom
ys roberti NESO

M
YIDAE RO

DENTIA

Prionom
ys batesi NESO

M
YIDAE RO

DENTIA
Brachytarsom

ys villosa NESO
M

YIDAE RO
DENTIA

Brachytarsom
ys albicauda NESO

M
YIDAE RO

DENTIA

M
onticolom

ys koopm
ani NESO

M
YIDAE RO

DENTIA
M

acrotarsom
ys bastardi NESO

M
YIDAE RO

DENTIA
Brachyurom

ys ram
irohitra NESO

M
YIDAE RO

DENTIA

Brachyurom
ys betsileoensis NESO

M
YIDAE RO

DENTIA
Nesom

ys audeberti NESO
M

YIDAE RO
DENTIA

Nesom
ys rufus NESO

M
YIDAE RO

DENTIA
Nesom

ys lam
bertoni NESO

M
YIDAE RO

DENTIA

Hypogeom
ys antim

ena NESO
M

YIDAE RO
DENTIA

M
acrotarsom

ys petteri NESO
M

YIDAE RO
DENTIA

M
acrotarsom

ys ingens NESO
M

YIDAE RO
DENTIA

Prom
etheom

ys schaposchnikowi CRICETIDAE RO
DENTIA Di
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ys ungava CRICETIDAE RO

DENTIA
Phenacom

ys interm
edius CRICETIDAE RO

DENTIA

Arborim
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o CRICETIDAE RO
DENTIA

Arborim
us longicaudus CRICETIDAE RO

DENTIA
Arborim

us albipes CRICETIDAE RO
DENTIA O
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URIDAE RODENTIA

Gerbillu
s o

cci
duus M

URIDAE RODENTIA

Gerbillu
s ta

rabuli M
URIDAE RODENTIA

Gerbillu
s g

leadow
i M

URIDAE RODENTIA

Gerbillu
s g

erbillu
s M

URIDAE RODENTIA

Gerbillu
s c

heesm
ani M

URIDAE RODENTIA

Gerbillu
s a

ctic
ola MURIDAE RODENTIA

Gerbillu
s fa

mulus M
URIDAE RODENTIA

Gerbillu
s s

tigmonyx
 MURIDAE RODENTIA

Gerbillu
s p

ulvin
atus M

URIDAE RODENTIA

Gerbillu
s g

robbeni M
URIDAE RODENTIA

Gerbillu
s p

erciv
ali M

URIDAE RODENTIA

Gerbillu
s ru

pico
la MURIDAE RODENTIA

Gerbillu
s m

uricu
lus M

URIDAE RODENTIA

Gerbillu
s c

ampestri
s M

URIDAE RODENTIA

Gerbillu
s d

asyu
rus M

URIDAE RODENTIA

Gerbillu
s s

imoni M
URIDAE RODENTIA

Ammodillu
s im

bellis
 MURIDAE RODENTIA

Sekeetamys 
calurus M

URIDAE RODENTIA

Micro
dillu

s p
eeli M

URIDAE RODENTIA

Tat
eri

llus
 pe

tte
ri M

URIDAE RODENTIA

Tat
eri

llus
 lac

ust
ris 

MURIDAE RODENTIA

Taterillu
s e

mini M
URIDAE RODENTIA

Tat
eri

llus
 gr

aci
lis 

MURIDAE RODENTIA

Tat
eri

llus
 py

ga
rgu

s M
URIDAE RODENTIA

Tat
eri

llus
 ar

en
ari

us 
MURIDAE RODENTIA

Tat
eri

llus
 co

ng
icu

s M
URIDAE RODENTIA

Tat
eri

llus
 tra

nie
ri M

URIDAE RODENTIA

Brac
hio

ne
s p

rze
wals

kii 
MURIDAE RODENTIA

Meri
on

es 
zar

ud
nyi

 M
URIDAE RODENTIA

Meri
on

es 
sac

ram
en

ti M
URIDAE RODENTIA

Meri
on

es 
vin

og
rad

ovi
 M

URIDAE RODENTIA

Rho
mbo

mys 
op

imus 
MURIDAE RODENTIA

Meri
on

es 
cra

ssu
s M

URIDAE RODENTIA

Meri
on

es 
rex

 M
URIDAE RODENTIA

Meri
on

es 
gra

nd
is M

URIDAE RODENTIA

Meri
on

es 
liby

cus
 M

URIDAE RODENTIA

Meri
on

es 
ari

maliu
s M

URIDAE RODENTIA

Meri
on

es 
un

gu
icu

latu
s M

URIDAE RODENTIA

Meri
on

es 
sha

wi M
URIDAE RODENTIA

Meri
on

es 
meri

dia
nu

s M
URIDAE RODENTIA

Meri
on

es 
da

hli 
MURIDAE RODENTIA

Meri
on

es 
che

ng
i M

URIDAE RODENTIA

Meri
on

es 
pe

rsic
us 

MURIDAE RODENTIA

Meri
on

es 
tris

tra
mi M

URIDAE RODENTIA

Psam
mom

ys 
vex

illa
ris 

MURIDAE RODENTIA

Psam
mom

ys 
ob

esu
s M

URIDAE RODENTIA

Meri
on

es 
tam

ari
sci

nu
s M

URIDAE RODENTIA

Meri
on

es 
hu

rria
na

e M
URIDAE RODENTIA

Uran
om

ys 
rud

di 
MURIDAE RODENTIA

Lo
ph

uro
mys 

rah
mi M

URIDAE RODENTIA

Lo
ph

uro
mys 

woo
sn

am
i M

URIDAE RODENTIA

Lo
ph

uro
mys 

med
ica

ud
atu

s M
URIDAE RODENTIA

Lo
ph

uro
mys 

sta
nle

yi M
URIDAE RODENTIA

Lo
ph

uro
mys 

kilo
nz

oi 
MURIDAE RODENTIA

Lo
ph

uro
mys 

sa
bu

nii 
MURIDAE RODENTIA

Lo
ph

uro
mys 

ch
rys

op
us

 M
URIDAE RODENTIA

Lo
ph

uro
mys 

mela
no

nyx
 M

URIDAE RODENTIA

Lo
ph

uro
mys 

bre
vic

au
du

s M
URIDAE RODENTIA

Lo
ph

uro
mys 

mak
un

dii 
MURIDAE RODENTIA

Lo
ph

uro
mys 

flav
op

un
cta

tus
 M

URIDAE RODENTIA

Lo
ph

uro
mys 

nu
dic

au
du

s M
URIDAE RODENTIA

Lo
ph

uro
mys 

mac
ha

ng
ui 

MURIDAE RODENTIA

Lo
ph

uro
mys 

hu
tte

rer
i M

URIDAE RODENTIA

Lo
ph

uro
mys 

cin
ere

us
 M

URIDAE RODENTIA

Lo
ph

uro
mys 

sik
ap

us
i M

URIDAE RODENTIA

Lo
ph

uro
mys 

ps
eu

do
sik

ap
us

i M
URIDAE RODENTIA

Lo
ph

uro
mys 

die
ter

len
i M

URIDAE RODENTIA

Lo
ph

uro
mys 

ros
eve

ari
 M

URIDAE RODENTIA

Lo
ph

uro
mys 

lut
eo

ga
ste

r M
URIDAE RODENTIA

Lo
ph

uro
mys 

ch
erc

he
ren

sis
 M

URIDAE RODENTIA

Lo
ph

uro
mys 

eis
en

tra
uti

 M
URIDAE RODENTIA

Lo
ph

uro
mys 

men
ag

es
ha

e M
URIDAE RODENTIA

Aco
mys 

rus
sa

tus
 M

URIDAE RODENTIA

Aco
mys 

se
ura

ti M
URIDAE RODENTIA

Aco
mys 

wilso
ni 

MURIDAE RODENTIA

Aco
mys 

pe
rci

va
li M

URIDAE RODENTIA

Aco
mys 

ign
itu

s M
URIDAE RODENTIA

Aco
mys 

air
en

sis
 M

URIDAE RODENTIA

Aco
mys 

cili
cic

us
 M

URIDAE RODENTIA

Aco
mys 

mino
us

 M
URIDAE RODENTIA

Aco
mys 

ne
sio

tes
 M

URIDAE RODENTIA

Aco
mys 

lou
isa

e M
URIDAE RODENTIA

Aco
mys 

ca
hir

inu
s M

URIDAE RODENTIA

Aco
mys 

dim
idia

tus
 M

URIDAE RODENTIA

Aco
mys 

joh
an

nis
 M

URIDAE RODENTIA

Aco
mys 

ng
uru

i M
URIDAE RODENTIA

Aco
mys 

ke
mpi 

MURIDAE RODENTIA

Aco
mys 

cin
era

ce
us

 M
URIDAE RODENTIA

Aco
mys 

mulla
h M

URIDAE RODENTIA

Aco
mys 

muz
ei 

MURIDAE RODENTIA

Aco
mys 

su
bs

pin
os

us
 M

URIDAE RODENTIA

Aco
mys 

sp
ino

sis
sim

us
 M

URIDAE RODENTIA

Deo
mys 

fer
rug

ine
us

 M
URIDAE RODENTIA

Le
im

ac
om

ys 
bu

ett
ne

ri M
URIDAE RODENTIA

Maxomys 
ochraceiventer M

URIDAE RODENTIA

Crunomys 
celebensis 

MURIDAE RODENTIA

Crunomys 
melanius M

URIDAE RODENTIA

Crunomys 
suncoides M

URIDAE RODENTIA

Crunomys 
fallax M

URIDAE RODENTIA

Maxomys 
mussc

henbroekii M
URIDAE RODENTIA

Maxomys 
whiteheadi M

URIDAE RODENTIA

Maxomys 
hylo

myoides M
URIDAE RODENTIA

Maxomys 
tajuddinii M

URIDAE RODENTIAMaxomys 
inflatus M

URIDAE RODENTIA

Maxomys 
baeodon MURIDAE RODENTIA

Maxomys 
inas M

URIDAE RODENTIA

Maxomys 
hellwaldii M

URIDAE RODENTIA

Maxomys 
dollm

ani M
URIDAE RODENTIA

Maxomys 
wattsi

 MURIDAE RODENTIA

Maxomys 
rajah MURIDAE RODENTIA

Maxomys 
pagensis 

MURIDAE RODENTIA

Maxomys 
panglim

a MURIDAE RODENTIA

Maxomys 
bartelsii 

MURIDAE RODENTIA

Maxomys 
moi M

URIDAE RODENTIA

Maxomys 
surife

r M
URIDAE RODENTIA

Maxomys 
altico

la MURIDAE RODENTIA

Srilankamys ohiensis MURIDAE RODENTIA

Vernaya fulva
 MURIDAE RODENTIA

Berylmys bowersi MURIDAE RODENTIA

Berylmys berdmorei MURIDAE RODENTIA

Berylmys manipulus MURIDAE RODENTIA

Berylmys mackenziei MURIDAE RODENTIA

Rattus arfakienis MURIDAE RODENTIA

Rattus nikenii M
URIDAE RODENTIA

Rattus timorensis MURIDAE RODENTIA

Bandicota savilei MURIDAE RODENTIA

Rattus ranjiniae MURIDAE RODENTIA

Rattus blangorum MURIDAE RODENTIA

Rattus elaphinus MURIDAE RODENTIA

Bandicota bengalensis MURIDAE RODENTIA

Nesokia indica MURIDAE RODENTIA

Nesokia bunnii M
URIDAE RODENTIA

Rattus arrogans MURIDAE RODENTIA

Rattus feliceus MURIDAE RODENTIA

Rattus everetti M
URIDAE RODENTIA

Rattus xanthurus MURIDAE RODENTIA

Rattus koopmani MURIDAE RODENTIA

Tarsomys echinatus MURIDAE RODENTIA

Tarsomys apoensis MURIDAE RODENTIA

Rattus annandalei MURIDAE RODENTIA

Limnomys sibuanus MURIDAE RODENTIA

Limnomys bryophilus MURIDAE RODENTIA

Rattus bontanus MURIDAE RODENTIA

Rattus burrus MURIDAE RODENTIA

Rattus morotaiensis MURIDAE RODENTIA

Rattus enganus MURIDAE RODENTIA

Rattus verecundus MURIDAE RODENTIA

Rattus mollicomulus MURIDAE RODENTIA

Rattus leucopus MURIDAE RODENTIA

Rattus hainaldi MURIDAE RODENTIA

Rattus pococki MURIDAE RODENTIA

Rattus salocco MURIDAE RODENTIA

Rattus giluwensis MURIDAE RODENTIA

Rattus palmarum MURIDAE RODENTIA

Rattus steini MURIDAE RODENTIA

Rattus novaeguineae MURIDAE RODENTIA

Rattus praetor MURIDAE RODENTIA

Rattus niobe MURIDAE RODENTIA

Rattus fuscipes MURIDAE RODENTIA
Rattus hoogerwerfi M

URIDAE RODENTIA

Rattus macleari M
URIDAE RODENTIA

Rattus tunneyi MURIDAE RODENTIA

Rattus lutreolus MURIDAE RODENTIA

Rattus sordidus MURIDAE RODENTIA

Rattus villosissimus MURIDAE RODENTIA

Rattus lugens MURIDAE RODENTIA

Rattus norvegicus MURIDAE RODENTIA

Rattus nitidus MURIDAE RODENTIA

Rattus richardsoni MURIDAE RODENTIA

Rattus montanus MURIDAE RODENTIARattus omichlodes MURIDAE RODENTIA

Rattus adustus MURIDAE RODENTIA

Rattus vandeuseni MURIDAE RODENTIA

Rattus korinchi MURIDAE RODENTIA

Rattus marmosurus MURIDAE RODENTIA

Diplothrix legata MURIDAE RODENTIA

Rattus tawitawiensis MURIDAE RODENTIA

Rattus satarae MURIDAE RODENTIA
Rattus colletti M

URIDAE RODENTIA

Rattus mindorensis MURIDAE RODENTIA

Rattus pyctoris MURIDAE RODENTIA

Rattus andamanensis MURIDAE RODENTIA

Rattus pelurus MURIDAE RODENTIA

Rattus tanezumi MURIDAE RODENTIA

Rattus nativitatis MURIDAE RODENTIA

Rattus hoffmanni MURIDAE RODENTIA

Rattus argentiventer MURIDAE RODENTIA

Rattus losea MURIDAE RODENTIA

Rattus tiomanicus MURIDAE RODENTIA

Rattus rattus MURIDAE RODENTIA

Rattus baluensis MURIDAE RODENTIA

Rattus mordax MURIDAE RODENTIA

Rattus exulans MURIDAE RODENTIA

Rattus simalurensis MURIDAE RODENTIA

Rattus jobiensis MURIDAE RODENTIA

Rattus stoicus MURIDAE RODENTIA

Sundamys infraluteus MURIDAE RODENTIA

Sundamys muelleri M
URIDAE RODENTIA

Sundamys maxi MURIDAE RODENTIA

Bandicota indica MURIDAE RODENTIA

Bullim
us luzonicus MURIDAE RODENTIA

Bullim
us gamay MURIDAE RODENTIA

Bullim
us bagobus MURIDAE RODENTIA

Taeromys celebensis MURIDAE RODENTIA

Taeromys arcuatus MURIDAE RODENTIA

Taeromys callitri
chus MURIDAE RODENTIA

Taeromys microbullatus MURIDAE RODENTIA

Taeromys punicans MURIDAE RODENTIA

Taeromys taerae MURIDAE RODENTIA

Taeromys hamatus MURIDAE RODENTIA

Paruromys dominator M
URIDAE RODENTIA

Bunomys andrewsi MURIDAE RODENTIA

Bunomys fratrorum MURIDAE RODENTIA

Bunomys coelestis MURIDAE RODENTIA

Bunomys chrysocomus MURIDAE RODENTIA

Bunomys karokophilus MURIDAE RODENTIA

Bunomys torajae MURIDAE RODENTIA

Bunomys penitus MURIDAE RODENTIA

Bunomys prolatus MURIDAE RODENTIA

Rattus osgoodi MURIDAE RODENTIA

Halmaheramys bokimekot MURIDAE RODENTIA

Leopoldamys s
iporanus M

URIDAE RODENTIA

Leopoldamys m
illeti M

URIDAE RODENTIA

Leopoldamys c
iliatus M

URIDAE RODENTIA

Leopoldamys n
eilli M

URIDAE RODENTIA

Leopoldamys e
dwardsi M

URIDAE RODENTIA

Leopoldamys s
abanus M

URIDAE RODENTIA

Dacnomys m
illardi M

URIDAE RODENTIA

Echiothrix 
leucura MURIDAE RODENTIA

Echiothrix 
centrosa MURIDAE RODENTIA

Niviventer excelsior M
URIDAE RODENTIA

Niviventer andersoni MURIDAE RODENTIA

Niviventer confucianus MURIDAE RODENTIA

Niviventer te
naster M

URIDAE RODENTIA

Niviventer brahma MURIDAE RODENTIA

Niviventer le
pturus MURIDAE RODENTIA

Niviventer eha MURIDAE RODENTIA

Niviventer cameroni MURIDAE RODENTIA

Niviventer fra
ternus MURIDAE RODENTIA

Niviventer coninga MURIDAE RODENTIA

Niviventer fu
lvescens MURIDAE RODENTIA

Niviventer culturatus MURIDAE RODENTIA

Niviventer ra
pit M

URIDAE RODENTIA

Niviventer niviventer M
URIDAE RODENTIA

Niviventer hinpoon MURIDAE RODENTIA

Niviventer cremorive
nter M

URIDAE RODENTIA

Chiromysc
us la

ngbianis M
URIDAE RODENTIA

Chiromyscus thomasi MURIDAE RODENTIA

Chiromysc
us ch

iropus M
URIDAE RODENTIA

Margaretamys b
ecca

rii M
URIDAE RODENTIA

Margaretamys c
hrist

inae MURIDAE RODENTIA

Margaretamys e
legans M

URIDAE RODENTIA

Margaretamys p
arvu

s M
URIDAE RODENTIA

Pithecheir parvus MURIDAE RODENTIA

Pithecheir melanurus MURIDAE RODENTIA

Diomys 
cru

mpi M
URIDAE RODENTIA

Nesoromys c
eramicus M

URIDAE RODENTIA

Tonkinomys d
aovantieni M

URIDAE RODENTIA

Saxatilomys p
aulinae MURIDAE RODENTIA

Hapalomys longicaudatus MURIDAE RODENTIA

Hapalomys delacouri MURIDAE RODENTIA

Paraleptomys w
ilhelmina MURIDAE RODENTIA

Paraleptomys r
ufilatus M

URIDAE RODENTIA

Sommeromys 
macro

rhinos M
URIDAE RODENTIA

Waiomys 
mamasae MURIDAE RODENTIA

Lenomys 
meyeri M

URIDAE RODENTIA

Melasm
othrix 

naso MURIDAE RODENTIA

Paucid
entomys 

vermidax M
URIDAE RODENTIA

Baiya
nkamys 

shawmaye
ri M

URIDAE RODENTIA

Baiya
nkamys 

habbema MURIDAE RODENTIA

Micro
mys 

minutus M
URIDAE RODENTIA

Apomys camiguinensis MURIDAE RODENTIA

Apomys hylocetes MURIDAE RODENTIA

Apomys insignis MURIDAE RODENTIA

Apomys musculus MURIDAE RODENTIA

Apomys microdon MURIDAE RODENTIA

Apomys gracilirostris MURIDAE RODENTIA

Apomys datae MURIDAE RODENTIA

Apomys abrae MURIDAE RODENTIA

Apomys minganensis MURIDAE RODENTIA

Apomys zambalensis MURIDAE RODENTIA

Apomys iridensis MURIDAE RODENTIA

Apomys aurorae MURIDAE RODENTIA

Apomys magnus MURIDAE RODENTIA

Apomys sierrae MURIDAE RODENTIA

Apomys litto
ralis MURIDAE RODENTIA

Apomys banahao MURIDAE RODENTIA

Apomys brownorum MURIDAE RODENTIA

Apomys sacobianus MURIDAE RODENTIA

Apomys lubangensis MURIDAE RODENTIA

Archboldomys maximus MURIDAE RODENTIA

Archboldomys luzonensis MURIDAE RODENTIA

Chrotomys silaceus MURIDAE RODENTIA

Chrotomys sibuyanensis MURIDAE RODENTIA

Chrotomys whiteheadi MURIDAE RODENTIA

Chrotomys mindorensis MURIDAE RODENTIA

Chrotomys gonzalesi MURIDAE RODENTIA

Soricomys leonardcoi MURIDAE RODENTIA

Soricomys musseri MURIDAE RODENTIA

Soricomys montanus MURIDAE RODENTIA

Soricomys kalinga MURIDAE RODENTIA

Rhynchomys tapulao MURIDAE RODENTIA

Rhynchomys soricoides MURIDAE RODENTIA

Rhynchomys isarogensis MURIDAE RODENTIA

Rhynchomys banahao MURIDAE RODENTIA

Xenuromys 
barbatus M

URIDAE RODENTIA

Hyomys goliath MURIDAE RODENTIA

Hyomys dammermani MURIDAE RODENTIA

Pogonomys sylvestris MURIDAE RODENTIA

Pogonomys macrourus MURIDAE RODENTIA

Pogonomys championi MURIDAE RODENTIA

Pogonomys fergussoniensis MURIDAE RODENTIA

Pogonomys loriae MURIDAE RODENTIA

Macruromys major MURIDAE RODENTIA

Macruromys elegans MURIDAE RODENTIA

Chiruromys vates MURIDAE RODENTIA

Chiruromys lamia MURIDAE RODENTIA

Chiruromys forbesi MURIDAE RODENTIA

Lorentzimys nouhuysi MURIDAE RODENTIA

Palawanomys f
urvu

s M
URIDAE RODENTIA

Mammelomys rattoides MURIDAE RODENTIA

Mammelomys lanosus MURIDAE RODENTIA

Coryp
homys 

buehleri M
URIDAE RODENTIA

Abeomelomys sevia MURIDAE RODENTIA

Mallomys rothschildi MURIDAE RODENTIA

Mallomys aroaensis MURIDAE RODENTIA

Mallomys istapantap MURIDAE RODENTIA

Mallomys gunung MURIDAE RODENTIA
Thamnomys venustus MURIDAE RODENTIA

Thamnomys kempi MURIDAE RODENTIA

Thamnomys schoutedeni MURIDAE RODENTIA

Pseudohydromys germani MURIDAE RODENTIA

Pseudohydromys sandrae MURIDAE RODENTIA

Pseudohydromys occidentalis MURIDAE RODENTIA

Pseudohydromys berniceae MURIDAE RODENTIA

Pseudohydromys fuscus MURIDAE RODENTIA

Pseudohydromys carlae MURIDAE RODENTIA

Pseudohydromys pumehanae MURIDAE RODENTIA

Pseudohydromys murinus MURIDAE RODENTIA

Pseudohydromys ellermani MURIDAE RODENTIA

Pseudohydromys musseri MURIDAE RODENTIA

Pseudohydromys eleanorae MURIDAE RODENTIA

Pseudohydromys patriciae MURIDAE RODENTIA

Komodomys rintjanus MURIDAE RODENTIA

Tryphomys adustus MURIDAE RODENTIA

Xeromys myoides MURIDAE RODENTIA

Anonymomys mindorensis MURIDAE RODENTIA

Kadarsa
nomys 

sodyi M
URIDAE RODENTIA

Leptomys elegans MURIDAE RODENTIA

Leptomys signatus MURIDAE RODENTIA

Leptomys ernstmayri MURIDAE RODENTIA

Hydromys chrysogaster MURIDAE RODENTIA

Hydromys hussoni MURIDAE RODENTIA

Hydromys ziegleri MURIDAE RODENTIA

Hydromys neobritannicus MURIDAE RODENTIA

Parahydromys asper MURIDAE RODENTIA

Lenothrix canus MURIDAE RODENTIA

Crossomys moncktoni MURIDAE RODENTIA

Uromys caudimaculatus MURIDAE RODENTIA

Uromys hadrourus MURIDAE RODENTIA

Uromys rex MURIDAE RODENTIA

Uromys anak MURIDAE RODENTIA
Uromys porculus MURIDAE RODENTIA

Uromys emmae MURIDAE RODENTIA
Uromys siebersi MURIDAE RODENTIA

Uromys neobritannicus MURIDAE RODENTIA

Uromys imperator MURIDAE RODENTIA

Uromys boeadii MURIDAE RODENTIA

Melomys fulgens MURIDAE RODENTIA

Melomys aerosus MURIDAE RODENTIA

Melomys arcium MURIDAE RODENTIA

Melomys caurinus MURIDAE RODENTIA

Melomys bougainville MURIDAE RODENTIA

Solomys sapientis MURIDAE RODENTIA

Solomys salebrosus MURIDAE RODENTIA

Solomys ponceleti MURIDAE RODENTIA

Solomys salamonis MURIDAE RODENTIA

Melomys capensis MURIDAE RODENTIA

Melomys lutillus MURIDAE RODENTIA

Melomys rubicola MURIDAE RODENTIA

Melomys frigicola MURIDAE RODENTIA

Melomys cervinipes MURIDAE RODENTIA

Melomys obiensis MURIDAE RODENTIA

Melomys howi MURIDAE RODENTIA

Melomys fraterculus MURIDAE RODENTIA

Melomys rufescens MURIDAE RODENTIA
Melomys bannisteri MURIDAE RODENTIA

Melomys leucogaster MURIDAE RODENTIA

Melomys cooperae MURIDAE RODENTIA
Melomys paveli MURIDAE RODENTIA

Melomys dollmani MURIDAE RODENTIAMelomys matambuai MURIDAE RODENTIA

Melomys talaudium MURIDAE RODENTIA

Melomys burtoni MURIDAE RODENTIA
Paramelomys naso MURIDAE RODENTIA

Paramelomys steini MURIDAE RODENTIA

Paramelomys lorentzii MURIDAE RODENTIA
Paramelomys platyops MURIDAE RODENTIA

Paramelomys rubex MURIDAE RODENTIA

Paramelomys gressitti MURIDAE RODENTIA

Paramelomys moncktoni MURIDAE RODENTIA

Paramelomys levipes MURIDAE RODENTIA

Paramelomys mollis MURIDAE RODENTIA

Leporillus conditor MURIDAE RODENTIA

Leporillus apicalis MURIDAE RODENTIA

Conilurus penicillatus MURIDAE RODENTIA

Conilurus albipes MURIDAE RODENTIA

Nilopegamys 
plumbeus M

URIDAE RODENTIA

Mesembriomys macrurus MURIDAE RODENTIA

Mesembriomys gouldii MURIDAE RODENTIA

Notomys alexis MURIDAE RODENTIA

Notomys longicaudatus MURIDAE RODENTIA

Notomys aquilo MURIDAE RODENTIANotomys mordax MURIDAE RODENTIA

Notomys cervinus MURIDAE RODENTIA

Notomys macrotis MURIDAE RODENTIA

Notomys mitchellii MURIDAE RODENTIA

Notomys amplus MURIDAE RODENTIA

Notomys fuscus MURIDAE RODENTIA

Pseudomys chapmani MURIDAE RODENTIA

Pseudomys desertor MURIDAE RODENTIA

Pseudomys occidentalis MURIDAE RODENTIA

Pseudomys hermannsburgensis MURIDAE RODENTIA

Pseudomys shortridgei MURIDAE RODENTIA

Pseudomys gracilicaudatus MURIDAE RODENTIA

Pseudomys higginsi MURIDAE RODENTIA

Pseudomys pilligaensis MURIDAE RODENTIA

Pseudomys calabyi MURIDAE RODENTIA

Pseudomys patrius MURIDAE RODENTIA

Pseudomys glaucus MURIDAE RODENTIA

Pseudomys oralis MURIDAE RODENTIA

Pseudomys delicatulus MURIDAE RODENTIA

Pseudomys bolami MURIDAE RODENTIA
Mastacomys fuscus MURIDAE RODENTIA

Pseudomys gouldii MURIDAE RODENTIA

Pseudomys fumeus MURIDAE RODENTIA

Pseudomys australis MURIDAE RODENTIA
Pseudomys apodemoides MURIDAE RODENTIA

Pseudomys fieldi MURIDAE RODENTIA

Pseudomys nanus MURIDAE RODENTIA

Pseudomys novaehollandiae MURIDAE RODENTIA

Pseudomys johnsoni MURIDAE RODENTIA

Pseudomys albocinereus MURIDAE RODENTIA

Zyzomys woodwardi MURIDAE RODENTIA

Zyzomys argurus MURIDAE RODENTIA

Zyzomys palatalis MURIDAE RODENTIA

Zyzomys maini MURIDAE RODENTIA

Zyzomys pedunculatus MURIDAE RODENTIA

Leggadina lakedownensis MURIDAE RODENTIA

Leggadina forresti MURIDAE RODENTIA

Tateomys rhinogradoides MURIDAE RODENTIA

Tateomys macrocercus MURIDAE RODENTIA

Protochromys fellowsi MURIDAE RODENTIA

Coccymys kirrhos MURIDAE RODENTIA

Coccymys albidens MURIDAE RODENTIA

Coccymys ruemmleri MURIDAE RODENTIA

Anisomys imitator MURIDAE RODENTIA

Chiropodomys major MURIDAE RODENTIA

Chiropodomys karlkoopmani MURIDAE RODENTIA

Chiropodomys muroides MURIDAE RODENTIA

Chiropodomys pusillus MURIDAE RODENTIA

Chiropodomys gliroides MURIDAE RODENTIA

Chiropodomys calamianensis MURIDAE RODENTIA

Mus pahari MURIDAE RODENTIA

Mus crociduroides MURIDAE RODENTIA

Malpaisomys insularis MURIDAE RODENTIA

Mus saxicola MURIDAE RODENTIA

Mus platythrix MURIDAE RODENTIA

Mus spretus MURIDAE RODENTIA

Mus macedonicus MURIDAE RODENTIA
Mus spicilegus MURIDAE RODENTIAMus cypriacus MURIDAE RODENTIAMus musculus MURIDAE RODENTIA

Mus famulus MURIDAE RODENTIAMus terricolor MURIDAE RODENTIAMus fernandoni MURIDAE RODENTIA

Mus booduga MURIDAE RODENTIA

Mus fragilicauda MURIDAE RODENTIA

Mus goundae MURIDAE RODENTIA

Mus caroli MURIDAE RODENTIA

Mus cookii MURIDAE RODENTIA

Mus setzeri MURIDAE RODENTIA

Mus cervicolor MURIDAE RODENTIA

Mus bufo MURIDAE RODENTIA

Mus setulosus MURIDAE RODENTIAMus mahomet MURIDAE RODENTIA

Mus mattheyi MURIDAE RODENTIAMus haussa MURIDAE RODENTIA

Mus vulcani MURIDAE RODENTIA

Mus tenellus MURIDAE RODENTIA

Mus phillipsi MURIDAE RODENTIA

Mus minutoides MURIDAE RODENTIAMus musculoides MURIDAE RODENTIAMus indutus MURIDAE RODENTIA

Mus neavei MURIDAE RODENTIAMus sorella MURIDAE RODENTIA

Mus orangiae MURIDAE RODENTIA

Mus shortridgei MURIDAE RODENTIA

Mus baoulei MURIDAE RODENTIA

Muriculus imberbis MURIDAE RODENTIA

Mus callewaerti MURIDAE RODENTIA
Mus mayori MURIDAE RODENTIA

Mus triton MURIDAE RODENTIAMus oubanguii MURIDAE RODENTIA

Mastomys pernanus MURIDAE RODENTIA

Praomys delectorum MURIDAE RODENTIA

Hylomyscus alleni MURIDAE RODENTIA
Hylomyscus pamfi MURIDAE RODENTIA
Hylomyscus walterverheyeni MURIDAE RODENTIAHylomyscus stella MURIDAE RODENTIA

Hylomyscus parvus MURIDAE RODENTIA
Hylomyscus anselli MURIDAE RODENTIA
Hylomyscus arcimontensis MURIDAE RODENTIA
Hylomyscus kerbispeterhansi MURIDAE RODENTIA

Hylomyscus aeta MURIDAE RODENTIAHylomyscus grandis MURIDAE RODENTIAHylomyscus baeri MURIDAE RODENTIAHeimyscus fumosus MURIDAE RODENTIAHylomyscus denniae MURIDAE RODENTIAHylomyscus vulcanorum MURIDAE RODENTIAHylomyscus endorobae MURIDAE RODENTIA

Hylomyscus carillus MURIDAE RODENTIA

Praomys rostratus MURIDAE RODENTIA

Myomyscus angolensis MURIDAE RODENTIA

Praomys obscurus MURIDAE RODENTIAPraomys hartwigi MURIDAE RODENTIAPraomys petteri MURIDAE RODENTIAPraomys coetzeei MURIDAE RODENTIAPraomys morio MURIDAE RODENTIA

Praomys tullbergi MURIDAE RODENTIAPraomys misonnei MURIDAE RODENTIA
Praomys daltoni MURIDAE RODENTIA
Praomys derooi MURIDAE RODENTIA

Praomys degraaffi MURIDAE RODENTIA
Praomys mutoni MURIDAE RODENTIA

Praomys minor MURIDAE RODENTIA

Mastomys shortridgei MURIDAE RODENTIA

Praomys jacksoni MURIDAE RODENTIA

Myomyscus brockmani MURIDAE RODENTIA

Mastomys awashensis MURIDAE RODENTIA
Mastomys natalensis MURIDAE RODENTIA
Mastomys erythroleucus MURIDAE RODENTIA
Mastomys coucha MURIDAE RODENTIA
Mastomys huberti MURIDAE RODENTIA
Mastomys kollmannspergeri MURIDAE RODENTIA
Stenocephalemys ruppi MURIDAE RODENTIA

Stenocephalemys albocaudata MURIDAE RODENTIA
Stenocephalemys albipes MURIDAE RODENTIA
Stenocephalemys griseicauda MURIDAE RODENTIA
Myomyscus yemeni MURIDAE RODENTIA

Praomys verschureni MURIDAE RODENTIAPraomys lukolelae MURIDAE RODENTIA

Myomyscus verreauxii MURIDAE RODENTIA

Zelotomys woosnami MURIDAE RODENTIAZelotomys hildegardeae MURIDAE RODENTIAColomys goslingi MURIDAE RODENTIA

Apodemus speciosus MURIDAE RODENTIA

Apodemus peninsulae MURIDAE RODENTIA

Apodemus agrarius MURIDAE RODENTIA

Apodemus chevrieri MURIDAE RODENTIA

Apodemus latronum MURIDAE RODENTIA

Apodemus rusiges MURIDAE RODENTIA
Apodemus draco MURIDAE RODENTIA

Apodemus semotus MURIDAE RODENTIA

Apodemus witherbyi MURIDAE RODENTIA

Apodemus alpicola MURIDAE RODENTIA

Apodemus uralensis MURIDAE RODENTIA
Apodemus pallipes MURIDAE RODENTIA

Apodemus sylvaticus MURIDAE RODENTIA

Apodemus flavicollis MURIDAE RODENTIA

Apodemus ponticus MURIDAE RODENTIA

Apodemus mystacinus MURIDAE RODENTIA

Apodemus hyrcanicus MURIDAE RODENTIA

Apodemus epimelas MURIDAE RODENTIA
Apodemus gurkha MURIDAE RODENTIA
Apodemus argenteus MURIDAE RODENTIA

Tokudaia tokunoshimensis MURIDAE RODENTIA
Tokudaia osimensis MURIDAE RODENTIA
Tokudaia muenninki MURIDAE RODENTIA
Malacomys longipes MURIDAE RODENTIA
Malacomys edwardsi MURIDAE RODENTIA
Malacomys cansdalei MURIDAE RODENTIA

Parotomys littledalei MURIDAE RODENTIA

Otomys unisulcatus MURIDAE RODENTIA

Otomys sloggetti MURIDAE RODENTIA

Otomys lacustris MURIDAE RODENTIA

Otomys thomasi MURIDAE RODENTIA

Otomys anchietae MURIDAE RODENTIA

Otomys denti MURIDAE RODENTIA

Otomys typus MURIDAE RODENTIA

Otomys fortior MURIDAE RODENTIA

Otomys helleri MURIDAE RODENTIA

Otomys occidentalis MURIDAE RODENTIA

Otomys burtoni MURIDAE RODENTIA

Otomys cheesmani MURIDAE RODENTIA

Otomys tropicalis MURIDAE RODENTIA

Otomys orestes MURIDAE RODENTIA

Otomys jacksoni MURIDAE RODENTIA

Otomys simiensis MURIDAE RODENTIA

Otomys yaldeni MURIDAE RODENTIA

Otomys cuanzensis MURIDAE RODENTIA

Otomys zinki MURIDAE RODENTIA

Otomys dartmouthi MURIDAE RODENTIA

Otomys angoniensis MURIDAE RODENTIA

Otomys uzungwensis MURIDAE RODENTIA

Otomys irroratus MURIDAE RODENTIA

Otomys laminatus MURIDAE RODENTIA

Otomys karoensis MURIDAE RODENTIA

Otomys barbouri MURIDAE RODENTIA

Parotomys brantsii MURIDAE RODENTIA

Aethomys stannarius MURIDAE RODENTIA

Aethomys silindensis MURIDAE RODENTIA
Aethomys thomasi MURIDAE RODENTIA

Dephomys defua MURIDAE RODENTIA

Aethomys ineptus MURIDAE RODENTIAAethomys hindei MURIDAE RODENTIA

Aethomys granti MURIDAE RODENTIA

Aethomys chrysophilus MURIDAE RODENTIA

Aethomys kaiseri MURIDAE RODENTIA

Aethomys nyikae MURIDAE RODENTIA

Aethomys namaquensis MURIDAE RODENTIA

Aethomys bocagei MURIDAE RODENTIA

Grammomys minnae MURIDAE RODENTIA

Grammomys aridulus MURIDAE RODENTIA

Grammomys kuru MURIDAE RODENTIA

Grammomys gigas MURIDAE RODENTIA

Grammomys caniceps MURIDAE RODENTIA
Grammomys macmillani MURIDAE RODENTIA

Grammomys cometes MURIDAE RODENTIA

Grammomys ibeanus MURIDAE RODENTIA

Grammomys buntingi MURIDAE RODENTIA
Thallomys nigricauda MURIDAE RODENTIA
Thallomys shortridgei MURIDAE RODENTIA

Thallomys paedulcus MURIDAE RODENTIA
Thallomys loringi MURIDAE RODENTIA
Grammomys dolichurus MURIDAE RODENTIA

Grammomys dryas MURIDAE RODENTIA

Grammomys selousi MURIDAE RODENTIA

Paulamys naso MURIDAE RODENTIA

Eropeplus canus MURIDAE RODENTIA

Mylomys rex MURIDAE RODENTIA
Mylomys dybowskii MURIDAE RODENTIA

Pithecheirops otion MURIDAE RODENTIA

Pelomys campanae MURIDAE RODENTIA

Pelomys hopkinsi MURIDAE RODENTIA
Pelomys fallax MURIDAE RODENTIA

Pelomys minor MURIDAE RODENTIAPelomys isseli MURIDAE RODENTIA

Haeromys 
pusillu
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URIDAE RODENTIA

Haeromys 
minahassa

e MURIDAE RODENTIA

Haeromys 
margarettae MURIDAE RODENTIA

Rhabdomys pumilio MURIDAE RODENTIA

Madromys blanfordi MURIDAE RODENTIA

Lamottemys okuensis MURIDAE RODENTIA

Mirza
mys n

orahae MURIDAE RODENTIA

Mirza
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ouiseae MURIDAE RODENTIA

Lemniscomys griselda MURIDAE RODENTIA

Lemniscomys striatus MURIDAE RODENTIA

Lemniscomys barbarus MURIDAE RODENTIA
Lemniscomys linulus MURIDAE RODENTIA

Lemniscomys zebra MURIDAE RODENTIA

Lemniscomys mittendorfi MURIDAE RODENTIA

Lemniscomys hoogstraali MURIDAE RODENTIA

Lemniscomys roseveari MURIDAE RODENTIA

Lemniscomys rosalia MURIDAE RODENTIA

Lemniscomys macculus MURIDAE RODENTIA

Lemniscomys bellieri MURIDAE RODENTIA

Arvicanthis blicki MURIDAE RODENTIA

Arvicanthis rufinus MURIDAE RODENTIA
Arvicanthis ansorgei MURIDAE RODENTIA

Arvicanthis nairobae MURIDAE RODENTIAArvicanthis neumanni MURIDAE RODENTIA

Arvicanthis niloticus MURIDAE RODENTIA
Arvicanthis abyssinicus MURIDAE RODENTIA

Desmomys yaldeni MURIDAE RODENTIA

Desmomys harringtoni MURIDAE RODENTIA

Dasymys foxi MURIDAE RODENTIADasymys rufulus MURIDAE RODENTIA

Dasymys montanus MURIDAE RODENTIA

Dasymys incomtus MURIDAE RODENTIA

Dasymys nudipes MURIDAE RODENTIA

Stochomys longicaudatus MURIDAE RODENTIA

Hybomys trivirgatus MURIDAE RODENTIA

Hybomys badius MURIDAE RODENTIA

Hybomys planifrons MURIDAE RODENTIA

Hybomys univittatus MURIDAE RODENTIAHybomys lunaris MURIDAE RODENTIA

Hybomys basilii MURIDAE RODENTIAOenomys ornatus MURIDAE RODENTIA

Oenomys hypoxanthus MURIDAE RODENTIA

Abditomys latidens MURIDAE RODENTIA

Golunda ellioti MURIDAE RODENTIA

Papagomys armandvillei MURIDAE RODENTIA

Pogonomelomys mayeri MURIDAE RODENTIA

Pogonomelomys brassi MURIDAE RODENTIA

Pogonomelomys bruijnii MURIDAE RODENTIA

Millardia meltada MURIDAE RODENTIA

Millardia gleadowi MURIDAE RODENTIA

Millardia kathleenae MURIDAE RODENTIA

Millardia kondana MURIDAE RODENTIACremnomys elvira MURIDAE RODENTIA

Cremnomys cutchicus MURIDAE RODENTIA

Microhydromys richardsoni MURIDAE RODENTIA

Microhydromys argenteus MURIDAE RODENTIA

Hadromys yunnanensis MURIDAE RODENTIA

Hadromys humei MURIDAE RODENTIA

Phloeomys 
pallid

us M
URIDAE RODENTIA

Phloeomys 
cumingi M

URIDAE RODENTIA

Vandeleuria nilagirica MURIDAE RODENTIA

Vandeleuria nolthenii MURIDAE RODENTIA

Vandeleuria oleracea MURIDAE RODENTIA

Batomys 
russa

tus M
URIDAE RODENTIA
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salomonseni M

URIDAE RODENTIA
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URIDAE RODENTIA
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M

YIDAE RO
DENTIA

Chaetodipus erem
icus HETERO

M
YIDAE RO

DENTIA

Chaetodipus penicillatus HETERO
M

YIDAE RO
DENTIA

Chaetodipus lineatus HETERO
M

YIDAE RO
DENTIA

Chaetodipus interm
edius HETERO

M
YIDAE RO

DENTIA

Chaetodipus nelsoni HETERO
M

YIDAE RO
DENTIA

Chaetodipus goldm
ani HETERO

M
YIDAE RO

DENTIA

Chaetodipus artus HETERO
M

YIDAE RO
DENTIA

Chaetodipus hispidus HETERO
M

YIDAE RO
DENTIA

Chaetodipus form
osus HETERO

M
YIDAE RO

DENTIA

Chaetodipus baileyi HETERO
M

YIDAE RO
DENTIA

Chaetodipus rudinoris HETERO
M

YIDAE RO
DENTIA

Castor fiber CASTO
RIDAE RO

DENTIA

Castor canadensis CASTO
RIDAE RO

DENTIA

Pedetes surdaster PEDETIDAE RO
DENTIA

Pedetes capensis PEDETIDAE RO
DENTIA

Zenkerella insignis ANO
M

ALURIDAE RO
DENTIA

Idiurus zenkeri ANO
M

ALURIDAE RO
DENTIA

Idiurus m
acrotis ANO

M
ALURIDAE RO

DENTIA

Anom
alurus derbianus ANO

M
ALURIDAE RO

DENTIA

Anom
alurus beecrofti ANO

M
ALURIDAE RO

DENTIA

Anom
alurus pelii ANO

M
ALURIDAE RO

DENTIA

Anom
alurus pusillus ANO

M
ALURIDAE RO

DENTIA

Rhyncholestes raphanurus CAENOLESTIDAE PAUCITUBERCULATALestoros inca CAENOLESTIDAE PAUCITUBERCULATA
Caenolestes fuliginosus CAENOLESTIDAE PAUCITUBERCULATA
Caenolestes sangay CAENOLESTIDAE PAUCITUBERCULATACaenolestes caniventer CAENOLESTIDAE PAUCITUBERCULATACaenolestes condorensis CAENOLESTIDAE PAUCITUBERCULATA

Caenolestes convelatus CAENOLESTIDAE PAUCITUBERCULATA

Glironia venusta DIDELPHIDAE DIDELPHIMORPHIAHyladelphys kalinowskii DIDELPHIDAE DIDELPHIMORPHIATlacuatzin canescens DIDELPHIDAE DIDELPHIMORPHIA

Marmosa andersoni DIDELPHIDAE DIDELPHIMORPHIAMarmosa lepida DIDELPHIDAE DIDELPHIMORPHIA

Marmosa regina DIDELPHIDAE DIDELPHIMORPHIA
Marmosa constantiae DIDELPHIDAE DIDELPHIMORPHIA
Marmosa alstoni DIDELPHIDAE DIDELPHIMORPHIAMarmosa demerarae DIDELPHIDAE DIDELPHIMORPHIA

Marmosa paraguayanus DIDELPHIDAE DIDELPHIMORPHIA

Marmosa tyleriana DIDELPHIDAE DIDELPHIMORPHIAMarmosa murina DIDELPHIDAE DIDELPHIMORPHIA

Marmosa xerophila DIDELPHIDAE DIDELPHIMORPHIA
Marmosa mexicana DIDELPHIDAE DIDELPHIMORPHIA
Marmosa robinsoni DIDELPHIDAE DIDELPHIMORPHIA
Marmosa quichua DIDELPHIDAE DIDELPHIMORPHIA

Marmosa rubra DIDELPHIDAE DIDELPHIMORPHIA

Marmosa phaea DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis emiliae DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis kunsi DIDELPHIDAE DIDELPHIMORPHIAMonodelphis reigi DIDELPHIDAE DIDELPHIMORPHIA
Monodelphis adusta DIDELPHIDAE DIDELPHIMORPHIAMonodelphis peruviana DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis handleyi DIDELPHIDAE DIDELPHIMORPHIAMonodelphis osgoodi DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis maraxina DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis ronaldi DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis domestica DIDELPHIDAE DIDELPHIMORPHIAMonodelphis glirina DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis sanctaerosae DIDELPHIDAE DIDELPHIMORPHIA
Monodelphis palliolata DIDELPHIDAE DIDELPHIMORPHIA
Monodelphis brevicaudata DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis arlindoi DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis scalops DIDELPHIDAE DIDELPHIMORPHIA
Monodelphis theresa DIDELPHIDAE DIDELPHIMORPHIA
Monodelphis rubida DIDELPHIDAE DIDELPHIMORPHIA
Monodelphis dimidiata DIDELPHIDAE DIDELPHIMORPHIAMonodelphis gardneri DIDELPHIDAE DIDELPHIMORPHIAMonodelphis umbristriatus DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis unistriatus DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis americana DIDELPHIDAE DIDELPHIMORPHIA

Monodelphis iheringi DIDELPHIDAE DIDELPHIMORPHIA

Marmosops fuscatus DIDELPHIDAE DIDELPHIMORPHIA

Marmosops invictus DIDELPHIDAE DIDELPHIMORPHIA

Marmosops paulensis DIDELPHIDAE DIDELPHIMORPHIA

Marmosops juninensis DIDELPHIDAE DIDELPHIMORPHIA

Marmosops handleyi DIDELPHIDAE DIDELPHIMORPHIA

Marmosops incanus DIDELPHIDAE DIDELPHIMORPHIA

Marmosops impavidus DIDELPHIDAE DIDELPHIMORPHIA

Marmosops noctivagus DIDELPHIDAE DIDELPHIMORPHIA

Marmosops ocellatus DIDELPHIDAE DIDELPHIMORPHIA

Marmosops pinheiroi DIDELPHIDAE DIDELPHIMORPHIA

Marmosops cracens DIDELPHIDAE DIDELPHIMORPHIA

Marmosops pakaraimae DIDELPHIDAE DIDELPHIMORPHIA
Marmosops creightoni DIDELPHIDAE DIDELPHIMORPHIA

Marmosops bishopi DIDELPHIDAE DIDELPHIMORPHIAMarmosops neblina DIDELPHIDAE DIDELPHIMORPHIA

Marmosops parvidens DIDELPHIDAE DIDELPHIMORPHIA

Gracilinanus aceramarcae DIDELPHIDAE DIDELPHIMORPHIA
Gracilinanus dryas DIDELPHIDAE DIDELPHIMORPHIA

Gracilinanus agilis DIDELPHIDAE DIDELPHIMORPHIA

Gracilinanus peruanus DIDELPHIDAE DIDELPHIMORPHIA

Gracilinanus microtarsus DIDELPHIDAE DIDELPHIMORPHIA

Gracilinanus emiliae DIDELPHIDAE DIDELPHIMORPHIA

Gracilinanus marica DIDELPHIDAE DIDELPHIMORPHIA

Thylamys tatei DIDELPHIDAE DIDELPHIMORPHIA
Thylamys elegans DIDELPHIDAE DIDELPHIMORPHIA

Thylamys pallidior DIDELPHIDAE DIDELPHIMORPHIA

Thylamys citellus DIDELPHIDAE DIDELPHIMORPHIA
Thylamys pulchellus DIDELPHIDAE DIDELPHIMORPHIA

Thylamys pusillus DIDELPHIDAE DIDELPHIMORPHIA

Thylamys macrurus DIDELPHIDAE DIDELPHIMORPHIA
Thylamys cinderella DIDELPHIDAE DIDELPHIMORPHIA

Thylamys sponsorius DIDELPHIDAE DIDELPHIMORPHIA

Thylamys fenestrae DIDELPHIDAE DIDELPHIMORPHIA
Thylamys venustus DIDELPHIDAE DIDELPHIMORPHIA

Thylamys karimii DIDELPHIDAE DIDELPHIMORPHIA
Thylamys velutinus DIDELPHIDAE DIDELPHIMORPHIA

Lestodelphys halli DIDELPHIDAE DIDELPHIMORPHIA

Chacodelphys formosa DIDELPHIDAE DIDELPHIMORPHIA

Cryptonanus unduaviensis DIDELPHIDAE DIDELPHIMORPHIA
Cryptonanus agricolai DIDELPHIDAE DIDELPHIMORPHIA
Cryptonanus chacoensis DIDELPHIDAE DIDELPHIMORPHIA

Cryptonanus ignitus DIDELPHIDAE DIDELPHIMORPHIA

Cryptonanus guahybae DIDELPHIDAE DIDELPHIMORPHIA

Metachirus nudicaudatus DIDELPHIDAE DIDELPHIMORPHIALutreolina massoia DIDELPHIDAE DIDELPHIMORPHIA

Lutreolina crassicaudata DIDELPHIDAE DIDELPHIMORPHIADidelphis virginiana DIDELPHIDAE DIDELPHIMORPHIADidelphis marsupialis DIDELPHIDAE DIDELPHIMORPHIA

Didelphis aurita DIDELPHIDAE DIDELPHIMORPHIADidelphis pernigra DIDELPHIDAE DIDELPHIMORPHIADidelphis imperfecta DIDELPHIDAE DIDELPHIMORPHIA

Didelphis albiventris DIDELPHIDAE DIDELPHIMORPHIA

Philander mondolfii DIDELPHIDAE DIDELPHIMORPHIA

Philander olrogi DIDELPHIDAE DIDELPHIMORPHIAPhilander opossum DIDELPHIDAE DIDELPHIMORPHIA

Philander deltae DIDELPHIDAE DIDELPHIMORPHIA
Philander mcilhennyi DIDELPHIDAE DIDELPHIMORPHIA

Philander andersoni DIDELPHIDAE DIDELPHIMORPHIA

Philander frenatus DIDELPHIDAE DIDELPHIMORPHIA

Chironectes minimus DIDELPHIDAE DIDELPHIMORPHIA

Caluromys philander DIDELPHIDAE DIDELPHIMORPHIA
Caluromys lanatus DIDELPHIDAE DIDELPHIMORPHIA
Caluromys derbianus DIDELPHIDAE DIDELPHIMORPHIA

Caluromysiops irrupta DIDELPHIDAE DIDELPHIMORPHIA

Dromiciops gliroides MICROBIOTHERIIDAE MICROBIOTHERIA

Notoryctes typhlops NOTORYCTIDAE NOTORYCTEMORPHIA

Notoryctes caurinus NOTORYCTIDAE NOTORYCTEMORPHIA
Macrotis leucura THYLACOMYIDAE PERAMELEMORPHIA

Macrotis lagotis THYLACOMYIDAE PERAMELEMORPHIA
Rhynchomeles prattorum PERAMELIDAE PERAMELEMORPHIA

Isoodon macrourus PERAMELIDAE PERAMELEMORPHIA
Isoodon obesulus PERAMELIDAE PERAMELEMORPHIA

Isoodon auratus PERAMELIDAE PERAMELEMORPHIAPerameles gunnii PERAMELIDAE PERAMELEMORPHIA

Perameles nasuta PERAMELIDAE PERAMELEMORPHIA

Perameles bougainville PERAMELIDAE PERAMELEMORPHIA

Perameles eremiana PERAMELIDAE PERAMELEMORPHIA
Peroryctes raffrayana PERAMELIDAE PERAMELEMORPHIA

Peroryctes broadbenti PERAMELIDAE PERAMELEMORPHIA

Echymipera clara PERAMELIDAE PERAMELEMORPHIA

Echymipera kalubu PERAMELIDAE PERAMELEMORPHIA

Echymipera rufescens PERAMELIDAE PERAMELEMORPHIA
Echymipera echinista PERAMELIDAE PERAMELEMORPHIA

Echymipera davidi PERAMELIDAE PERAMELEMORPHIA

Microperoryctes longicauda PERAMELIDAE PERAMELEMORPHIA

Microperoryctes papuensis PERAMELIDAE PERAMELEMORPHIA

Microperoryctes murina PERAMELIDAE PERAMELEMORPHIA

Microperoryctes aplini PERAMELIDAE PERAMELEMORPHIA

Myrmecobius fasciatus MYRMECOBIIDAE DASYUROMORPHIA

Murexia melanurus DASYURIDAE DASYUROMORPHIA

Murexia naso DASYURIDAE DASYUROMORPHIA

Murexia longicaudata DASYURIDAE DASYUROMORPHIA

Murexia rothschildi DASYURIDAE DASYUROMORPHIA

Murexia habbema DASYURIDAE DASYUROMORPHIA

Phascogale calura DASYURIDAE DASYUROMORPHIA

Phascogale pirata DASYURIDAE DASYUROMORPHIA

Phascogale tapoatafa DASYURIDAE DASYUROMORPHIA

Antechinus adustus DASYURIDAE DASYUROMORPHIA

Antechinus leo DASYURIDAE DASYUROMORPHIA

Antechinus flavipes DASYURIDAE DASYUROMORPHIA

Antechinus arktos DASYURIDAE DASYUROMORPHIA

Antechinus bellus DASYURIDAE DASYUROMORPHIA

Antechinus godmani DASYURIDAE DASYUROMORPHIA

Antechinus argentus DASYURIDAE DASYUROMORPHIA

Antechinus agilis DASYURIDAE DASYUROMORPHIA

Antechinus subtropicus DASYURIDAE DASYUROMORPHIA

Antechinus minimus DASYURIDAE DASYUROMORPHIA

Antechinus swainsonii DASYURIDAE DASYUROMORPHIAAntechinus mysticus DASYURIDAE DASYUROMORPHIA

Antechinus vandycki DASYURIDAE DASYUROMORPHIA

Antechinus stuartii DASYURIDAE DASYUROMORPHIA

Pseudantechinus woolleyae DASYURIDAE DASYUROMORPHIA

Pseudantechinus roryi DASYURIDAE DASYUROMORPHIA

Pseudantechinus mimulus DASYURIDAE DASYUROMORPHIA

Pseudantechinus macdonnellensis DASYURIDAE DASYUROMORPHIA

Pseudantechinus bilarni DASYURIDAE DASYUROMORPHIA

Phascolosorex dorsalis DASYURIDAE DASYUROMORPHIA

Phascolosorex doriae DASYURIDAE DASYUROMORPHIA

Neophascogale lorentzii DASYURIDAE DASYUROMORPHIA

Dasyurus hallucatus DASYURIDAE DASYUROMORPHIA

Sarcophilus harrisii DASYURIDAE DASYUROMORPHIA

Dasyurus maculatus DASYURIDAE DASYUROMORPHIA

Dasyurus viverrinus DASYURIDAE DASYUROMORPHIA

Dasyurus spartacus DASYURIDAE DASYUROMORPHIA

Dasyurus geoffroii DASYURIDAE DASYUROMORPHIA

Dasyurus albopunctatus DASYURIDAE DASYUROMORPHIA

Parantechinus apicalis DASYURIDAE DASYUROMORPHIA

Pseudantechinus ningbing DASYURIDAE DASYUROMORPHIA

Myoictis wallacei DASYURIDAE DASYUROMORPHIA

Myoictis wavicus DASYURIDAE DASYUROMORPHIA

Myoictis melas DASYURIDAE DASYUROMORPHIA

Myoictis leucura DASYURIDAE DASYUROMORPHIA

Dasyuroides byrnei DASYURIDAE DASYUROMORPHIA

Dasykaluta rosamondae DASYURIDAE DASYUROMORPHIA

Dasycercus cristicauda DASYURIDAE DASYUROMORPHIA

Dasycercus blythi DASYURIDAE DASYUROMORPHIA

Ningaui yvonneae DASYURIDAE DASYUROMORPHIA

Ningaui timealeyi DASYURIDAE DASYUROMORPHIA

Ningaui ridei DASYURIDAE DASYUROMORPHIA

Sminthopsis crassicaudata DASYURIDAE DASYUROMORPHIA

Sminthopsis douglasi DASYURIDAE DASYUROMORPHIA

Sminthopsis macroura DASYURIDAE DASYUROMORPHIA

Sminthopsis virginiae DASYURIDAE DASYUROMORPHIA

Sminthopsis longicaudata DASYURIDAE DASYUROMORPHIASminthopsis dolichura DASYURIDAE DASYUROMORPHIA

Sminthopsis leucopus DASYURIDAE DASYUROMORPHIA

Sminthopsis gilberti DASYURIDAE DASYUROMORPHIA

Sminthopsis murina DASYURIDAE DASYUROMORPHIA

Sminthopsis archeri DASYURIDAE DASYUROMORPHIA

Sminthopsis butleri DASYURIDAE DASYUROMORPHIA

Sminthopsis bindi DASYURIDAE DASYUROMORPHIA

Sminthopsis aitkeni DASYURIDAE DASYUROMORPHIA

Sminthopsis griseoventer DASYURIDAE DASYUROMORPHIA

Sminthopsis fuliginosus DASYURIDAE DASYUROMORPHIA

Sminthopsis hirtipes DASYURIDAE DASYUROMORPHIA

Sminthopsis granulipes DASYURIDAE DASYUROMORPHIA

Sminthopsis psammophila DASYURIDAE DASYUROMORPHIA

Chaeropus ecaudatus CHAEROPODIDAE PERAMELEMORPHIA

Sminthopsis ooldea DASYURIDAE DASYUROMORPHIA

Sminthopsis youngsoni DASYURIDAE DASYUROMORPHIA

Antechinomys laniger DASYURIDAE DASYUROMORPHIA

Planigale ingrami DASYURIDAE DASYUROMORPHIA

Planigale novaeguineae DASYURIDAE DASYUROMORPHIA

Planigale tenuirostris DASYURIDAE DASYUROMORPHIA

Planigale gilesi DASYURIDAE DASYUROMORPHIA

Planigale maculata DASYURIDAE DASYUROMORPHIA

Thylacinus cynocephalus THYLACINIDAE DASYUROMORPHIA

Phascolarctos cinereus PHASCOLARCTIDAE DIPROTODONTIA

Vombatus ursinus VOMBATIDAE DIPROTODONTIA

Lasiorhinus latifrons VOMBATIDAE DIPROTODONTIA

Lasiorhinus krefftii VOMBATIDAE DIPROTODONTIA

Cercartetus nanus BURRAMYIDAE DIPROTODONTIA

Cercartetus lepidus BURRAMYIDAE DIPROTODONTIA

Cercartetus concinnus BURRAMYIDAE DIPROTODONTIA

Cercartetus caudatus BURRAMYIDAE DIPROTODONTIA

Burramys parvus BURRAMYIDAE DIPROTODONTIA
Wyulda squamicaudata PHALANGERIDAE DIPROTODONTIA

Trichosurus vulpecula PHALANGERIDAE DIPROTODONTIA

Trichosurus caninus PHALANGERIDAE DIPROTODONTIA

Trichosurus cunninghami PHALANGERIDAE DIPROTODONTIA

Spilocuscus kraemeri PHALANGERIDAE DIPROTODONTIA

Spilocuscus wilsoni PHALANGERIDAE DIPROTODONTIA

Spilocuscus papuensis PHALANGERIDAE DIPROTODONTIA

Spilocuscus maculatus PHALANGERIDAE DIPROTODONTIA

Spilocuscus rufoniger PHALANGERIDAE DIPROTODONTIA

Strigocuscus pelengensis PHALANGERIDAE DIPROTODONTIA

Phalanger gymnotis PHALANGERIDAE DIPROTODONTIA

Phalanger lullulae PHALANGERIDAE DIPROTODONTIA
Phalanger rothschildi PHALANGERIDAE DIPROTODONTIA

Phalanger alexandrae PHALANGERIDAE DIPROTODONTIA
Phalanger matanim PHALANGERIDAE DIPROTODONTIA

Phalanger matabiru PHALANGERIDAE DIPROTODONTIA

Phalanger mimicus PHALANGERIDAE DIPROTODONTIA

Phalanger vestitus PHALANGERIDAE DIPROTODONTIA

Phalanger orientalis PHALANGERIDAE DIPROTODONTIA

Phalanger carmelitae PHALANGERIDAE DIPROTODONTIA

Phalanger intercastellanus PHALANGERIDAE DIPROTODONTIA

Phalanger sericeus PHALANGERIDAE DIPROTODONTIA

Phalanger ornatus PHALANGERIDAE DIPROTODONTIA

Strigocuscus celebensis PHALANGERIDAE DIPROTODONTIA

Ailurops ursinus PHALANGERIDAE DIPROTODONTIA

Ailurops melanotis PHALANGERIDAE DIPROTODONTIA

Hypsiprymnodon moschatus HYPSIPRYMNODONTIDAE DIPROTODONTIA
Lagostrophus fasciatus MACROPODIDAE DIPROTODONTIA

Dendrolagus mayri MACROPODIDAE DIPROTODONTIA

Dendrolagus inustus MACROPODIDAE DIPROTODONTIA

Onychogalea unguifera MACROPODIDAE DIPROTODONTIA

Onychogalea fraenata MACROPODIDAE DIPROTODONTIA

Dendrolagus mbaiso MACROPODIDAE DIPROTODONTIA

Thylogale thetis MACROPODIDAE DIPROTODONTIA

Thylogale stigmatica MACROPODIDAE DIPROTODONTIA

Thylogale brunii MACROPODIDAE DIPROTODONTIA

Thylogale calabyi MACROPODIDAE DIPROTODONTIA

Thylogale lanatus MACROPODIDAE DIPROTODONTIA

Thylogale browni MACROPODIDAE DIPROTODONTIA

Thylogale billardierii MACROPODIDAE DIPROTODONTIA

Petrogale persephone MACROPODIDAE DIPROTODONTIA

Petrogale burbidgei MACROPODIDAE DIPROTODONTIA

Petrogale concinna MACROPODIDAE DIPROTODONTIA

Petrogale brachyotis MACROPODIDAE DIPROTODONTIA

Petrogale rothschildi MACROPODIDAE DIPROTODONTIA

Petrogale godmani MACROPODIDAE DIPROTODONTIA

Petrogale purpureicollis MACROPODIDAE DIPROTODONTIA

Petrogale coenensis MACROPODIDAE DIPROTODONTIA

Petrogale lateralis MACROPODIDAE DIPROTODONTIA

Petrogale penicillata MACROPODIDAE DIPROTODONTIA

Petrogale herberti MACROPODIDAE DIPROTODONTIA

Petrogale sharmani MACROPODIDAE DIPROTODONTIA
Petrogale mareeba MACROPODIDAE DIPROTODONTIA

Petrogale inornata MACROPODIDAE DIPROTODONTIA

Petrogale assimilis MACROPODIDAE DIPROTODONTIA

Petrogale xanthopus MACROPODIDAE DIPROTODONTIA

Dendrolagus lumholtzi MACROPODIDAE DIPROTODONTIA

Dendrolagus pulcherrimus MACROPODIDAE DIPROTODONTIA

Dendrolagus bennettianus MACROPODIDAE DIPROTODONTIA

Dendrolagus matschiei MACROPODIDAE DIPROTODONTIA

Onychogalea lunata MACROPODIDAE DIPROTODONTIA

Dendrolagus goodfellowi MACROPODIDAE DIPROTODONTIA

Dendrolagus ursinus MACROPODIDAE DIPROTODONTIA

Dendrolagus notatus MACROPODIDAE DIPROTODONTIA

Dendrolagus spadix MACROPODIDAE DIPROTODONTIA

Dendrolagus dorianus MACROPODIDAE DIPROTODONTIA

Dendrolagus scottae MACROPODIDAE DIPROTODONTIA

Dorcopsis hageni MACROPODIDAE DIPROTODONTIA

Dorcopsis muelleri MACROPODIDAE DIPROTODONTIA

Dorcopsis atrata MACROPODIDAE DIPROTODONTIA

Dorcopsis luctuosa MACROPODIDAE DIPROTODONTIA

Dorcopsulus vanheurni MACROPODIDAE DIPROTODONTIA

Dorcopsulus macleayi MACROPODIDAE DIPROTODONTIA

Wallabia bicolor MACROPODIDAE DIPROTODONTIA

Macropus irma MACROPODIDAE DIPROTODONTIA

Macropus parma MACROPODIDAE DIPROTODONTIA

Macropus parryi MACROPODIDAE DIPROTODONTIA

Macropus greyi MACROPODIDAE DIPROTODONTIA

Macropus agilis MACROPODIDAE DIPROTODONTIA

Macropus eugenii MACROPODIDAE DIPROTODONTIA

Macropus bernardus MACROPODIDAE DIPROTODONTIA

Macropus dorsalis MACROPODIDAE DIPROTODONTIA

Macropus rufogriseus MACROPODIDAE DIPROTODONTIA

Macropus robustus MACROPODIDAE DIPROTODONTIA

Macropus antilopinus MACROPODIDAE DIPROTODONTIA

Macropus rufus MACROPODIDAE DIPROTODONTIA

Macropus giganteus MACROPODIDAE DIPROTODONTIA

Macropus fuliginosus MACROPODIDAE DIPROTODONTIA

Lagorchestes hirsutus MACROPODIDAE DIPROTODONTIA

Lagorchestes leporides MACROPODIDAE DIPROTODONTIA

Lagorchestes asomatus MACROPODIDAE DIPROTODONTIA

Lagorchestes conspicillatus MACROPODIDAE DIPROTODONTIA

Dendrolagus stellarum MACROPODIDAE DIPROTODONTIA

Setonix brachyurus MACROPODIDAE DIPROTODONTIA

Potorous longipes POTOROIDAE DIPROTODONTIA

Potorous tridactylus POTOROIDAE DIPROTODONTIA

Potorous platyops POTOROIDAE DIPROTODONTIA

Potorous gilbertii POTOROIDAE DIPROTODONTIA

Bettongia gaimardi POTOROIDAE DIPROTODONTIA

Bettongia tropica POTOROIDAE DIPROTODONTIA

Bettongia penicillata POTOROIDAE DIPROTODONTIA

Bettongia lesueur POTOROIDAE DIPROTODONTIA

Bettongia pusilla POTOROIDAE DIPROTODONTIA

Caloprymnus campestris POTOROIDAE DIPROTODONTIA

Aepyprymnus rufescens POTOROIDAE DIPROTODONTIA

Tarsipes rostratus TARSIPEDIDAE DIPROTODONTIA

Pseudochirops archeri PSEUDOCHEIRIDAE DIPROTODONTIA

Petropseudes dahli PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirops coronatus PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirops albertisii PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirops cupreus PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirops corinnae PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirulus schlegeli PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirulus larvatus PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirulus herbertensis PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirulus caroli PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirulus mayeri PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirulus forbesi PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirulus cinereus PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudochirulus canescens PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudocheirus peregrinus PSEUDOCHEIRIDAE DIPROTODONTIA

Pseudocheirus occidentalis PSEUDOCHEIRIDAE DIPROTODONTIA

Petauroides volans PSEUDOCHEIRIDAE DIPROTODONTIA

Hemibelideus lemuroides PSEUDOCHEIRIDAE DIPROTODONTIA

Petaurus abidi PETAURIDAE DIPROTODONTIA

Petaurus biacensis PETAURIDAE DIPROTODONTIA

Petaurus gracilis PETAURIDAE DIPROTODONTIA

Petaurus norfolcensis PETAURIDAE DIPROTODONTIA

Petaurus breviceps PETAURIDAE DIPROTODONTIA

Petaurus australis PETAURIDAE DIPROTODONTIA

Gymnobelideus leadbeateri PETAURIDAE DIPROTODONTIA

Dactylopsila trivirgata PETAURIDAE DIPROTODONTIA

Dactylopsila tatei PETAURIDAE DIPROTODONTIA

Dactylopsila megalura PETAURIDAE DIPROTODONTIA

Dactylonax palpator PETAURIDAE DIPROTODONTIA

Distoechurus pennatus ACROBATIDAE DIPROTODONTIA

Acrobates pygmaeus ACROBATIDAE DIPROTODONTIA
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Fig. S13 
Oldest fossil occurrences per extant 
mammalian order vs. phylogeny stem 
ages. Results from our node-dated 
phylogeny (95% HPD age of 10,000 trees) 
compared to fossil maximum stratigraphic 
ages per order listed in Table S7. Most 
phylogeny stem age estimates overlap the 
1:1 line (dotted), but are somewhat older as 
expected from biased preservation and 
waiting times to fossilization. See above as 
regards the older fossil than phylogeny age 
for Didelphimorphia.  
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a 

b 

Fig. S14 
Tip-level diversification rates (tip DR) 
from this study and previous Mammalia 
supertrees. Comparisons (a) as plotted on 
phylogenies with relative color scales are 
calibrated per dataset so that the top 1% of 
tip DR values corresponds to the bright red 
color of each tree, and (b) on a pairwise 
basis for 4403 species with names matching 
directly between all four data sets. Note that 
axes differ but correspond to the range of tip 
DR values for each data set. 
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Fig. S15 
Tests of lineage-specific and time-specific (tree-wide) rate shifts in Mammalia. Results from analyses on 10 
trees relative to the Cretaceous-Paleogene mass extinction event (K-Pg, ~66 Ma; vertical dotted lines): (a) BAMM 
models showing reconstructed speciation (blue) and extinction (red) rates through time (medians and 95% 
confidence intervals of the rates from 1000 event data samples; Fig. 2c shows the same data group across 10 trees); 
(b) placement of BAMM maximum shift credibility rate-shift sets from each tree (red dots) on the background of 
different rate regimes (branch colors, hotter colors are faster rates; time scale in intervals of 50 Ma; trees differ in 
root age but are ladderized for comparison to Fig. 1); (c) TreePar models, showing (left axis) reconstructed net 
diversification rates and (right axis) the number of inferred rate shifts summarized to 5 Ma time bins across the 10 
trees (rug underneath the histogram shows the timing and frequency of the individual shifts); (d) CoMET models, 
showing (left axes) reconstructed rates and (right axes) Bayes factors for shift times (see Fig. S16 for results 
including mass-extinction parameters).   
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Fig. S16 
Results of sensitivity tests for tree-wide rate shifts using CoMET. These models were run on 10 mammal trees 
parameterized with (a) seven expected rate shifts and no mass-extinction events ME; (b) seven rate shifts and one 
minor ME (probability of surviving p=0.3), as seeded at 66 Ma to correspond with the K-Pg event; and (b) no rate 
shifts and the same minor ME at 66 Ma. Note that Fig. S6d also displays the part a model. Substantially greater 
signals of ME events are recovered when rate shifts are not allowed (part c model), which questions the validity of 
this modeling framework. 
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Fig. S17 
Ecological characterization of the BAMM rate-shifted clades. Tests of trait-dependent speciation conducted with 
the STRAPP test for each of 10 mammal trees: (a) binary analyses of diurnality, showing positive association with 
higher rates of speciation (corroborated in 10-Ma clades, Fig. 4; genera, Fig. S19); (b) vagility, showing non-
significant positive association with speciation rate; and (c) latitude and (d) insularity showing no associations. We 
interpret diurnality as an example of increased lineage persistence driving the inference of rate shifts, whereas the 
other traits may drive species turnover and not be detected in rate shifts. (e) Distribution of ecological traits within 
the 18 rate-shifted clades that are independent from each other (non-nested of 24 total shifts in Fig. 1; Table S8). 
Mann-Whitney U-tests for difference in trait medians between each clade and the rest of mammals (symbols follow 
Fig. 1; open circles denote no significant difference, bars denote 95% CIs on the difference in medians).  
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Fig. S18 
Tests of factors explaining log clade species richness. Full results from time-sliced clades in (a) univariate and (b) 
multivariate contexts for 100 trees (shared vs. unique effects, respectively, on clade richness; standardized data is 
mean centered and standard deviation scaled). Clades were delimited tipward of 5-Ma intervals in empirical 
mammal trees (gray symbols, black lines) and rate-constant simulations of trees the same size and age (yellow 
symbols, extinction fraction=0.65). Red symbols are non-significant effects where the 95% confidence interval 
overlaps zero. In part a, bold numbers per time slice are the percentage of significant results, and italic numbers are 
the mean values of Pagel’s lambda estimated during PGLS for each time slice. In part b, simultaneous inference is 
performed as in Fig. 3, but adding percent of DNA-sampled species per clade to show our results are unaffected by 
imputing DNA-missing species (simulations lack missing species, so are not shown for comparison). (c) Analogous 
taxon-based analyses in (top) univariate and (bottom) multivariate contexts for 100 trees. Gray circles represent 
significant terms in the model, while red triangles have P > 0.05. Only clades with ≥4 species were examined for 
genera (n=385), families (n=102), and orders (n=22). 
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Fig. S19 
Clade-level univariate PGLS analyses of ecological factors on tip DR mean and skew. Results across 100 
trees are compared using (a) time slice-defined clades at five-million-year intervals, showing representative 
slices (symbols as in legend at top); and (b) taxon-defined clades. The number of trees for which a given 
univariate comparison was significant is displayed below each set of standardized coefficients.  
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Fig. S20 
Expanded display of Fig. 4 path analyses comparing time-sliced clades vs. taxa. (a) Clades defined by time 
slices at 10-, 30-, and 50-Ma intervals (light to dark colors). (left) Path thickness and directionality denotes 
median coefficients of model-averaged analyses on standardized data and 100 trees. (right) Per-estimate 
uncertainty across analyses and taxa (slope ± SE, 100 trees). (b) The same models run upon clades delimited as 
genera, families, and orders (light to dark colors). The right-side margin shows totals of non-zero estimates, 
either positive (blue shades) or negative (red shades), and bolds the totals of paths present in >50 trees (gray 
denotes majority overlap with zero, which are dashed-line paths on the left-side).  
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Fig. S21 
Tip-level sensitivity analyses of univariate PGLS models (see Fig. 4a). Analyses of trait ~ rate models are 
repeated across 1000 trees from the Completed TopoCons distributions for (a) the node-dated backbone, and (b) 
the tip-dated backbone, in each case comparing standardized shared effects from species-level tip DR and node 
density statistics. The following data subsets were examined: all mammals (extant and non-marine for all trait 
analyses; n=5675), herbivores only (n=1802), omnivores only (n=2166), carnivores only (n=1707), excluding 
island endemics (n=4553), and excluding imputed species unsampled for DNA (n=3941). The right-side margin 
shows totals of non-zero estimates with P < 0.05, either positive (blue shades) or negative (red shades) out of the 
1000 trees analyzed (gray denotes majority overlap with zero). 

 

 

a Vagility b Diurnality c Latitude
a Node-dated exponential backbone (NDexp, tip-level rates)

Tip DR
# Signif. # Signif. # Signif.

Node density
# Signif. # Signif. # Signif.

Standardized shared effects (1000 trees)

Supplementary Fig. 9
Tip-level sensitivity analyses of univariate PGLS models (see Fig. 4a). Analyses of trait ~ rate models are repeated 
across 1000 trees from the Completed TopoCons distributions for (a) the node-dated backbone, and (b) the tip-dated 
backbone, in each case comparing standardized shared effects from species-level tip DR and node density statistics. 
The following data subsets were examined: all mammals (extant and non-marine for all trait analyses; n=5675), 
herbivores only (n=1802), omnivores only (n=2166), carnivores only (n=1707), excluding island endemics (n=4553), 
and excluding imputed species unsampled for DNA (n=3941). The right-side margin shows totals of non-zero 
estimates with P < 0.05, either positive (blue shades) or negative (red shades) out of the 1000 trees analysed (grey 
denotes majority overlap with zero).

Standardized shared effects (1000 trees)

a Vagility b Diurnality c Latitude
b Tip-dated backbone (FBD, tip-level rates)

Tip DR
# Signif. # Signif. # Signif.

Node density
# Signif. # Signif. # Signif.
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Fig. S22 
Clade-level sensitivity analyses of multivariate phylogenetic path models (see Fig. 4b). Comparison of path 
coefficients on time-sliced clades at 10, 30, and 50 Ma delimited across 1000 trees from the Completed 
TopoCons distributions for (a) the node-dated backbone, and (b) the tip-dated backbone. Path models were run 
on the following data subsets : all mammals (extant and non-marine for all trait analyses; n=5675), excluding 
island endemics (n=4553), and excluding imputed species unsampled for DNA (n=3941). Median coefficients ± 
SE are shown for model-averaged runs on 1000 trees using standardized data. The right-side margin shows totals 
of non-zero estimates with P < 0.05, either positive (blue shades) or negative (red shades), and bold totals of 
paths present in >500 of the 1000 trees analyzed (gray denotes majority overlap with zero). 

 

Supplementary Fig. 10
Clade-level sensitivity analyses of multivariate phylogenetic path models (see Fig. 4b). Comparison of path 
coefficients on time-sliced clades at 10, 30, and 50 Ma delimited across 1000 trees from the Completed TopoCons 
distributions for (a) the node-dated backbone, and (b) the tip-dated backbone. Path models were run on the following 
data subsets : all mammals (extant and non-marine for all trait analyses; n=5675), excluding island endemics 
(n=4553), and excluding imputed species unsampled for DNA (n=3941). Median coefficients ± SE are shown for 
model-averaged runs on 1000 trees using standardized data. The right-side margin shows totals of non-zero estimates 
with P < 0.05, either positive (blue shades) or negative (red shades), and bold totals of paths present in >500 of the 
1000 trees analysed (grey denotes majority overlap with zero).
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Fig. S22 (continued) 
Clade-level sensitivity analyses of multivariate phylogenetic path models. See previous legend. 

 

Phylogenetic paths # Signif.Time slices
10 Ma
30 Ma
50 Ma

Phylogenetic paths # Signif.Time slices
10 Ma
30 Ma
50 Ma

Phylogenetic paths # Signif.Time slices
10 Ma
30 Ma
50 Ma

Standardized unique effects (1000 trees)

Phylogenetic paths # Signif.Time slices
10 Ma
30 Ma
50 Ma

Phylogenetic paths # Signif.Time slices
10 Ma
30 Ma
50 Ma

Phylogenetic paths # Signif.Time slices
10 Ma
30 Ma
50 Ma

Supplementary Fig. 10 (continued)
Clade-level sensitivity analyses of multivariate phylogenetic path models.See previous legend.
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Fig. S23 
Membership in phylogenetic patch clades vs. 
BAMM rate-shifted clades. The overall 
location of rate shifts present in ≥ 5 of 10 trees 
analyzed appears unrelated to patch clade 
delimitations. (a) Summary of patch clades 
PC1-28 relative to the contained species in 
rate-shifted clades B-X (letters correspond to 
Fig. 1 and Table S8). Out of 28 patch clades, 
we find that 15 do not contain any tipward rate 
shift (gray), 9 contain one or more shift for a 
subset of patch clade species (white), and 4 
have all species contained in a rate shift (blue). 
(b) Plot of the 18 shifts most tipward in a given 
lineage (e.g., shift C is Placentalia and not 
shown) shows substantial variation in number 
of shifts per patch clade.  
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b

a
Clade 

richness B D E F G H J L M N O P Q R T V W X # Shifts 
PC1 Marsupialia 362 78 . . . . . . . . . . . . . . . . . 284 78% 1
PC2 Afrotheria 92 . . . . . . . . . . . . . . . . . . 92 100% 0
PC3 Xenarthra 33 . . . . . . . . . . . . . . . . . . 33 100% 0
PC4 Scandentia 20 . . . . . . . . . . . . . . . . . . 20 100% 0
PC5 Primates 458 . . . . . . . . . 313 135 . . . . . . . 10 2% 2
PC6 Lagomorpha 91 . . . . . . . . . . . 91 . . . . . . 0 0% 1
PC7 Castorimorpha 109 . . . . . . . . . . . . . 107 . . . . 2 2% 1
PC8 Dipodidae 51 . . . . . . . . . . . . . . . . . . 51 100% 0
PC9 Spalacidae 21 . . . . . . . . . . . . . . . . . . 21 100% 0
PC10 Nesomyidae 63 . . . . . . . . . . . . . . . . . . 63 100% 0
PC11 Muridae 779 . . . . . . . . . . . . . . . 196 104 80 399 51% 3
PC12 Cricetidae 726 . . . . . . . . . . . . . . 726 . . . 0 0% 1
PC13 Squirrel-related 320 . . . . . . . . . . . . . . . . . . 320 100% 0
PC14 Guinea pig-related 304 . . . . . . . . . . . . 65 . . . . . 239 79% 1
PC15 Eulipotyphla 491 . . . . . . . . 213 . . . . . . . . . 278 57% 1
PC16 Noctilionoidea 227 . . . . . 205 . . . . . . . . . . . . 22 10% 1
PC17 Vespertilionoidea 605 . . . . 605 . . . . . . . . . . . . . 0 0% 1
PC18 Emballonuroidea 70 . . . . . . . . . . . . . . . . . . 70 100% 0
PC19 Yinpterochiroptera 385 . . . . . . 69 87 . . . . . . . . . . 229 59% 2
PC20 Artiodactyla 348 . . 215 91 . . . . . . . . . . . . . . 42 12% 2
PC21 Perissodactyla 24 . . . . . . . . . . . . . . . . . . 24 100% 0
PC22 Carnivora 298 . 298 . . . . . . . . . . . . . . . . 0 0% 1
PC23 Monotremata 5 . . . . . . . . . . . . . . . . . . 5 100% 0
PC24 Pholidota 8 . . . . . . . . . . . . . . . . . . 8 100% 0
PC25 Dermoptera 2 . . . . . . . . . . . . . . . . . . 2 100% 0
PC26 Anomaluromorpha 9 . . . . . . . . . . . . . . . . . . 9 100% 0
PC27 Calomyscidae 8 . . . . . . . . . . . . . . . . . . 8 100% 0
PC28 Platacanthomyidae 2 . . . . . . . . . . . . . . . . . . 2 100% 0

Unshifted 
species



 78 

 
Fig. S24 
Effect of gene sampling per species upon tip DR estimates. Compared are the per-species (a) variances and (b) 
medians in tip DR across 10,000 node-dated trees vs. the number of genes (0–31) sampled in the global DNA 
supermatrix. Completed trees are those where no-DNA species (0 genes) were added using PASTIS during MrBayes 
runs (see Supplementary Methods, section 5). As expected, variance in tip DR estimates is higher for completed 
species (note the different y-axes in part a). However, median tip DR estimates are similar between completed and 
DNA-only trees. Spearman’s correlation coefficients, r, are shown for each plot as an indication of general trends in 
the data (slight negative trends do not account for phylogenetic covariance). 
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Supplementary Fig. 13
Effect of gene sampling per species upon tip DR estimates.Compared are the per-species (a) variances and (b) 
medians in tip DR across 10,000 node-dated trees vs. the number of genes (0–31) sampled in the global DNA 
supermatrix. Completed trees are those where no-DNA species (0 genes) were added via taxonomic constraints and 
birth-death branch lengths during MrBayes runs (see Supplementary Methods, section 5). As expected, variance in tip 
DR estimates is much higher for taxonomically completed species (note the different y-axes in part a). However, 
median tip DR estimates are similar between completed and DNA-only trees. Spearman’s correlation coefficients, r, 
are shown for each plot as an indication of general trends in the data (slight negative trends do not account for 
phylogenetic covariance).
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Supplementary Datasets 
Dataset S1. (zipped file)  
Details of the DNA error-checking steps and updated master taxonomy of mammals. 
 
Dataset S2. (zipped file)  
Final DNA alignments for 31 genes and gene tree outputs from RAxML. 
 
Dataset S3. (zipped file) 
Global ML tree for 4098 species of mammals built from the 31-gene supermatrix. 
 
Dataset S4. (zipped file) 
Results of 28 patch clade phylogenies delimited across Mammalia. 
 
Dataset S5. (zipped file) 
Results and run files for backbone divergence-time analyses in MrBayes. 
 
Dataset S6. (zipped file) 
Full 5911-species trees of Mammalia using node-dating and tip-dating. 
 
Dataset S7. (zipped file) 
Species ecological trait data, results from BAMM, TreePar, and CoMET, and code for analyses. 
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