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Abstract

Big, time-scaled phylogenies are fundamental to connecting evolutionary processes to mod-

ern biodiversity patterns. Yet inferring reliable phylogenetic trees for thousands of species

involves numerous trade-offs that have limited their utility to comparative biologists. To

establish a robust evolutionary timescale for all approximately 6,000 living species of mam-

mals, we developed credible sets of trees that capture root-to-tip uncertainty in topology and

divergence times. Our “backbone-and-patch” approach to tree building applies a newly

assembled 31-gene supermatrix to two levels of Bayesian inference: (1) backbone relation-

ships and ages among major lineages, using fossil node or tip dating, and (2) species-level

“patch” phylogenies with nonoverlapping in-groups that each correspond to one representa-

tive lineage in the backbone. Species unsampled for DNA are either excluded (“DNA-only”

trees) or imputed within taxonomic constraints using branch lengths drawn from local birth–

death models (“completed” trees). Joining time-scaled patches to backbones results in spe-

cies-level trees of extant Mammalia with all branches estimated under the same modeling

framework, thereby facilitating rate comparisons among lineages as disparate as marsupi-

als and placentals. We compare our phylogenetic trees to previous estimates of mammal-

wide phylogeny and divergence times, finding that (1) node ages are broadly concordant

among studies, and (2) recent (tip-level) rates of speciation are estimated more accurately

in our study than in previous “supertree” approaches, in which unresolved nodes led to

branch-length artifacts. Credible sets of mammalian phylogenetic history are now available

for download at http://vertlife.org/phylosubsets, enabling investigations of long-standing

questions in comparative biology.

Introduction

Reconstructing the timing and pattern of evolutionary relationships in the tree of life illumi-

nates the processes of species birth (speciation), death (extinction), character evolution, and

many other fundamental aspects of biodiversity generation and maintenance [1–4]. The
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penchant for mammals to fossilize has made them a traditional target for studies aiming to cal-

ibrate the tempo of macroevolutionary change in global ecosystems [5–10]. Mammalian life-

styles range from subterranean burrowing to powered flight, endurance running, and even

obligate marine habitation. Ecomorphological disparity accompanying fossil diversity

prompted Simpson [6,11,12] to make mammals an original flagship for testing evolutionary

models, including that of adaptive radiation. Of core societal relevance, mammalian phylogeny

has been used to address questions of human origins [13,14], zoonotic disease outbreaks

[15,16], conservation prioritization in the Anthropocene [17,18], evolutionary medicine

[19,20], and the origins of ecologically important traits [21–23].

Increasingly, biodiversity questions require species-specific estimates of evolutionary pro-

cesses at the tree “tips,” which collectively represent the instantaneous present and probable

future of biodiversity [2,24–27]. These “tip rates” [27] can either be formulated in a diversifica-

tion context, reflecting the frequency of recent speciation events in a species’ parent lineage

(reviewed in [28]), or else in a conservation context as the extent of a species’ unique evolu-

tionary history [24,29,30]. Because the speed of recent diversification and amount of unshared

evolution are roughly inverse, they offer complementary perspectives of the same information

—i.e., the species-level shape of phylogenetic trees. However, for mammals and most of life,

our ability to reconstruct tip rates of branching is hampered by incomplete data [31,32], as

well as failures to model the error in reconstructed phylogenies with the data we do have

[33,34]. Framed on a backdrop of mammalian species and population declines globally [35–

37], there is clear urgency for species-level synthesis that fully accounts for estimated levels of

confidence in evolutionary relationships and ages.

Therefore, in the present study, we depart from existing approaches for building consen-

sus-based “supertrees” [38] and, instead, aim to improve the two-level approach for Bayesian

estimation of “backbone-and-patch” trees that was pioneered for use in birds, squamates, and

amphibians [27,39,40]. Building big phylogenies requires addressing the computational prob-

lem of how to jointly infer tree topology and branch lengths for thousands of species. Supertree

approaches solve the problem by merging many small overlapping trees and, when nodes dis-

agree, collapsing branches into polytomies (unresolved nodes) to create a “consensus” view-

point of topology [41]. However, rate estimates derived from supertree branch lengths contain

less information from the original data than rates derived from so-called supermatrix trees, in

which branch lengths are inferred directly from a large matrix of characters (assuming the

matrix is sufficiently complete [42] and within-matrix rate heterogeneity is modeled [43,44]).

In contrast to supertrees, the backbone-and-patch approach divides big phylogenetic prob-

lems into two nonoverlapping levels of analysis that each still computationally allow for Bayes-

ian inference on a supermatrix of characters. These levels are (1) “backbone” divergences

among major lineages (e.g., living orders and families) and (2) species-level “patch” clades

with in-groups that each correspond to one representative tip on the backbone tree. Thus, the

backbone and patch levels are nonoverlapping except at one shared node at the root of each

patch clade (the split between in-group and out-group). To our knowledge, this two-level

approach was initially proposed as a thought experiment by Mishler [45] in the context of

“exemplars” and “compartments” for dividing one big computational problem into several

smaller ones. It was first implemented at scale by Jetz and colleagues [27], which estimated fos-

sil-calibrated backbone trees (two alternative topologies [46,47]) and 129 patch trees for all liv-

ing birds. The approach then generates credible sets of full-sized trees (all patches plus their

backbone) in a common evolutionary timescale by rescaling the relative-time patches to abso-

lute time via the distribution of ages for the one node each patch shares on the dated backbone

[27]. By comparison, the “mega-phylogeny” approach of Smith and colleagues [44] used one

level of maximum-likelihood (ML) analysis to construct large consensus trees that lack a

New species-level tree sets for living mammals
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distribution of estimated ages or relationships. Barker and colleagues [48] also used a two-level

Bayesian approach to estimate an approximately 800-species phylogeny of NewWorld nine-

primaried songbirds, reinforcing the utility of dividing large computational problems into

smaller nonoverlapping ones.

Herein, we describe our novel application of the backbone-and-patch approach to build a

fossil-calibrated phylogeny for 5,911 living and recently extinct species of Mammalia (Fig 1).

We first develop a thoroughly vetted and taxonomically reconciled DNA supermatrix for use

in a global ML phylogeny, which forms a scaffold for subsetting the supermatrix into back-

bone- and patch-level alignments. Our goals and specific approaches are to (1) compare Bayes-

ian node- and tip-dating strategies for fossil calibration of mammalian backbone divergences;

(2) minimize the number of required monophyly assumptions when dividing the nonoverlap-

ping levels of analysis; (3) estimate Bayesian patch clade phylogenies using a birth–death

branch length prior to accommodate topological signatures of both speciation and extinction

(as opposed to pure-birth models used previously [27,39,40]); and (4) thereby construct credi-

ble sets of species-level phylogenies that capture topological and branch-length uncertainty,

which is then propagated to the inferred tempo of evolutionary radiation in recent Mammalia

(Fig 2; see S1 Movie). These sets of phylogenetic trees are evolutionary hypotheses that provide

confidence in proportion to the inferred certainty regarding mammalian divergence times and

species relationships from root to tip. This is a feature designed to prevent inflated confidence

in subsequent statistical tests, in which phylogenies are otherwise treated as known without

error [33]. These new sets of mammal trees are available for download and subsetting, either

as clades or nonmonophyletic assemblages, via an online tool: vertlife.org/phylosubsets/.

Previous studies of Mammalia phylogeny

Most studies of mammalian evolutionary history have focused on backbone-level divergences

or species-level subclade radiations, but not both. For example, Carnivora (approximately 300

living species of cats, dogs, and allies; [23,51,52]) and Cetacea (approximately 90 species of

whales and dolphins; [53–56]) are particularly scrutinized because of their well-studied fossils

and diverse ecological habits. At the backbone level of mammalian superordinal divergences,

greater paleo- to neontological integration [57–59] has recently helped bring the “rocks and

clocks” of fossil-calibrated molecular ages into greater harmony [60–65]. However, contro-

versy persists regarding both backbone node ages (e.g., [66–72]) and topological relationships

(e.g., [73–75]) despite the broad application of phylogenomic and phenotypic data. Some

nodes may in fact remain obstinate (e.g., due to guanine-cytosine [GC]-biased gene conver-

sion [76,77]). Therefore, Bayesian strategies that seek to accommodate the confidence (or lack

thereof) in estimated node ages and relationships, rather than collapse it to one “best” consen-

sus, appear most valuable for testing hypotheses related to diversification processes in mam-

mals [33,34,59,78–80].

Only a handful of studies have ever attempted to unite species-level molecular divergences

with fossil ages on a Mammalia-wide basis (Table 1). The landmark study of Bininda-Emonds

and colleagues [81] used a supertree approach (“matrix representation parsimony” [MRP]

[38,82]) for combining source trees estimated from either DNA or morphology into a time-

scaled phylogeny of 4,510 mammal species. The MRP supertree was based on the taxonomy of

Mammal Species of the World, second edition (MSW2) [83] and was updated twice: (1) Fritz

and colleagues [84] linked the taxonomy to 5,020 of the 5,415 species in Mammal Species of the

World, third edition (MSW3) [85] and fixed errors in the dating of bats [25,86]; and (2) Kuhn

and colleagues [87] resolved the>50% of unresolved nodes (2,503 polytomies) remaining in

the MRP supertree using a stochastic birth–death model, creating a set of 1,000 trees with

New species-level tree sets for living mammals
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random variation in the placement of unresolved branches [87]. Versions of the MRP super-

tree have been widely applied to questions of species diversification (e.g., [1,9,88,89]) and con-

servation (e.g., [25,29,90,91]) despite the initially unresolved species and consequent potential

for artifacts in downstream analyses, in part because it contained the only estimates of evolu-

tionary branch lengths across most of Mammalia.
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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 SIRENIA
Mammut 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 AFROSORICIDA
Microgale 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

C
ongosorex verheyeni SO

R
IC

IDAE EU
LIPO

TYPH
LA

C
ongosorex polli SO

R
IC

IDAE EU
LIPO

TYPH
LA

C
ongosorex phillipsorum

 SO
R
IC

IDAE EU
LIPO

TYPH
LA

M
yosorex schalleri SO

R
IC

IDAE EU
LIPO

TYPH
LA

M
yosorex jejei SO

R
IC

IDAE EU
LIPO

TYPH
LA

M
yosorex rum

pii SO
R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex tenuis SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex zinki SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex babaulti SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex kabogoensis SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex varius SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex longicaudatus SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex cafer SO

R
IC

IDAE EU
LIPO

TYPH
LA

M
yosorex eisentrauti SO

R
IC

IDAE EU
LIPO

TYPH
LA

M
yosorex sclateri SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex blarina SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex okuensis SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex gnoskei SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex kihaulei SO

R
IC

IDAE EU
LIPO

TYPH
LA

M
yosorex geata SO

R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex m

eesteri SO
R
IC

ID
AE EU

LIPO
TYPH

LA

M
yosorex bururiensis SO

R
IC

ID
AE EU

LIPO
TYPH

LA

S
ylvisorex corbeti S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

Suncus hosei SO
R
IC

ID
AE EU

LIPO
TYPH

LA

Sylvisorex johnstoni SO
R
IC

ID
AE EU

LIPO
TYPH

LA

S
uncus aequatorius S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
ylvisorex how

elli S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

Sylvisorex lunaris SO
R
IC

ID
AE EU

LIPO
TYPH

LA

S
ylvisorex cam

erunensis S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

Sylvisorex granti SO
R
IC

ID
AE EU

LIPO
TYPH

LA

Sylvisorex vulcanorum
 SO

R
IC

ID
AE EU

LIPO
TYPH

LA

S
uncus hututsi S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
ylvisorex silvanorum

 S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus rem

yi S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
ylvisorex akaibei S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus infinitesim

us S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus varilla S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus m

egalura S
O

R
IC

ID
A
E
 E

U
LIPO

TY
P
H
LA

R
uw

enzorisorex suncoides S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
ylvisorex konganensis S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
cutisorex thori S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
cutisorex som

ereni S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
ylvisorex ollula S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LAC

rocidura pachyura S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura russula S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura roosevelti S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura latona S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura zaphiri S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura caliginea S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura hispida S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura voi S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura tansaniana S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura gm

elini S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura cyanea S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura w

im
m

eri S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura baluensis S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura poensis S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura buettikoferi S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura kivuana S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura theresae S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura tenuis S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura batesi S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura flow

eri S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura grandiceps S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura hildegardeae S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura eisentrauti S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura vosm

aeri S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura religiosa S

O
R

IC
ID

A
E
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U
LIP

O
T
Y
P
H

LA

C
rocidura attila S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura telfordi S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura dhofarensis S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura m

axi S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura nicobarica S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura silacea S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura orii S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura phaeura S

O
R

IC
ID

A
E
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U

LIP
O

T
Y

P
H

LA

C
rocidura m

ariquensis S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura allex S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura ultim

a S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura fum

osa S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura dolichura S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura arispa S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura picea S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura m

acow
i S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura ludia S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura nana S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura greenw

oodi S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura desperata S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura stenocephala S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura littoralis S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura m

aurisca S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura tarella S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura lusitania S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura foxi S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura crossei S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura jouvenetae S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura cinderella S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura lanosa S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura fuscom

urina S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

P
aracrocidura graueri S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

P
aracrocidura schoutedeni S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

P
aracrocidura m

axim
a S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura grandis S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura lam

ottei S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura parvipes S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura katinka S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura

vorax S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura m

acarthuri S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura harenna S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P

H
LA

C
rocidura flavescens S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura hirta S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura fulvastra S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura viaria S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura m

utesae S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura goliath S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura olivieri S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura elgonius S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura crenata S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura grassei S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura pitm

ani S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura m

uricauda S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura hilliana S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura douceti S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura nim

basilvanus S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura nim

bae S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura annam

itensis S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura gracilipes S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura selina S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura nanilla S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura m

unissii S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura m

dum
ai S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura serezkyensis S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura m

ontis S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura m

acm
illani S

O
R

IC
ID

A
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 E

U
LIP

O
T
Y
P
H

LA

C
rocidura luna S

O
R

IC
ID
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E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura m

onax S
O

R
IC
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E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura new

m
arki S

O
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IC
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 E

U
LIP

O
T
Y
P
H

LA

C
rocidura denti S

O
R
IC

ID
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E
 E

U
LIP

O
TY

P
H
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C
rocidura glassi S

O
R

IC
ID
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 E

U
LIP

O
T
Y
P
H

LA

C
rocidura thalia S

O
R

IC
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 E
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LIP

O
T
Y
P
H

LA

C
rocidura baileyi S

O
R
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LIP

O
T
Y
P
H
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C
rocidura arabica S

O
R
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Y
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C
rocidura niobe S

O
R

IC
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LIP
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Y
P
H

LA

C
rocidura zim

m
erm

anni S
O

R
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 E

U
LIP

O
T
Y
P
H

LA

C
rocidura canariensis S

O
R
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U
LIP

O
T
Y
P
H

LA

C
rocidura tarfayensis S

O
R

IC
ID
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 E

U
LIP

O
T
Y
P
H

LA

C
rocidura sicula S

O
R

IC
ID
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LIP

O
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Y
P
H

LA

C
rocidura zim

m
eri S

O
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LIP

O
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Y
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H

LA

C
rocidura leucodon S

O
R
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U
LIP

O
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H
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C
rocidura obscurior S

O
R
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LIP
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H

LA

C
rocidura sapaensis S

O
R

IC
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LIP

O
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Y
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H

LA

C
rocidura w

hitakeri S
O
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H
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C
rocidura pasha S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA
D
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esodon pulchellum

 S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura horsfieldii S
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C
rocidura fingui S
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C
rocidura m

anengubae S
O
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C
rocidura m

iya S
O
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C
rocidura pergrisea S
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C
rocidura hikm

iya S
O
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C
rocidura planiceps S
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C
rocidura sokolovi S
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C
rocidura trichura S
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C
rocidura neglecta S
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C
rocidura rapax S
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LIP
O

T
Y

P
H

LA

C
rocidura lasiura S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura dsinezum

i S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura fischeri S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura raineyi S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura phuquocensis S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura fuliginosa S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura indochinensis S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura w

uchihensis S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura tanakae S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura zaitsevi S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P

H
LA

C
rocidura attenuata S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura m

onticola S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura w

atasei S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura jacksoni S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA
C

rocidura arm
enica S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura paradoxura S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura lw

iroensis S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura susiana S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura bottegoides S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura negligens S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura lucina S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura m

aquassiensis S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura ansellorum

 S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura m

alayana S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura yankariensis S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura abscondita S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura jenkinsi S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura virgata S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

C
rocidura nigricans S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura nigripes S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura ninoyi S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura beatus S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
ro

cid
u
ra

 p
a
n
aye

n
sis S

O
R

IC
ID

A
E

 E
U

L
IP

O
T
Y

P
H

L
A

C
ro

cid
u
ra

 n
e
g
rin

a
 S

O
R

IC
ID

A
E

 E
U

L
IP

O
T
Y

P
H

L
A

C
rocidura guy S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
ro

cid
u
ra

 m
in

d
o
ru

s S
O

R
IC

ID
A

E
 E

U
L
IP

O
T
Y

P
H

L
A

C
rocidura grayi S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura palaw

anensis S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura foetida S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura ram

ona S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura beccarii S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura longipes S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura sm

ithii S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura lepidura S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura congobelgica S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura orientalis S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura erica S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura brunnea S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura thom

ensis S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura som

alica S
O

R
IC

ID
A

E
 E

U
LIP

O
T
Y

P
H

LA

C
rocidura zarudnyi S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura phanluongi S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura bottegi S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura aleksandrisi S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura caspica S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura pullata S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura sibirica S

O
R

IC
ID

A
E

E
U

LIP
O

T
Y
P
H

LA

C
rocidura suaveolens S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura shantungensis S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LAC
rocidura hutanis S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura batakorum

 S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura andam

anensis S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H

LA

C
ro

cid
u
ra

 u
sa

m
b
a
ra

e
 S

O
R

IC
ID

A
E

 E
U

L
IP

O
T
Y

P
H

L
A

C
rocidura turba S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

C
rocidura cranbrooki S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y
P

H
LA

C
rocidura polia S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura nigeriae S

O
R

IC
ID

A
E
 E

U
LIP

O
TY

P
H

LA

C
rocidura levicula S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura rhoditis S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura xantippe S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura m

usseri S
O

R
IC

ID
A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura elongata S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura lea S

O
R

IC
ID

A
E
 E

U
LIP

O
T
Y
P
H

LA

C
rocidura nigrofusca S

O
R

IC
ID

A
E

 E
U

LIP
O

T
Y

P
H

LA

S
uncus zeylanicus S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus m

ertensi S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus dayi S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus ater S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus stoliczkanus S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus m

ontanus S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
ylvisorex m

orio S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus m

urinus S
O

R
IC

ID
A
E

E
U
LIP

O
TY

P
H
LA

S
ylvisorex pluvialis S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

Feroculus feroculus S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus m

adagascariensis S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus etruscus S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus fellow

esgordoni S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus lixus S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
ylvisorex oriundus S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
ylvisorex isabellae S

O
R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

S
uncus m

alayanus S
O

R
IC

ID
A
E
 E

U
LIP

O
TY

P
H
LA

Solisorex pearsoni SO
R
IC

ID
AE EU

LIPO
TYPH

LA

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 SO
RICIDAE EULIPOTYPHLA

Cryptotis lacandonensis SORICIDAE EULIPOTYPHLA

Cryptotis colom
biana SORICIDAE EULIPOTYPHLA

Blarina hylophaga SORICIDAE EULIPOTYPHLA

Blarina carolinensis SORICIDAE EULIPOTYPHLA

Blarina brevicauda SORICIDAE EULIPOTYPHLA

Cryptotis gracilis SORICIDAE EULIPOTYPHLA

Cryptotis aroensis SO
RICIDAE EULIPOTYPHLA

Cryptotis orophila SORICIDAE EULIPOTYPHLA

Cryptotis nigrescens SORICIDAE EULIPOTYPHLA

Cryptotis venezuelensis SO
RICIDAE EULIPOTYPHLA

Cryptotis peruviensis SO
RICIDAE EULIPOTYPHLA

Cryptotis niausa SORICIDAE EULIPOTYPHLA

Cryptotis brachyonyx SORICIDAE EULIPOTYPHLA

Cryptotis m
agna SO

RICIDAE EULIPOTYPHLA

Cryptotis m
edellinia SO

RICIDAE EULIPOTYPHLA
Cryptotis phillipsii SO

RICIDAE EULIPOTYPHLA

Cryptotis m
exicana SO

RICIDAE EULIPOTYPHLA

Cryptotis nelsoni SO
RICIDAE EULIPOTYPHLA

Cryptotis obscura SO
RICIDAE EULIPOTYPHLA

Cryptotis equatoris SORICIDAE EULIPOTYPHLA

Cryptotis m
ontivaga SORICIDAE EULIPOTYPHLA

Cryptotis tam
ensis SORICIDAE EULIPOTYPHLA

Cryptotis peregrina SO
RICIDAE EULIPOTYPHLA

Cryptotis goldm
ani SO

RICIDAE EULIPOTYPHLA

Cryptotis m
eridensis SORICIDAE

EULIPOTYPHLA

Cryptotis squam
ipes SO

RICIDAE EULIPOTYPHLA

Cryptotis tropicalis SO
RICIDAE EULIPOTYPHLA

Cryptotis lacertosus SORICIDAE EULIPOTYPHLA
Cryptotis hondurensis SO

RICIDAE EULIPOTYPHLA

Cryptotis m
am

 SO
RICIDAE EULIPOTYPHLA

Cryptotis m
era SORICIDAE EULIPOTYPHLA

Cryptotis goodwini SO
RICIDAE EULIPOTYPHLA

Cryptotis m
erriam

i SO
RICIDAE EULIPOTYPHLA

Cryptotis endersi SO
RICIDAE EULIPOTYPHLA

Cryptotis alticola SO
RICIDAE EULIPOTYPHLA

Cryptotis thom
asi SORICIDAE EULIPOTYPHLA

Cryptotis griseoventris SO
RICIDAE EULIPOTYPHLA

Cryptotis m
ayensis SO

RICIDAE EULIPOTYPHLA

Cryptotis oreoryctes SO
RICIDAE EULIPOTYPHLA

Cryptotis parva SO
RICIDAE EULIPOTYPHLA

Sorex alpinus SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex buchariensis SO
RICIDAE EULIPOTYPHLA

Sorex oreopolus SO
RICIDAE EULIPOTYPHLA

Sorex bedfordiae SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex ventralis SO
RICIDAE EULIPO

TYPHLA
Sorex excelsus SO

R
IC

IDAE EU
LIPO

TYPH
LA

Sorex veraecrucis SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex cylindricauda SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex gracillim
us SO

R
IC

IDAE EU
LIPO

TYPH
LA

Sorex yukonicus SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex ixtlanensis SO
RICIDAE EULIPO

TYPHLA

Sorex planiceps SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex m
inutissim

us SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex hosonoi SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex m
irabilis SO

R
IC

IDAE EU
LIPO

TYPH
LA

Sorex m
inutus SO

R
IC

IDAE EU
LIPO

TYPH
LA

Sorex volnuchini SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex thibetanus SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex
caecutiens SO

R
IC

IDAE EU
LIPO

TYPH
LA

Sorex shinto SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex isodon SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex unguiculatus SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex tundrensis SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex asper SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex daphaenodon SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex coronatus SO
R
IC

IDAE
EU

LIPO
TYPH

LA

Sorex araneus SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex granarius SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex satunini SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex antinorii SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex arcticus SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex m
aritim

ensis SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex sam
niticus SO

R
IC

IDAE EU
LIPO

TYPH
LA

Sorex kozlovi SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex roboratus SO
R
IC

IDAE EU
LIPO

TYPH
LASorex m

ediopua SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex sclateri SO
RICIDAE EULIPOTYPHLA

Sorex stizodon SO
RICIDAE EULIPO

TYPHLA
Sorex veraepacis SO

R
IC

IDAE EU
LIPO

TYPH
LA

Sorex cansulus SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex arunchi SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex raddei SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex saussurei SO
RICIDAE EULIPOTYPHLA

Sorex trowbridgii SO
RICIDAE EULIPOTYPHLA

Sorex arizonae SO
RICIDAE EULIPOTYPHLA

Sorex hoyi SO
RICIDAE EULIPOTYPHLA

Sorex orizabae SO
RICIDAE EULIPOTYPHLA

Sorex dispar SO
RICIDAE EULIPOTYPHLA

Sorex fum
eus SO

RICIDAE EULIPOTYPHLA

Sorex nanus SO
RICIDAE EULIPOTYPHLA

Sorex tenellus SO
RICIDAE EULIPOTYPHLA

Sorex sonom
ae SO

RICIDAE
EULIPO

TYPHLA

Sorex m
erriam

i SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex bendirii SO
RICIDAE EULIPOTYPHLA

Sorex palustris SO
RICIDAE EULIPOTYPHLA

Sorex m
onticolus SO

RICIDAE EULIPOTYPHLA

Sorex bairdi SO
RICIDAE EULIPO

TYPHLA

Sorex pacificus SO
RICIDAE EULIPO

TYPHLA

Sorex neom
exicanus SO

RICIDAE EULIPO
TYPHLA

Sorex ornatus SO
RICIDAE EULIPO

TYPHLA

Sorex m
acrodon SO

RICIDAE EULIPOTYPHLA

Sorex vagrans SO
RICIDAE EULIPOTYPHLA

Sorex rohweri SO
RICIDAE EULIPO

TYPHLA

Sorex preblei SO
RICIDAE

EULIPO
TYPHLA

Sorex haydeni SO
RICIDAE EULIPO

TYPHLA

Sorex cam
tschatica SO

R
IC

IDAE EU
LIPO

TYPH
LA

Sorex jacksoni SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex portenkoi SO
RIC

IDAE EU
LIPO

TYPH
LA

Sorex ugyunak SO
RICIDAE EULIPO

TYPHLA

Sorex pribilofensis SO
RICIDAE EULIPO

TYPHLA

Sorex leucogaster SO
RICIDAE EULIPO

TYPHLA

Sorex lyelli SO
RICIDAE EULIPO

TYPHLA

Sorex cinereus SO
RICIDAE EULIPO

TYPHLA

Sorex m
illeri SO

RICIDAE EULIPO
TYPHLA

Sorex longirostris SO
RICIDAE EULIPO

TYPHLA

Sorex em
arginatus SO

RICIDAE EULIPO
TYPHLA

Sorex sinalis SO
R
IC

IDAE EU
LIPO

TYPH
LA

Sorex alaskanus SO
R
IC

IDAE EU
LIPO

TYPH
LA

Anourosorex assamensis SORICIDAE EULIPOTYPHLA

Anourosorex squamipes SORICIDAE EULIPOTYPHLA

Anourosorex yamashinai SORICIDAE EULIPOTYPHLA

Anourosorex schmidi SORICIDAE EULIPOTYPHLA

Episoriculus fum
idus SORICIDAE EULIPOTYPHLA

Episoriculus m
acrurus 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 lam
ula SORICIDAE EULIPOTYPHLA

Chodsigoa sm
ithii SORICIDAE EULIPOTYPHLA

Chodsigoa hypsibia SORICIDAE EULIPOTYPHLA

Nectogale elegans SORICIDAE EULIPOTYPHLA

Chim
arrogale phaeura SORICIDAE EULIPOTYPHLA

Chim
arrogale sum

atrana SORICIDAE EULIPOTYPHLA

Chim
arrogale platycephalus SORICIDAE EULIPOTYPHLA

Chim
arrogale hantu SORICIDAE EULIPOTYPHLA

Chim
arrogale styani SORICIDAE EULIPOTYPHLA

Chim
arrogale him

alayica SORICIDAE EULIPOTYPHLA

Neomys fodiens SORICIDAE EULIPOTYPHLA

Neomys teres SORICIDAE EULIPOTYPHLA

Neomys anom
alus 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

M
egasorex 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
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O
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Nyc
tie

llu
s l

epidus N
ATA

LID
AE C

HIR
OPTERA

Nata
lus t

um
idiro

str
is 

NATA
LID

AE C
HIR

OPTERA

Nata
lus s

tra
m

ineus N
ATA

LID
AE C

HIR
OPTERA

Nata
lus m

exic
anus N

ATA
LID

AE C
HIR

OPTERA

Nata
lus p

rim
us N

ATA
LID

AE C
HIR

OPTERA

Nata
lus l

anatu
s N

ATA
LID

AE C
HIR

OPTERA

Nata
lus j

am
aice

nsis
 N

ATA
LID

AE C
HIR

OPTERA

Nata
lus m

ajor N
ATA

LID
AE C

HIR
OPTERA

Nata
lus s

atu
ra

tu
s N

ATA
LID

AE C
HIR

OPTERA

Nata
lus e

sp
irit

osa
nte

nsis
 N

ATA
LID

AE C
HIR

OPTERA

Chilo
nata

lus t
um

idifr
ons N

ATA
LID

AE C
HIR

OPTERA

Chilo
nata

lus m
icr

opus N
ATA

LID
AE C

HIR
OPTERA

Ta
darid

a ku
borie

nsis
 M

OLOSSID
AE C

HIR
OPTERA

Ta
darid

a a
egyp

tia
ca

 M
OLOSSID

AE C
HIR

OPTERA

Morm
opteru

s doria
e M

OLOSSID
AE C

HIR
OPTERA

Ta
darid

a jo
bim

ena M
OLOSSID

AE C
HIR

OPTERA

M
ops s

ara
sin

oru
m

 M
OLOSSID

AE C
HIR

OPTERA

Chaere
phon bemmeleni M

OLOSSID
AE C

HIR
OPTERA

Chaere
phon p

lic
atu

s M
OLOSSID

AE C
HIR

OPTERA

Chaere
phon g

alla
gheri 

M
OLOSSID

AE C
HIR

OPTERA

M
ops b

ra
ch

yp
te

ru
s M

OLOSSID
AE C

HIR
OPTERA

Mops n
iangara

e M
OLOSSID

AE C
HIR

OPTERA

Chaere
phon b

ivi
tta

tu
s M

OLOSSID
AE C

HIR
OPTERA

Chaere
phon to

mensis
 M

OLOSSID
AE C

HIR
OPTERA

Mops d
emonstr

ator M
OLOSSID

AE C
HIR

OPTERA

M
ops m

ops M
OLOSSID

AE C
HIR

OPTERA

M
ops s

purre
lli 

M
OLOSSID

AE C
HIR

OPTERA

Chaere
phon b

re
gulla

e M
OLOSSID

AE C
HIR

OPTERA

Chaere
phon m

ajor M
OLOSSID

AE C
HIR

OPTERA

M
ops p

ete
rs

oni M
OLOSSID

AE C
HIR

OPTERA

Chaere
phon jo

bensis
 M

OLOSSID
AE C

HIR
OPTERA

Chaere
phon anso

rg
ei M

OLOSSID
AE C

HIR
OPTERA

Mops t
re

vo
ri 

MOLOSSID
AE C

HIR
OPTERA

Chaere
phon aloys

iis
abaudiae M

OLOSSID
AE C

HIR
OPTERA

Chaere
phon atsi

nanana M
OLOSSID

AE C
HIR

OPTERA

Chaere
phon pumilu

s M
OLOSSID

AE C
HIR

OPTERA

Chaere
phon ch

apini M
OLOSSID

AE C
HIR

OPTERA

Mops n
ive

ive
nter M

OLOSSID
AE C

HIR
OPTERA

Chaere
phon jo

hore
nsis

 M
OLOSSID

AE C
HIR

OPTERA

Mops c
ondylu

ru
s M

OLOSSID
AE C

HIR
OPTERA

Mops n
anulus M

OLOSSID
AE C

HIR
OPTERA

Mops l
euco

sti
gma M

OLOSSID
AE C

HIR
OPTERA

M
ops c

ongicu
s M

OLOSSID
AE C

HIR
OPTERA

Mops b
aka

rii 
MOLOSSID

AE C
HIR

OPTERA

Chaere
phon so

lomonis 
MOLOSSID

AE C
HIR

OPTERA

Chaere
phon ru

ss
atus M

OLOSSID
AE C

HIR
OPTERA

Mops m
idas M

OLOSSID
AE C

HIR
OPTERA

Chaere
phon nigeria

e M
OLOSSID

AE C
HIR

OPTERA

Mops t
hersi

tes M
OLOSSID

AE C
HIR

OPTERA

Morm
opteru

s kitc
heneri M

OLOSSID
AE C

HIR
OPTERA

Morm
opteru

s lu
msdenae M

OLOSSID
AE C

HIR
OPTERA

Morm
opteru

s beccarii 
MOLOSSID

AE C
HIR

OPTERA

M
orm

opte
ru

s p
hru

dus M
OLOSSID

AE C
HIR

OPTERA

M
oloss

us c
urre

ntiu
m

 M
OLOSSID

AE C
HIR

OPTERA

Morm
opteru

s planiceps M
OLOSSID

AE C
HIR

OPTERA

Molossus barn
esi M

OLOSSID
AE C

HIR
OPTERA

Molossus pre
tio

sus M
OLOSSID

AE C
HIR

OPTERA

Morm
opteru

s halli 
MOLOSSID

AE C
HIR

OPTERA

M
oloss

us a
lva

re
zi 

M
OLOSSID

AE C
HIR

OPTERA

Morm
opteru

s lo
ria

e M
OLOSSID

AE C
HIR

OPTERA

Morm
opteru

s norfo
lke

nsis M
OLOSSID

AE C
HIR

OPTERA

Morm
opteru

s m
inutus M

OLOSSID
AE C

HIR
OPTERA

Morm
opteru

s eleryi M
OLOSSID

AE C
HIR

OPTERA

Sauro
mys petro

philu
s M

OLOSSID
AE C

HIR
OPTERA

Ta
darid

a brasilie
nsis M

OLOSSID
AE C

HIR
OPTERA

Otomops jo
hnstonei M

OLOSSID
AE C

HIR
OPTERA

Otomops papuensis M
OLOSSID

AE C
HIR

OPTERA

Otomops fo
rm

osus M
OLOSSID

AE C
HIR

OPTERA

Otomops w
roughtoni M

OLOSSID
AE C

HIR
OPTERA

Otomops secundus M
OLOSSID

AE
CHIR

OPTERA

Otomops m
artie

nsseni M
OLOSSID

AE C
HIR

OPTERA

Otomops m
adagascarie

nsis M
OLOSSID

AE C
HIR

OPTERANyctin
omops m

acrotis
 M

OLOSSID
AE C

HIR
OPTERA

Nyctin
omops auris

pinosus M
OLOSSID

AE C
HIR

OPTERA

Nyctin
omops fe

morosaccus M
OLOSSID

AE C
HIR

OPTERA

Nyctin
omops la

tic
audatus M

OLOSSID
AE C

HIR
OPTERA

Nyctin
omops kalin

owskii M
OLOSSID

AE C
HIR

OPTERA

Molossops m
atto

grossensis M
OLOSSID

AE C
HIR

OPTERA

Molossops te
mminckii M

OLOSSID
AE C

HIR
OPTERA

Molossops neglectus M
OLOSSID

AE C
HIR

OPTERA

Molossops aequatoria
nus M

OLOSSID
AE C

HIR
OPTERA

Cynomops abrasus M
OLOSSIDAE C

HIR
OPTERA

Cynomops greenhalli M
OLOSSIDAE C

HIR
OPTERA

Cynomops paranus M
OLOSSIDAE C

HIR
OPTERA

Cynomops m
exicanus M

OLOSSIDAE C
HIR

OPTERA

Cynomops planiro
stris

 M
OLOSSIDAE C

HIR
OPTERA

Molossus m
olossus M

OLOSSID
AE C

HIR
OPTERA

Molossus aztecus M
OLOSSID

AE C
HIR

OPTERA

Molossus ru
fus M

OLOSSID
AE C

HIR
OPTERA

Molossus coibensis M
OLOSSID

AE C
HIR

OPTERA

Ta
darid

a lo
bata M

OLOSSID
AE C

HIR
OPTERA

Promops nasutus M
OLOSSID

AE C
HIR

OPTERA

Promops centra
lis

 M
OLOSSID

AE C
HIR

OPTERA

Ta
darid

a ve
ntra

lis
 M

OLOSSID
AE C

HIR
OPTERA

Eumops hansae M
OLOSSID

AE C
HIR

OPTERA

Eumops patagonicus M
OLOSSID

AE C
HIR

OPTERA

Eumops bonarie
nsis M

OLOSSID
AE C

HIR
OPTERA

Eumops m
aurus M

OLOSSID
AE C

HIR
OPTERA

Eumops aurip
endulus M

OLOSSID
AE C

HIR
OPTERA

Eumops underw
oodi M

OLOSSID
AE C

HIR
OPTERA

Eumops dabbenei M
OLOSSID

AE C
HIR

OPTERA

Eumops chirib
aya

 M
OLOSSID

AE C
HIR

OPTERA

Eumops glaucinus M
OLOSSID

AE C
HIR

OPTERA

Eumops fe
rox M

OLOSSID
AE C

HIR
OPTERA

Eumops flo
rid

anus M
OLOSSID

AE C
HIR

OPTERA

Eumops tru
mbulli 

MOLOSSID
AE C

HIR
OPTERA

Eumops w
ils

oni M
OLOSSID

AE C
HIR

OPTERA

Eumops perotis
 M

OLOSSID
AE C

HIR
OPTERA

Ta
darid

a te
niotis

 M
OLOSSID

AE C
HIR

OPTERA

Ta
darid

a austra
lis

 M
OLOSSID

AE C
HIR

OPTERA

Ta
darid

a in
signis M

OLOSSID
AE C

HIR
OPTERA

Morm
opteru

s acetabulosus M
OLOSSID

AE C
HIR

OPTERA

Ta
darid

a fu
lm

inans M
OLOSSID

AE C
HIR

OPTERA

Moloss
us s

inaloae M
OLOSSID

AE C
HIR

OPTERA

Cheiro
m

eles t
orq

uatu
s M

OLOSSID
AE C

HIR
OPTERA

Cheiro
m

eles p
arv

idens M
OLOSSID

AE C
HIR

OPTERA

M
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s j
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 M
OLOSSID

AE C
HIR

OPTERA

M
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opte
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s f
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ui M

OLOSSID
AE C

HIR
OPTERA

Ta
darid

a la
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ei M
OLOSSID

AE C
HIR

OPTERA

M
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pte
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s w
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yi 
M

OLOSSID
AE C

HIR
OPTERA

M
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pte
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s d
aubento

nii M
OLOSSID

AE C
HIR

OPTERA

To
m

opeas r
avu

s M
OLOSSID

AE C
HIR

OPTERA

Platym
ops s

etig
er M

OLOSSID
AE C

HIR
OPTERA

Miniopterus shortri
dgei V

ESPERTILIO
NIDAE CHIROPTERA

Miniopterus griff
ith

si V
ESPERTILIO

NIDAE CHIROPTERA

Miniopterus ambohitre
nsis VESPERTILIO

NIDAE CHIROPTERA

Miniopterus gleni V
ESPERTILIO

NIDAE CHIROPTERA

Miniopterus sororculus VESPERTILIO
NIDAE CHIROPTERA

Miniopterus m
ajori V

ESPERTILIO
NIDAE CHIROPTERA

Miniopterus petersoni V
ESPERTILIO

NIDAE CHIROPTERA

Miniopterus newtoni V
ESPERTILIO

NIDAE CHIROPTERA

Miniopterus m
anavi V

ESPERTILIO
NIDAE CHIROPTERA

Miniopterus aelleni V
ESPERTILIO

NIDAE CHIROPTERA

Miniopterus m
inor V

ESPERTILIO
NIDAE CHIROPTERA

Miniopterus fra
terculus VESPERTILIO

NIDAE CHIROPTERA

Miniopterus ro
bustio

r V
ESPERTILIO

NIDAE C
HIR

OPTERA

Miniopterus m
ahafaliensis VESPERTILIO

NIDAE CHIROPTERA

Miniopterus paululus VESPERTILIO
NIDAE CHIROPTERA

Miniopterus griv
eaudi V

ESPERTILIO
NIDAE CHIROPTERA

Miniopterus natalensis VESPERTILIO
NIDAE CHIROPTERA

Miniopterus in
fla

tus VESPERTILIO
NIDAE C

HIR
OPTERA

Miniopterus egeri V
ESPERTILIO

NIDAE C
HIROPTERA

Miniopterus brachytra
gos VESPERTILIO

NIDAE CHIROPTERA

Miniopterus m
ossambicus VESPERTILIO

NIDAE C
HIR

OPTERA

Miniopterus schreibersii V
ESPERTILIO

NIDAE C
HIR

OPTERA

Miniopterus fu
scus VESPERTILIO

NIDAE C
HIR

OPTERA

Miniopterus fu
lig

inosus VESPERTILIO
NIDAE C

HIR
OPTERA

Miniopterus m
agnater V

ESPERTILIO
NIDAE C

HIR
OPTERA

Miniopterus austra
lis VESPERTILIO

NIDAE C
HIR

OPTERA

Miniopterus m
edius VESPERTILIO

NIDAE C
HIR

OPTERA

Miniopterus m
acrocneme VESPERTILIO

NIDAE C
HIR

OPTERA

Miniopterus pusillu
s VESPERTILIO

NIDAE C
HIR

OPTERA

Miniopterus oceanensis VESPERTILIO
NIDAE C

HIR
OPTERA

Miniopterus tri
stis

 VESPERTILIO
NIDAE C

HIR
OPTERA

Miniopterus m
aghrebensis VESPERTILIO

NIDAE CHIROPTERA

Scoteanax ru
eppellii 

VESPERTILIONIDAE CHIROPTERA

Mimetillu
s m

oloneyi V
ESPERTILIONIDAE CHIROPTERA

Phoniscus jagorii V
ESPERTILIONIDAE CHIROPTERA

Phoniscus atro
x VESPERTILIONIDAE CHIROPTERA

Phoniscus papuensis VESPERTILIONIDAE CHIROPTERA

Phoniscus aerosa VESPERTILIONIDAE CHIROPTERA

Cistugo seabrae VESPERTILIO
NIDAE CHIROPTERA

Cistugo le
sueuri V

ESPERTILIO
NIDAE CHIROPTERA

Eudiscoderm
a th

ongareeae VESPERTILIONIDAE CHIROPTERA

Eudiscopus denticulus VESPERTILIO
NIDAE 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 CHIROPTERA
Neoromicia 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 CHIROPTERA
Pipistrellus 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

Keriv
oula cuprosa VESPERTILIO

NIDAE CHIROPTERA

Keriv
oula picta VESPERTILIO

NIDAE CHIROPTERA

Keriv
oula m

yrella VESPERTILIO
NIDAE CHIROPTERA

Kerivoula smithii V
ESPERTILIONIDAE CHIROPTERA

Kerivoula lenis VESPERTILIONIDAE CHIROPTERA

Keriv
oula papillo

sa VESPERTILIO
NIDAE CHIROPTERA

Kerivoula hardwickii V
ESPERTILIONIDAE CHIROPTERA

Kerivoula argentata VESPERTILIONIDAE CHIROPTERA

Keriv
oula la

nosa VESPERTILIO
NIDAE CHIROPTERA

Kerivoula tita
nia VESPERTILIONIDAE CHIROPTERA

Kerivoula kachinensis VESPERTILIONIDAE CHIROPTERA

Keriv
oula agnella VESPERTILIO

NIDAE CHIROPTERA

Kerivoula m
uscina VESPERTILIONIDAE CHIROPTERA

Kerivoula whiteheadi V
ESPERTILIONIDAE CHIROPTERA

Kerivoula krauensis VESPERTILIONIDAE CHIROPTERA

Keriv
oula afric

ana VESPERTILIO
NIDAE CHIROPTERA

Kerivoula m
inuta VESPERTILIONIDAE CHIROPTERA

Kerivoula flo
ra VESPERTILIONIDAE CHIROPTERA

Kerivoula interm
edia VESPERTILIONIDAE CHIROPTERA

Kerivoula erio
phora VESPERTILIONIDAE CHIROPTERA

Keriv
oula pellucida VESPERTILIO

NIDAE CHIROPTERA

Keriv
oula phalaena VESPERTILIO

NIDAE CHIROPTERA

Harpiola isodon VESPERTILIONIDAE CHIROPTERA

Harpiola grisea VESPERTILIONIDAE CHIROPTERA

Murina ryukyuana VESPERTILIONIDAE CHIROPTERA

Murina ussuriensis VESPERTILIONIDAE CHIROPTERA

Murina huttoni V
ESPERTILIONIDAE CHIROPTERA

Murina tie
nsa VESPERTILIONIDAE CHIROPTERA

Murina harris
oni V

ESPERTILIONIDAE CHIROPTERA

Murin
a chrysochaetes VESPERTILIONIDAE CHIROPTERA

Murin
a harpioloides VESPERTILIONIDAE CHIROPTERA

Murina cyclotis VESPERTILIONIDAE CHIROPTERA

Murina fio
nae VESPERTILIONIDAE CHIROPTERA

Murina peninsularis VESPERTILIONIDAE CHIROPTERA

Murina fusca VESPERTILIONIDAE CHIROPTERA

Murina loreliae VESPERTILIONIDAE CHIROPTERA

Murina rozendaali V
ESPERTILIONIDAE 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 flo
rium VESPERTILIONIDAE CHIROPTERA

Murina beelzebub VESPERTILIONIDAE CHIROPTERA
Murina walstoni VESPERTILIONIDAE CHIROPTERA

Murina aenea VESPERTILIONIDAE CHIROPTERA

Murina annamitic
a 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 V
ESPERTILIONIDAE CHIROPTERA

Murina leucogaster V
ESPERTILIONIDAE CHIROPTERA

Murina shuipuensis VESPERTILIONIDAE CHIROPTERA

Scotozous dorm
eri V

ESPERTILIONIDAE CHIROPTERA

Harpiocephalus m
ordax 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 fim
briatus VESPERTILIONIDAE CHIROPTERA

Myotis pilosus VESPERTILIONIDAE CHIROPTERA

Myotis daubentonii VESPERTILIONIDAE CHIROPTERA

Myotis hasseltii V
ESPERTILIONIDAE 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 morris
i VESPERTILIONIDAE CHIROPTERA

Myotis goudoti V
ESPERTILIONIDAE CHIROPTERA

Myotis flavus VESPERTILIONIDAE CHIROPTERA

Myotis emarginatus VESPERTILIONIDAE CHIROPTERA

Myotis tric
olor VESPERTILIONIDAE CHIROPTERA

Myotis peninsularis VESPERTILIONIDAE CHIROPTERA

Myotis scotti V
ESPERTILIONIDAE CHIROPTERA

Myotis bocagii V
ESPERTILIONIDAE CHIROPTERA

Myotis formosus VESPERTILIONIDAE CHIROPTERA

Myotis aelleni VESPERTILIONIDAE CHIROPTERA

Myotis welwitschii V
ESPERTILIONIDAE CHIROPTERA

Myotis mystacinus VESPERTILIONIDAE CHIROPTERA

Myotis alcathoe VESPERTILIONIDAE CHIROPTERA

Myotis simus VESPERTILIONIDAE CHIROPTERA

Myotis elegans VESPERTILIONIDAE CHIROPTERA

Myotis rip
arius VESPERTILIONIDAE CHIROPTERA

Myotis ruber VESPERTILIONIDAE CHIROPTERA

Myotis midastactus VESPERTILIONIDAE CHIROPTERA

Myotis keaysi VESPERTILIONIDAE CHIROPTERA

Myotis vivesi VESPERTILIONIDAE CHIROPTERA

Myotis nesopolus VESPERTILIONIDAE CHIROPTERA

Myotis martin
iquensis 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 fortid
ens 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 V
ESPERTILIONIDAE CHIROPTERA

Myotis sodalis VESPERTILIONIDAE CHIROPTERA

Myotis oreias VESPERTILIONIDAE CHIROPTERA

Myotis volans VESPERTILIONIDAE CHIROPTERA

Myotis auriculus VESPERTILIONIDAE CHIROPTERA

Myotis septentrio
nalis VESPERTILIONIDAE CHIROPTERA

Myotis cobanensis VESPERTILIONIDAE CHIROPTERA

Myotis diminutus VESPERTILIONIDAE CHIROPTERA

Myotis ciliolabrum VESPERTILIONIDAE CHIROPTERA

Myotis stalkeri V
ESPERTILIONIDAE CHIROPTERA

Myotis melanorhinus VESPERTILIONIDAE CHIROPTERA

Myotis
leibii V

ESPERTILIONIDAE CHIROPTERA

Myotis californicus VESPERTILIONIDAE CHIROPTERA

Myotis bucharensis VESPERTILIONIDAE CHIROPTERA

Myotis lucifugus VESPERTILIONIDAE CHIROPTERA

Myotis dinellii V
ESPERTILIONIDAE CHIROPTERA

Myotis keenii V
ESPERTILIONIDAE CHIROPTERA

Myotis evotis VESPERTILIONIDAE CHIROPTERA

Myotis badius VESPERTILIONIDAE CHIROPTERA

Myotis thysanodes VESPERTILIONIDAE CHIROPTERA

Scotorepens orio
n VESPERTILIONIDAE CHIROPTERA

Scotorepens greyii V
ESPERTILIONIDAE CHIROPTERA

Scotorepens sanborni V
ESPERTILIONIDAE CHIROPTERA

Scotorepens balstoni V
ESPERTILIONIDAE CHIROPTERA

Pharotis im
ogene VESPERTILIO

NIDAE CHIROPTERA
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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 SCANDENTIA
Tupaia splendidula TUPAIIDAE SCANDENTIA

Tupaia 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 PRIMATES

Hapalemur griseus LEMURIDAE PRIMATES

Eulemur macaco LEMURIDAE PRIMATES
Eulemur 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 PRIMATES
Lepilemur aeeclis LEPILEMURIDAE PRIMATES

Lepilemur hubbardorum LEPILEMURIDAE PRIMATES

Lepilemur ruficaudatus LEPILEMURIDAE PRIMATES
Lepilemur 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 PRIMATES
Cheirogaleus 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 PRIMATES
Microcebus 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 PRIMATES
Callicebus 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 PRIMATES
Macaca 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
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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 sum
atrae HYSTRICIDAE RODENTIA

Hystrix indica HYSTRICIDAE RODENTIA

Atherurus africanus HYSTRICIDAE RODENTIA

Thryonomys swinderianus THRYONOM
YIDAE RODENTIA

Thryonomys gregorianus THRYONOM
YIDAE RODENTIA

Petromus typicus PETROM
URIDAE RODENTIA

Heterocephalus glaber HETEROCEPHALIDAE RODENTIA

Heliophobius argenteocinereus BATHYERGIDAE RODENTIA

Fukom
ys vandewoestijneae BATHYERGIDAE RODENTIA

Fukom
ys ilariae BATHYERGIDAE RODENTIA

Fukom
ys bocagei BATHYERGIDAE RODENTIA

Fukom
ys m

echowi BATHYERGIDAE RODENTIA

Fukom
ys anselli BATHYERGIDAE RODENTIA

Fukom
ys darlingi BATHYERGIDAE RODENTIA

Fukom
ys kafuensis BATHYERGIDAE RODENTIA

Fukom
ys foxi BATHYERGIDAE RODENTIA

Fukom
ys dam

arensis BATHYERGIDAE RODENTIA

Fukom
ys am

atus BATHYERGIDAE RODENTIA

Fukom
ys m

icklem
i BATHYERGIDAE RODENTIA

Fukom
ys zechi BATHYERGIDAE RODENTIA

Fukom
ys whytei BATHYERGIDAE RODENTIA

Fukom
ys ochraceocinereus BATHYERGIDAE RODENTIA

Cryptom
ys hottentotus BATHYERGIDAE

RODENTIA

Georychus capensis BATHYERGIDAE RODENTIA

Bathyergus suillus BATHYERGIDAE RODENTIA

Bathyergus janetta BATHYERGIDAE RODENTIA

Cuniculus taczanowskii CUNICULIDAE RODENTIA

Cuniculus paca CUNICULIDAE RODENTIA

M
yoprocta pratti DASYPROCTIDAE RODENTIA

M
yoprocta acouchy DASYPROCTIDAE RODENTIA

Dasyprocta punctata DASYPROCTIDAE RODENTIA

Dasyprocta kalinowskii DASYPROCTIDAE RODENTIA

Dasyprocta coibae DASYPROCTIDAE RODENTIA

Dasyprocta leporina DASYPROCTIDAE RODENTIA

Dasyprocta prym
nolopha DASYPROCTIDAE RODENTIA

Dasyprocta azarae DASYPROCTIDAE RODENTIA

Dasyprocta fuliginosa DASYPROCTIDAE RODENTIA

Dasyprocta ruatanica DASYPROCTIDAE RODENTIA

Dasyprocta guam
ara DASYPROCTIDAE RODENTIA

Dasyprocta m
exicana DASYPROCTIDAE RODENTIA

Dasyprocta cristata DASYPROCTIDAE RODENTIA

Kerodon rupestris CAVIIDAE RO
DENTIA

Kerodon acrobata CAVIIDAE RODENTIA

Hydrochoerus isthm
ius CAVIIDAE RODENTIA

Hydrochoerus hydrochaeris CAVIIDAE RODENTIA

Dolichotis salinicola CAVIIDAE RODENTIA

Dolichotis patagonum
 CAVIIDAE RODENTIA

G
alea m

usteloides CAVIIDAE RO
DENTIA

G
alea spixii CAVIIDAE RO

DENTIA

Galea m
onasteriensis CAVIIDAE RO

DENTIA

G
alea flavidens CAVIIDAE RO

DENTIA

M
icrocavia australis CAVIIDAE RO

DENTIA

M
icrocavia shiptoni CAVIIDAE RO

DENTIA

M
icrocavia niata CAVIIDAE RO

DENTIA

Cavia tschudii CAVIIDAE RO
DENTIA

Cavia porcellus CAVIIDAE RO
DENTIA

Cavia
patzelti CAVIIDAE RO

DENTIA

Cavia aperea CAVIIDAE RO
DENTIA

Cavia fulgida CAVIIDAE RO
DENTIA

Cavia m
agna CAVIIDAE RO

DENTIA

Cavia interm
edia CAVIIDAE RO

DENTIA

Erethizon dorsatum
 ERETHIZO

NTIDAE RO
DENTIA

Coendou quichua ERETHIZO
NTIDAE RO

DENTIA

Coendou rufescens ERETHIZO
NTIDAE RO

DENTIA

Coendou m
exicanus ERETHIZO

NTIDAE RO
DENTIA

Coendou baturitensis ERETHIZO
NTIDAE RO

DENTIA

Coendou roosm
alenorum

 ERETHIZO
NTIDAE RO

DENTIA

Coendou prehensilis ERETHIZO
NTIDAE RO

DENTIA

Coendou bicolor ERETHIZO
NTIDAE RO

DENTIA

Coendou spinosus ERETHIZO
NTIDAE RO

DENTIA

Coendou insidiosus ERETHIZO
NTIDAE RO

DENTIA

Coendou nycthem
era ERETHIZO

NTIDAE RO
DENTIA

Coendou speratus ERETHIZO
NTIDAE RO

DENTIA

Coendou m
elanurus ERETHIZO

NTIDAE RO
DENTIA

Coendou pruinosus ERETHIZO
NTIDAE RO

DENTIA

Coendou vestitus ERETHIZO
NTIDAE RO

DENTIA

Coendou ichillus ERETHIZO
NTIDAE RO

DENTIA

Chaetom
ys subspinosus ERETHIZO

NTIDAE RO
DENTIA

Dinom
ys branickii DINO

M
YIDAE RO

DENTIA

Lagostom
us m

axim
us CHINCHILLIDAE RO

DENTIA

Lagostom
us crassus CHINCHILLIDAE RO

DENTIA

Lagidium
 wolffsohni CHINCHILLIDAE RO

DENTIA

Lagidium
 viscacia CHINCHILLIDAE RO

DENTIA

Lagidium
 peruanum

 CHINCHILLIDAE RO
DENTIA

Lagidium
 ahuacaense CHINCHILLIDAE RO

DENTIA

Chinchilla lanigera CHINCHILLIDAE RO
DENTIA

Chinchilla chinchilla CHINCHILLIDAE RO
DENTIA

G
eocaprom
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G
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M
ysateles prehensilis C
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P
R
O
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N
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M
ysateles m
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A
P
R
O
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N
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M
ysateles garridoi C

A
P
R
O
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N
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M
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A
P
R
O
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N
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M
esocaprom

ys sanfelipensis C
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P
R
O
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Y
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M
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elanurus C
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M
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ys angelcabrerai C
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O

M
Y
ID
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ys auritus C
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O
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Isolobodon portoricensis C
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O
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O
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rotom
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H
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TIA

C
aprom

ys pilorides C
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O
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P
lagiodontia ipnaeum
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A
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O
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O
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Thrichom
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TIA
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ys m

yosuros E
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N
TIA

H
oplom

ys gym
nurus E
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E
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P
roechim

ys echinothrix E
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IM
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TIA
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roechim

ys urichi E
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IM
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TIA

P
roechim

ys goeldii E
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IM
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N
TIA

P
roechim

ys hoplom
yoides E
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IM
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E
N
TIA

P
roechim

ys decum
anus E
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H
IM
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 R
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E
N
TIA

P
roechim

ys canicollis E
C
H
IM
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ID
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E
 R

O
D
E
N
TIA

P
roechim

ys gardneri E
C
H
IM
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E
 R
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D
E
N
TIA

P
roechim

ys oconnelli E
C
H
IM
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ID
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E
 R
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D
E
N
TIA

P
roechim

ys quadruplicatus E
C
H
IM
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ID
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E
 R

O
D
E
N
TIA

P
roechim

ys pattoni E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys guairae E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys steerei E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys sim
onsi E

C
H
IM

Y
ID
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E
 R
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D
E
N
TIA

P
roechim

ys m
incae E

C
H
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ID
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E
 R
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D
E
N
TIA

P
roechim

ys chrysaeolus E
C
H
IM

Y
ID
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E
 R
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D
E
N
TIA

P
roechim

ys roberti E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys longicaudatus E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys m
agdalenae E

C
H
IM

Y
ID

A
E
 R
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D
E
N
TIA

P
roechim

ys sem
ispinosus E

C
H
IM

Y
ID

A
E
 R
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D
E
N
TIA

P
roechim

ys poliopus E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys brevicauda E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys cuvieri E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys kulinae
E
C
H
IM

Y
ID
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E
 R
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D
E
N
TIA

P
roechim

ys trinitatus E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

P
roechim

ys guyannensis E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

C
allistom

ys pictus E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

Isothrix sinnam
ariensis E

C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

Isothrix pagurus E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

Isothrix orinoci E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

Isothrix negrensis E
C
H
IM

Y
ID

A
E
 R

O
D
E
N
TIA

Isothrix bistriata E
C
H
IM

Y
ID

A
E
 R
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D
E
N
TIA

Isothrix barbarabrow
nae E

C
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IM
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ID

A
E
 R
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D
E
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TIA

M
yocastor coypus M
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 R
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E
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TIA
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ys occultus E
C

H
IM

Y
ID

A
E
 R

O
D

E
N

TIA
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ys stim
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ys nigrispinus E
C
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hyllom

ys thom
asi E
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ys sulinus E
C
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ys dasythrix E
C
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P
hyllom

ys lundi E
C

H
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hyllom

ys kerri E
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edius E

C
H

IM
Y
ID

A
E
 R

O
D

E
N

T
IA
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hyllom

ys pattoni E
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IA

P
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ys m
antiqueirensis E
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E
chim

ys vieirai E
C

H
IM
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ID

A
E
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N
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E
chim

ys chrysurus E
C

H
IM
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ID
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E
 R
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D

E
N
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IA

E
chim

ys saturnus E
C

H
IM

Y
ID

A
E
 R
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D

E
N
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IA

Torom
ys rhipidurus E

C
H

IM
Y
ID

A
E
 R
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D

E
N

TIA

Torom
ys grandis E

C
H

IM
Y
ID

A
E
 R

O
D

E
N

TIA

P
attonom

ys sem
ivillosus E

C
H

IM
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ID

A
E
 R
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D

E
N

TIA

P
attonom

ys occasius E
C

H
IM
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ID

A
E
 R
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D

E
N

TIA

D
actylom

ys peruanus E
C

H
IM

Y
ID

A
E
 R
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D

E
N

TIA

D
actylom

ys dactylinus E
C

H
IM

Y
ID

A
E
 R
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D

E
N

TIA

D
actylom

ys boliviensis E
C

H
IM
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ID
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TIA

O
lallam

ys edax E
C

H
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TIA
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C
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TIA

K
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D
iplom
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C
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 R
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TIA

D
iplom
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C
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IM
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ID
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TIA

S
antam

artam
ys rufodorsalis E
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 R
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 R
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Trinom
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TIA
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TIA
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TIA

Thrichom
ys fosteri E
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TIA

Thrichom
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AE R
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Xeromys myoides MURIDAE RODENTIA

Anonymomys mindorensis MURIDAE RODENTIA
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Leptomys elegans MURIDAE RODENTIA

Leptomys signatus MURIDAE RODENTIA

Leptomys ernstmayri M
URIDAE RODENTIA

Hydromys chrysogaster M
URIDAE RODENTIA

Hydromys hussoni M
URIDAE RODENTIA

Hydromys ziegleri M
URIDAE RODENTIA

Hydromys neobrita
nnicus MURIDAE RODENTIA

Parahydromys asper M
URIDAE RODENTIA

Lenothrix canus MURIDAE RODENTIA

Crossomys moncktoni M
URIDAE 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 RODENTIA
Melomys 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 M
URIDAE 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
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Mesembriomys macrurus MURIDAE RODENTIA

Mesembriomys gouldii MURIDAE RODENTIA

Notomys alexis MURIDAE RODENTIA

Notomys longicaudatus MURIDAE RODENTIA

Notomys aquilo MURIDAE RODENTIA
Notomys mordax MURIDAE RODENTIA

Notomys cervinus MURIDAE RODENTIA

Notomys macrotis MURIDAE RODENTIA

Notomys mitchellii M
URIDAE 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 shortrid
gei MURIDAE RODENTIA

Pseudomys gracilicaudatus MURIDAE RODENTIA

Pseudomys higginsi MURIDAE RODENTIA

Pseudomys pillig
aensis 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 M
URIDAE 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 M
URIDAE RODENTIA

Tateomys rhinogradoides MURIDAE RODENTIA

Tateomys macrocercus MURIDAE RODENTIA

Protochromys fellowsi M
URIDAE RODENTIA

Coccymys kirrh
os MURIDAE RODENTIA

Coccymys albidens MURIDAE RODENTIA

Coccymys ruemmleri M
URIDAE RODENTIA

Anisomys im
itator M

URIDAE RODENTIA
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podomys m
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URIDAE RODENTIA

Chiro
podomys karlkoopmani M
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s M
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URIDAE RODENTIA
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podomys calamianensis M
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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 RODENTIA
Mus 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 RODENTIA
Mus haussa MURIDAE RODENTIA

Mus vulcani MURIDAE RODENTIA

Mus tenellus MURIDAE RODENTIA

Mus phillipsi MURIDAE RODENTIA

Mus minutoides MURIDAE RODENTIAMus musculoides MURIDAE RODENTIA
Mus indutus MURIDAE RODENTIA

Mus neavei MURIDAE RODENTIA
Mus 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 RODENTIA
Zelotomys hildegardeae MURIDAE RODENTIA
Colomys 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 RODENTIA
Aethomys 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 RODENTIA
Pelomys isseli MURIDAE RODENTIA
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Rhabdomys pumilio MURIDAE RODENTIA

Madromys blanfordi MURIDAE RODENTIA

Lamottemys okuensis MURIDAE RODENTIA
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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 RODENTIA
Arvicanthis neumanni MURIDAE RODENTIA

Arvicanthis niloticus MURIDAE RODENTIA

Arvicanthis abyssinicus MURIDAE RODENTIA

Desmomys yaldeni MURIDAE RODENTIA

Desmomys harringtoni MURIDAE RODENTIA

Dasymys foxi MURIDAE RODENTIA
Dasymys 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 RODENTIA
Hybomys lunaris MURIDAE RODENTIA

Hybomys basilii MURIDAE RODENTIAOenomys ornatus MURIDAE RODENTIA

Oenomys hypoxanthus MURIDAE RODENTIA

Abditomys latidens MURIDAE RODENTIA

Golunda ellioti MURIDAE RODENTIA

Papagomys armandvillei M
URIDAE 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 RODENTIA
Cremnomys elvira MURIDAE RODENTIA

Cremnomys cutchicus MURIDAE RODENTIA

Microhydromys richardsoni MURIDAE RODENTIA

Microhydromys argenteus MURIDAE RODENTIA

Hadromys yunnanensis MURIDAE RODENTIA

Hadromys humei M
URIDAE RODENTIA
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Bato
m

ys
 ru

ss
atu

s M
URID

AE R
ODENTIA

Bato
m

ys
 sa

lom
onse

ni M
URID

AE R
ODENTIA

Bato
m

ys
 u

ra
gon M

URID
AE R

ODENTIA

Bato
m

ys
 g

ra
nti M

URID
AE R

ODENTIA

Bato
m

ys
 d

enta
tu

s M
URID

AE R
ODENTIA

Cra
te

ro
m

ys
 a

ustr
alis

 M
URID

AE R
ODENTIA

Cra
te

ro
m

ys
 sc

hadenberg
i M

URID
AE R

ODENTIA

Cra
te

ro
m

ys
 h

eaneyi 
M

URID
AE R

ODENTIA

Cra
te

ro
m

ys
 p

aulus M
URID

AE R
ODENTIA

Carp
om

ys
 p

haeuru
s M

URID
AE R

ODENTIA

Carp
om

ys
 m

elanuru
s M

URID
AE R

ODENTIA

M
uss

ero
m

ys
 a

nacu
ao M

URID
AE R

O
DENTIA

M
uss

ero
m

ys
 in

opin
atu

s 
M

URID
AE R

O
DENTIA

M
uss

ero
m

ys
 b

enefic
us M

URID
AE R

ODENTIA

M
uss

ero
m

ys
 g

ula
nta

ng M
URID

AE R
O

DENTIA

M
icro

d
ip

o
d
o
p
s p

a
llid

u
s H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

M
icro

d
ip

o
d
o
p
s m

e
g
a
ce

p
h
a
lu

s H
E

T
E

R
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

D
ip

o
d
o
m

ys sp
e
cta

b
ilis H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

ys n
e
lso

n
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

ys d
e
se

rti H
E

T
E

R
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

D
ip

o
d
o
m

y
s
 o

rd
ii H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 c

o
m

p
a
c
tu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 h

e
e
rm

a
n
n
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 p

a
n
a
m

in
tin

u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 s

te
p
h
e
n
s
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 m

ic
ro

p
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 c

a
lifo

rn
ic

u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 s

im
u
la

n
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 a

g
ilis

 H
E

T
E

R
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

D
ip

o
d
o
m

y
s
 ve

n
u
s
tu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 g

ra
v
ip

e
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 in

g
e
n
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

ys
 e

la
to

r H
E

T
E

R
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

D
ip

o
d
o
m

ys p
h
illip

sii H
E

T
E

R
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

D
ip

o
d
o
m

y
s
 in

s
u
la

ris
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 m

e
rria

m
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

ys n
itra

to
id

e
s H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

D
ip

o
d
o
m

y
s
 m

a
rg

a
rita

e
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

T
h
o
m

o
m

y
s
 b

u
lb

ivo
ru

s
 G

E
O

M
Y

ID
A

E
R

O
D

E
N

T
IA

T
h
o
m

o
m

y
s
 a

tro
va

riu
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

T
h
o
m

o
m

y
s
 s

h
e
ld

o
n
i G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

T
h
o
m

o
m

y
s
 n

a
ya

re
n
s
is

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA
T

h
o
m

o
m

y
s
 c

lu
s
iu

s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

T
h
o
m

o
m

y
s
 b

o
tta

e
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

T
h
o
m

o
m

y
s
 u

m
b
rin

u
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

T
h
o
m

o
m

y
s
 to

w
n
s
e
n
d
ii

G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

T
h
o
m

o
m

y
s
 m

o
n
tic

o
la

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

T
h
o
m

o
m

y
s
 id

a
h
o
e
n
s
is

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

T
h
o
m

o
m

y
s
 m

a
z
a
m

a
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

T
h
o
m

o
m

y
s
 ta

lp
o
id

e
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

G
e
o
m

y
s
 p

in
e
tis

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

G
e
o
m

y
s
 b

re
v
ic

e
p
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

G
e
o
m

y
s
 tro

p
ic

a
lis

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

G
e
o
m

y
s
 p

e
rs

o
n
a
tu

s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

G
e
o
m

y
s
 s

tre
c
ke

ri G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

G
e
o
m

y
s
 a

ttw
a
te

ri G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

G
e
o
m

y
s
 b

u
rs

a
riu

s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

G
e
o
m

y
s
 te

xe
n
s
is

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

G
e
o
m

y
s
 k

n
o
x
jo

n
e
s
i G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

G
e
o
m

y
s
 a

re
n
a
riu

s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

Z
y
g
o
g
e
o
m

y
s
 tric

h
o
p
u
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

P
a
p
p
o
g
e
o
m

y
s
 b

u
lle

ri G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

P
a
p
p
o
g
e
o
m

y
s
 a

lc
o
rn

i G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

O
rth

o
g
e
o
m

y
s
 g

ra
n
d
is

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

O
rth

o
g
e
o
m

y
s
 la

n
iu

s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

O
rth

o
g
e
o
m

y
s
 h

is
p
id

u
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

O
rth

o
g
e
o
m

y
s
 u

n
d
e
rw

o
o
d
i G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

O
rth

o
g
e
o
m

y
s
 h

e
te

ro
d
u
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

O
rth

o
g
e
o
m

y
s
 c

h
e
rrie

i G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

O
rth

o
g
e
o
m

y
s
 m

a
ta

g
a
lp

a
e
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

O
rth

o
g
e
o
m

y
s
 d

a
rie

n
s
is

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

O
rth

o
g
e
o
m

y
s
 c

u
n
ic

u
lu

s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

O
rth

o
g
e
o
m

y
s
 th

a
e
le

ri G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

O
rth

o
g
e
o
m

y
s
 c

a
va

to
r G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

C
ra

to
g
e
o
m

y
s
 p

la
n
ic

e
p
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

C
ra

to
g
e
o
m

y
s
 fu

m
o
s
u
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

C
ra

to
g
e
o
m

y
s
 p

e
ro

te
n
s
is

 G
E

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
ra

to
g
e
o
m

y
s
 m

e
rria

m
i G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

C
ra

to
g
e
o
m

y
s
 fu

lve
s
c
e
n
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

C
ra

to
g
e
o
m

y
s
 g

o
ld

m
a
n
i G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

C
ra

to
g
e
o
m

y
s
 c

a
s
ta

n
o
p
s
 G

E
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

L
io

m
y
s
 s

a
lv

in
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

L
io

m
y
s
 a

d
s
p
e
rs

u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

L
io

m
y
s
 irro

ra
tu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

L
io

m
y
s
 s

p
e
c
ta

b
ilis

 H
E

T
E

R
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

L
io

m
y
s
 p

ic
tu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 o

a
s
ic

u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 a

n
o
m

a
lu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 a

u
s
tra

lis
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 n

u
b
ic

o
le

n
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 o

re
s
te

ru
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 d

e
s
m

a
re

s
tia

n
u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 g

a
u
m

e
ri H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 n

e
ls

o
n
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 te

le
u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

H
e
te

ro
m

y
s
 c

a
to

p
te

riu
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

P
e
ro

g
n
a
th

u
s
 fa

s
c
ia

tu
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA
P

e
ro

g
n
a
th

u
s
 fla

v
u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

P
e
ro

g
n
a
th

u
s
 m

e
rria

m
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

P
e
ro

g
n
a
th

u
s
 fla

ve
s
c
e
n
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

P
e
ro

g
n
a
th

u
s
 lo

n
g
im

e
m

b
ris

 H
E

T
E

R
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

P
e
ro

g
n
a
th

u
s
 in

o
rn

a
tu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

P
e
ro

g
n
a
th

u
s
 a

m
p
lu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

P
e
ro

g
n
a
th

u
s
 p

a
rv

u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

P
e
ro

g
n
a
th

u
s
 a

ltic
o
lu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 c

a
lifo

rn
ic

u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 fa

lla
x
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 a

re
n
a
riu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 d

a
lq

u
e
s
ti H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 s

p
in

a
tu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 p

e
rn

ix
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 e

re
m

ic
u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 p

e
n
ic

illa
tu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 lin

e
a
tu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 in

te
rm

e
d
iu

s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 n

e
ls

o
n
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s

g
o
ld

m
a
n
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 a

rtu
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 h

is
p
id

u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 fo

rm
o
s
u
s
 H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 b

a
ile

y
i H

E
T

E
R

O
M

Y
ID

A
E

 R
O

D
E

N
T

IA

C
h
a
e
to

d
ip

u
s
 ru

d
in

o
ris

 H
E

T
E

R
O

M
Y

ID
A

E
 R

O
D

E
N

T
IA

C
a
sto

r fib
e
r C

A
S

T
O

R
ID

A
E

 R
O

D
E

N
T

IA

C
a
sto

r ca
n
a
d
e
n
sis C

A
S

T
O

R
ID

A
E

 R
O

D
E

N
T

IA

P
e
d
e
te

s su
rd

a
ste

r P
E

D
E

T
ID

A
E

 R
O

D
E

N
T

IA

P
e
d
e
te

s ca
p
e
n
sis P

E
D

E
T

ID
A

E
 R

O
D

E
N

T
IA

Z
e
n
ke

re
lla

 in
sig

n
is A

N
O

M
A

L
U

R
ID

A
E

 R
O

D
E

N
T

IA

Id
iu

ru
s ze

n
ke

ri A
N

O
M

A
L
U

R
ID

A
E

 R
O

D
E

N
T

IA

Id
iu

ru
s m

a
cro

tis A
N

O
M

A
L
U

R
ID

A
E

 R
O

D
E

N
T

IA

A
n
o
m

a
lu

ru
s d

e
rb

ia
n
u
s A

N
O

M
A

L
U

R
ID

A
E

 R
O

D
E

N
T

IA

A
n
o
m

a
lu

ru
s b

e
e
cro

fti A
N

O
M

A
L
U

R
ID

A
E

 R
O

D
E

N
T

IA

A
n
o
m

a
lu

ru
s p

e
lii A

N
O

M
A

L
U

R
ID

A
E

 R
O

D
E

N
T

IA

A
n
o
m

a
lu

ru
s p

u
sillu

s A
N

O
M

A
L
U

R
ID

A
E

 R
O

D
E

N
T

IA

Rhyncholestes raphanurus CAENOLESTIDAE PAUCITUBERCULATA
Lestoros inca CAENOLESTIDAE PAUCITUBERCULATA

Caenolestes fuliginosus CAENOLESTIDAE PAUCITUBERCULATA

Caenolestes sangay CAENOLESTIDAE PAUCITUBERCULATA
Caenolestes caniventer CAENOLESTIDAE PAUCITUBERCULATA
Caenolestes condorensis CAENOLESTIDAE PAUCITUBERCULATA

Caenolestes convelatus CAENOLESTIDAE PAUCITUBERCULATA

Glironia venusta DIDELPHIDAE DIDELPHIMORPHIAHyladelphys kalinowskii DIDELPHIDAE DIDELPHIMORPHIATlacuatzin canescens DIDELPHIDAE DIDELPHIMORPHIA

Marmosa andersoni DIDELPHIDAE DIDELPHIMORPHIA
Marmosa 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 DIDELPHIMORPHIA
Monodelphis 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 DIDELPHIMORPHIA
Monodelphis 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 DIDELPHIMORPHIA
Lutreolina 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 DIDELPHIMORPHIA
Philander 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 PERAMELEMORPHIA
Perameles 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 1. Species-level relationships and tempo of diversification across mammals. The node-dated molecular phylogeny of 5,911 extant and recently extinct species
shows branches colored with tip-level speciation rates (tip DR metric; interior branches reconstructed using Brownian motion for visual purposes only). Zoom in to the
branch tips to see species labels (gray branches of 1,813 species are included via taxonomic constraints rather than DNA). The maximum clade credibility topology of
10,000 trees is shown, and numbered clade labels correspond to orders and subclades listed in the plot periphery: scale in Ma. Dryad data: https://doi.org/10.5061/dryad.
tb03d03; phylogeny subsets: http://vertlife.org/phylosubsets. Afro, Afrotheria; Euar, Euarchontoglires; Lago, Lagomorpha; Laur, Laurasiatheria; Ma, millions of years;
Mars, Marsupialia; tip DR, tip-level pure-birth diversification rate; X, Xenarthra. Artwork from phylopic.org and open source fonts (see S1 Text, section 9 for detailed
credits).
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Fig 2. Building the backbone-and-patch Mammalia phylogenies. (a) Schematic overview of DNA sequence gathering
from NCBI, taxonomic matchup, iterative error checking, and estimating a global ML tree from the resulting
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Only two other estimates of species-level mammalian phylogeny have been published. One

was the DNA-based supertree of Faurby and Svenning [92], and the other was the consensus

timetree of Hedges and colleagues [93] (Table 1). The DNA supertree was constructed from

the hierarchical merging of 290 overlapping subtrees (mostly estimated at the level of genus or

supermatrix (31 genes by 4,098 species [49]). Patch phylogenies were then delimited, estimated using Bayesian
inference [50], and joined to fossil-calibrated backbone trees (node- or tip-dated). The resulting posterior samples of
10,000 fully dated phylogenies either had the global ML tree topology constrained (completed trees of 5,911 species,
“TopoCons”) or no topology constraints (DNA-only trees, “TopoFree”). (b, c) Comparison of results from the time-
calibrated backbones as pruned to the 28 patch clade representatives. The tip-dated analysis uses fossil taxa as extinct
tips in the tree (left side) and then pruned (right side), whereas the node-dated approach uses exponential priors from
minimum to soft-max ages. Trees are maximum clade credibility summaries of 10,000 trees. Circles at nodes indicate
PP values according to the legend. (d) Topological and age uncertainty in the backbones included the unresolved base
of Placentalia, which slightly favors the Atlantogenata hypothesis (blue) versus Exafroplacentalia (red; shown for the
node-dated backbone). (e) Bayesian phylogenies of 28 patch clades were separately estimated in relative-time units for
rescaling to representative divergence times on the backbone. Combining sets of backbones and patch clades yielded
four posterior distributions for analysis. Dryad data: https://doi.org/10.5061/dryad.tb03d03; phylogeny subsets: http://
vertlife.org/phylosubsets. Carbonif., Carboniferous; Cisu., Cisuralian; FBD, fossilized birth–death; Guad., Guadalupian;
Lopi., Lopingian; Marsup., Marsupialia; mis-ID, misidentification; Miss., Mississippian; ML, maximum-likelihood;
Monotr., Monotremata; NCBI, National Center for Biotechnology Information; Nioge., Neogene; PASTIS,
Phylogenetic Assembly with Soft Taxonomic Inferences; Penn., Pennsylvanian; PP, posterior probability; RAxML,
Randomized Axelerated Maximum Likelihood. Artwork from phylopic.org and open source fonts (see S1 Text, section 9
for detailed credits).

https://doi.org/10.1371/journal.pbio.3000494.g002

Table 1. Previous species-level phylogenies of Mammalia relative to the present study.

Category Bininda-Emonds
and colleagues,

2007

Fritz and colleagues, 2009
(from Bininda-Emonds and

colleagues, 2007)

Kuhn and colleagues, 2011
(from Fritz and colleagues,

2009)

Faurby and
Svenning, 2015

Hedges and
colleagues, 2015

This study

Tree-building
method

MRP supertree MRP supertree MRP supertree + polytomy
resolver

DNA supertree
+ polytomy
resolver

Consensus timetree
+ polytomy resolver

Backbone-and-
patch + PASTIS

Num. trees 3� 3� 1,000 1,000 1$ 10,000 (4 sets)

Taxonomic
authority

MSW2 MSW3 MSW3 IUCN + late
quaternary extinct#

NCBI taxonomy Modified IUCN
+ new species

Species

Total 4,510 5,020 5,020 5,747 5,364 5,911

DNA sampled N/A N/A N/A 3,383 (59%) N/A 4,098 (69%)

Extinct 9 11 11 342 19 107

Living 4,501 5,009 5,009 5,405 5,343 5,804

Genera 1,110 1,188 1,188 1,371 1,119 1,283

Families 150 151 151 172 155 162

Orders 27 27 27 30 27 27

Variations on the supertree methodology include MRP [81,84,87], DNA-based supertrees [92], and the consensus timetree [93] using “hierarchical average linkage.”

MSW2 [83] and MSW3 [85] were used for the MRP supertrees, whereas IUCN [94] and NCBI [95] taxonomies were incorporated in subsequent trees. See text for

discussion.
�Three trees reported with best, lower, and upper estimates for node dates.
#Extinct in the last 130,000 years, versus last approximately 500 years for the other studies.
$The “interpolated and smoothed” timetree adds missing species by genus and resolves polytomies using the Kuhn and colleagues [87] method.

Abbreviations: IUCN, International Union for the Conservation of Nature; MRP, matrix representation parsimony; MSW2, Mammal Species of the World, second

edition; MSW3, Mammal Species of the World, third edition; N/A, not applicable; NCBI, National Center for Biotechnology Information; Num., number; PASTIS,

Phylogenetic Assembly with Soft Taxonomic Inferences

https://doi.org/10.1371/journal.pbio.3000494.t001
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family), followed by random resolution of polytomies, addition of DNA-lacking species

(n = 2,364), and subsequent rescaling to time using mean node ages from secondary (e.g., [60])

or tertiary (e.g., [81]) sources. This study was an improvement over the previous MRP super-

tree by directly estimating Bayesian subtrees using DNA sequence data (range: 1–26 markers

for most species, up to 56 for Primates), which allowed greater phylogenetic uncertainty to be

included in their final distribution of 1,000 trees. Similarly, the expansive “timetree of life” [93]

is also a supertree, albeit on the much larger scale of eukaryotes initially and then pruned to

Mammalia for application to several subsequent rate-based phylogenetic analyses (e.g., [96–

101]). Hedges and colleagues [93] merged the overlapping topologies and mean node ages

from 91 divergence-time studies of mammals published from 1991–2013 (see http://www.

timetree.org/references), using an approach they call “hierarchical average linkage” to con-

struct the supertree topology. The Hedges and colleagues [93] timetree is a single consensus

estimate (one tree). Because supertree algorithms produce polytomies when overlapping

sources disagree, the corresponding branch lengths were secondarily time scaled or simulated

in these studies as well as for the MRP supertree. Thus, evolutionary rate estimates in these

supertrees are expected to be unreliable, as the authors of the DNA supertree admit: “Our

approach places the greatest weight on the topology, which means that analyses using the result-

ing phylogeny should focus on the topology rather than on branch lengths” (see [92], page 16).

A path forward

Reconstructing species-level mammal trees has forced researchers to depart from the standard

phylogenetic approaches for jointly inferring species relationships and node ages from primary

character data (molecular or morphological; reviewed in [102]). Steps of merging overlapping

sources, collapsing conflicting nodes, and applying point-estimate dates to scale phylogenies to

time are common to the MRP supertree, DNA supertree, and consensus timetree analyses. In

each case, branch length information is reduced from the original data as a trade-off for

enabling large-scale inference. However, with increasing computational ability and growing

public databases of DNA sequence information, supertree methods are no longer the only way

to infer big trees. We here leverage computational power from the Cyberinfrastructure for

Phylogenetic Research (CIPRES) Science Gateway [103] and extensive public data deposited

in the United States National Center for Biotechnology Information (NCBI) (Genbank [104])

to filter, clean, assemble, and then reconstruct phylogenetic history from an inclusive DNA

supermatrix of mammalian species. As we outline below, the goal of jointly inferring tree

topology and node ages is now computationally feasible for Bayesian analysis of large clades

(800–1,000 species), opening the door for greater resolution of macroevolutionary tree shape

in mammals and other taxa.

Results

DNA sequence alignment, gene trees, and error checking

Our BLAST-based [105] pipeline initially yielded 209,294 matching hits across all 31 genes.

We used an iterative per-gene approach to clean annotation errors in NCBI (Fig 2A), as fol-

lows: (1) sequence alignment, (2) error checking for stop codons and insufficient alignment

overlap, and (3) gene tree construction (Randomized Axelerated Maximum Likelihood

[RAxML] v.8.2.3 [49]—see S1 Text, section 3). To minimize stop codons for the 26 coding

fragments (mitochondrial DNA [mtDNA] and exons), we aligned each to the appropriate

amino acid reading frame and excluded unaligned (entirely nonoverlapping) sequences, as

well as rogue taxa (see S1 Text, section 3). In total, our error-checking steps excluded 1,618

sequences across all genes (i.e., 7.2% of the 22,504 individual DNA sequences after taxonomic
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reconciliation; S2 Table). These exclusions corresponded to 119 species, yielding 4,098 species

with�1 gene fragment validated in the final 31-gene matrix (S1 Data lists excluded

sequences). Our procedure of DNA-baits searching, curation, and alignment of sequences

from the NCBI database resulted in taxon sampling that ranged from 191 to 3,581 species per

gene (Table 2).

The 31-gene supermatrix

Concatenation of the per-gene alignments was performed in Geneious v.9.1 [106], resulting in

a sites-by-taxon supermatrix of 39,099 base pairs (bp) and 4,098 species that was 11.9% com-

plete in terms of ungapped sites. The final DNA supermatrix consisted of 21,021 DNA

sequences from public databases (see S8 Fig for top individual contributors). We evaluated

partitioning schemes for the supermatrix using PartitionFinder v.1.1.1 [107], finding that a

nine-partition model was most suitable (Table 3). This model has a combined partition for

APP, CREM, and FBN1 and then one partition each for BMI1; PLCB4; and first, second, and

third codon partitions for nuclear DNA (nDNA) exons as well as for mtDNA fragments. For

all partitions, either general time-reversible plus gamma (GTR + G) or plus gamma and invari-

ant sites (GTR + I + G) was the best model of nucleotide evolution. We chose the simpler GTR

+ Gmodel for all downstream phylogenetic analyses because including both I and G types of

rate heterogeneity is known to make both model parameters difficult to estimate [49,108].

Global RAxML tree

Phylogenetic analysis of the 4,098-species DNAmatrix was first performed in RAxML with the

goal to identify the single best-supported topology for mammals. For RAxML, we ran five

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

GTRCATmodel to search for the best-scoring tree using ML (with this setting, the ML optimi-

zations start from every fifth bootstrap tree [49]). Each RAxML analysis took approximately

5.7 days on 12 nodes of four threads each on the XSEDE cluster (Extreme Science and Engi-

neering Discovery Environment; accessed via the CIPRES Science Gateway [103]). We subse-

quently summarized this single best ML tree (likelihood −3,383,607.6, tree length 255.3) by

rooting it with Anolis and annotating nodes with bipartition values from 100 bootstrap repli-

cates (S3 Data).

Patch clade delimitation

We divided the mammalian phylogeny into 28 patch clades that were nonoverlapping in their

in-group species membership (Fig 2C; Table 4). Criteria for delimitation were clade size, evi-

dence for monophyly (in our global ML tree and previous studies), and the structure of inter-

clade phylogenetic relationships. Nodes with>75% bootstrap support (BS) were deemed well

supported. The main challenge was to balance reasonable assumptions of monophyly with

maximum patch size (number of species) for which we could feasibly perform Bayesian joint

estimation of topology and branch lengths in less than 1 month. If Markov chain convergence

were to take longer than 1 month, the need to iteratively conduct sensitivity tests and model

tuning would have been unreasonable. We used MrBayes v.3.2.6 [50] for all Bayesian inference

of patch clade and backbone phylogenies because of its flexible application of topological con-

straints. By experimentation, we concluded that approximately 800 species was the feasibility

limit for patch clade size, although matrix size and complexity also influenced run times. 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 (Broad-platform Evolutionary Analysis Gen-

eral Likelihood Evaluator)-enabled compute nodes. With MrBayes run times of 1.5 to 4.5
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weeks for clades>200 species (Table 4), we estimate that approximately 80 weeks of run time

was applied to the DNA-only and completed patch analyses for a total of 215,040 cpu hours

(560 days � 24 hours � 16 nodes for final models, not counting troubleshooting).

Delimiting appropriate patch clades 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 (1,768 total species, 64% genetic sampling; [109]), we addressed

Table 2. Alignment details for the 31 gene fragments used in this study.

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 2,624 168 (5) 2,523 587 (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) 1,020 309 (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 3,092 160 (0) 3,264 969 (M) 41.7% 36.1% 47.0% 538.1

BRCA2 exon 5,045 163 (0) 4,854 306 (O) 34.4% 41.8% 52.5% 183.3

CNR1 exon 1,004 162 (5) 1,017 356 (A) 54.0% 83.9% 93.8% 342.6

COI mtDNA -- -- 672 1,686 (A) 43.0% 76.6% 96.1% 1,657.4

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

CYTB mtDNA -- -- 1,167 3,581 (A) 41.5% 65.8% 90.4% 3,318

DMP1 exon 1,361 161 (0) 1,503 415 (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 3,899 162 (0) 3,477 247 (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) 1,044 978 (A) 49.1% 58.2% 70.1% 794.5

IRBP exon 1,253 161 (5) 1,146 1,345 (A) 59.4% 69.5% 85.4% 1,231.9

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

ND2 mtDNA -- -- 1,074 983 (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 1,799 168 (5) 1,050 639 (A) 51.5% 66.2% 84.6% 556.8

RAG1b exon -- -- 1,071 936 (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 4,437 168 (5) 4,479 345 (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 1,172 162 (3) 1,194 821 (A) 59.0% 64.4% 84.0% 707.5

Total concatenated 35,603 164 (5) 39,099 4,098 (A) 45.3% 13.4% 11.9% 1,651.2

Comparison is made to the family-level phylogenetic study of Meredith and colleagues [60] (M11) for the number of aligned sites (with gaps) and mammalian taxa

sampled per gene. The per-gene out-group(s) are noted in parentheses, either as the number of out-group taxa used in M11 or identifying the out-group used in gene

tree building for this study. Note that RAG1a and RAG1b fragments are combined in M11. Site identity is calculated pairwise, matrix 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).

Abbreviations: A, Anolis; comp., completeness; GC, guanine-cytosine; M, Monodelphis; M11, Meredith and colleagues 2011; mtDNA, mitochondrial DNA; NC,

noncoding; O, Ornithorhynchus

https://doi.org/10.1371/journal.pbio.3000494.t002
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this issue by dividing data into two large and likely monophyletic clades (Muridae and Criceti-

dae) and several smaller Muroidea patch clades for which interrelationships are uncertain

(Dipodidae, Spalacidae, Nesomyidae, Calomyscidae, Platacanthomyidae; [110]). 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 each well supported in the global ML tree except the Nesomyi-

dae of Madagascar (BS 72), for which monophyly is well supported in other studies [110,111].

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

genetic sampling), especially among its most basal divergences [112–114]. However, the com-

pute 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% com-

plete). Rather, we divided this group (94 BS value, S3 Data) into three patch clades:

1. Noctilionoidea (Phyllostomidae, Mormoopidae, Noctilionidae, Thyropteridae, Furipteri-

dae, Mystacinidae, and Myzopodidae);

2. Vespertilionoidea (Vespertilionidae, Molossidae, and Natalidae); and

3. 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 (alternatively linked to

Emballonuridae [113]). 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, with diversity

divided into manageable group sizes.

The remaining patch clades encompassed not only major swaths of mammalian diversity

(e.g., Marsupialia, Primates) but also very small clades like Monotremata (5 species), Pholidota

(8), and Dermoptera (2; Table 4). The structure of the phylogeny and backbone uncertainty

necessitated small clades to minimize unsupported monophyly assumptions. Our smallest

patch clades (Dermoptera and Platacanthomyidae) were needed for this reason—however,

because phylogeny estimation requires at least four taxa, we added two in-group species for

Table 3. Model parameters optimized during the global RAxML tree search of the 4,098-species supermatrix.

Patterns α Rates Frequencies

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

nDNA, pos1 9,345 0.40 1.69 4.54 0.86 1.07 4.02 1.00 0.28 0.23 0.28 0.21

nDNA, pos2 8,806 0.38 1.27 5.34 0.76 1.50 4.44 1.00 0.29 0.24 0.21 0.26

nDNA, pos3 10,685 1.19 1.22 5.42 0.90 1.08 5.88 1.00 0.24 0.26 0.25 0.25

mtDNA, pos1 1,253 0.52 1.08 6.67 1.70 0.17 16.01 1.00 0.30 0.25 0.22 0.23

mtDNA, pos2 1,213 0.39 3.38 18.08 2.25 3.84 14.26 1.00 0.19 0.27 0.13 0.42

mtDNA, pos3 1,292 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 1,558 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

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

model of nucleotide evolution, and empirical base frequencies.

Abbreviations: GTR, general time-reversible; mtDNA, mitochondrial DNA; nDNA, nuclear DNA; pos., codon position; RAxML, Randomized Axelerated Maximum

Likelihood

https://doi.org/10.1371/journal.pbio.3000494.t003
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MrBayes runs (Callithrix jacchus and Gorilla gorilla, and Rattus norvegicus and Spalax ehren-

bergi, respectively). These species were pruned out before rescaling and pasting to the

backbone.

We followed Jetz and colleagues [27] in classifying DNA-sampled species as type 1 (sampled

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

available for at least one congeneric species (constrain to genus); type 3, no DNA in the genus,

but available in the same family (constrain to family); and type 4, no DNA in the family, but

available in the same order (constrain to order).

Along with 4,098 type 1 species, we had 1,649 species in the type 2 category, meaning that

91% of the 1,813 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

Table 4. Summary of patch clade and matrix composition.

# Patch name Total Sample Percent ML tree BS Out-group species in MrBayes Matrix percent comp. Patterns Run time

1 Marsupialia 362 279 77 97 Rattus norvegicus 18.0 20,617 4.5

2 Afrotheria 92 61 66 99 Dasypus novemcinctus 21.8 14,132 <1

3 Xenarthra 33 21 64 100 Trichechus manatus 33.4 7,164 <1

4 Scandentia 20 13 65 100 Galeopterus variegatus 32.5 3,324 <1

5 Primates 458 333 73 95 Galeopterus variegatus 19.4 16,165 4.5

6 Lagomorpha 91 72 79 100 Rattus norvegicus 8.8 3,855 <1

7 Castorimorpha 109 100 92 100 Rattus norvegicus 9.0 5,507 <1

8 Dipodidae 51 33 16 100 Rattus norvegicus 15.4 4,166 <1

9 Spalacidae 21 16 76 37 Rattus norvegicus 16.5 2,487 <1

10 Nesomyidae 63 37 59 72 Rattus norvegicus 10.6 3,291 <1

11 Muridae 779 411 53 88 Cricetulus barabensis 8.8 9,480 3.7

12 Cricetidae 726 528 73 93 Rattus norvegicus 7.3 9,926 4.5

13 Squirrel-related 320 216 68 95 Erethizon dorsatum 6.7 8,050 1.5

14 Guinea pig–related 304 204 67 100 Ictidomys tridecemlineatus 13.3 18,949 3.7

15 Eulipotyphla 491 301 61 94 Pteronotus parnellii 8.7 13,786 3.7

16 Noctilionoidea 227 190 84 76 Pteropus alecto 11.5 11,273 1.5

17 Vespertilionoidea 605 367 61 51 Pteropus alecto 7.0 9,694 3.5

18 Emballonuroidea 70 46 66 51 Pteropus alecto 9.7 4,013 <1

19 Yinpterochiroptera 385 250 65 96 Pteronotus parnellii 10.6 11,463 2.5

20 Artiodactyla 348 311 89 100 Felis catus 17.3 14,488 2.0

21 Perissodactyla 24 22 92 100 Felis catus 28.1 3,411 <1

22 Carnivora 298 267 90 99 Manis pentadactyla 18.0 12,978 2.2

23 Monotremata 5 3 60 100 Rattus norvegicus 47.1 802 <1

24 Pholidota 8 6 75 100 Feliz catus 36.6 1,132 <1

25 Dermoptera 2� 2 100 100 Tupaia belangeri 79.9 2,094 <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 1,055 <1

Included are per-patch clade values for total species in our master taxonomy, number of species sampled for DNA (one or more genes), BS value for that crown group in

the global RAxML tree (ML tree BS), out-group clade and designated representative in MrBayes analyses, matrix percent complete (sites-by-taxa comp. 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 clades with fewer than four 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.

Abbreviations: BS, bootstrap support; comp., completeness; ML, maximum-likelihood; N/A, not applicable; RAxML, Randomized Axelerated Maximum Likelihood

https://doi.org/10.1371/journal.pbio.3000494.t004
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of these missing genera are rodents (73 genera, 58 of which are muroids) or bats (22 genera).

Additionally, there were three extinct families in our taxonomy to which no DNA was avail-

able at the time of download (eight species in the type 4 category): Nesophontidae, Prolagidae,

and Thylacinidae (S1 Data).

Discussion

Our mammal tree (Fig 1) traces the tempo of evolutionary history of 5,804 living and 107

recently extinct species back to the divergence of their common ancestor approximately 188

million years ago (Ma; 95% highest posterior density [HPD]: 166.7, 210.9 in the node-dated

[ND] analysis). These efforts bring the evolutionary history of mammals into finer resolution

and make available four credible sets of Mammalia-wide trees based on node- or tip-dated

backbones and inclusion or exclusion of DNA-missing species (Fig 2). We created these phylo-

genetic trees as a community resource to biologists, joining an updated species-level taxonomy

and a newly curated data set of 31 homologous genes for comparative analyses of molecular

evolution. Critically, our synthetic effort illustrates large data gaps (e.g., approximately 30% of

mammal species lack published DNA sequences). However, missing and incomplete data do

not prevent the probabilistic estimation of species-level topology and branch lengths as long as

phylogenetic uncertainty is treated honestly [33,115]. Philosophically, our approach aimed to

minimize the false confidence associated with choosing one “best” phylogeny to represent the

complex, probabilistic landscape of reconstructed macroevolutionary history (S1, S2, S3 and

S4 Movies offer visual summaries of these credible sets; S9 and S10 Figs show the maximum

clade credibility [MCC] consensus trees of the DNA-only data sets).

Tip versus node dating on the mammalian backbone

Comparing our node- and tip-dating analyses, we find broadly similar backbone ages with a

few exceptions (Fig 3A). Chiefly, tip dating produced an older root of Mammalia and younger

divergences among some rodent and bat lineages than did the node-dating analyses (Fig 3A;

S3 Table). Tip dating posits that crown mammals began radiating as early as the Permian–Tri-

assic boundary (Fig 2B; approximately 246 Ma [222.1, 268.3]), but this is much more likely to

have been an early Jurassic event [116–120]. Other recent tip-dating analyses have also recov-

ered old ages for the Mammalia crown (e.g., approximately 204 Ma in Lee [121]), suggesting

that tip dating may require a combination of root age constraints [72] and a fossilized birth–

death (FBD) prior that accounts for nonrandom (diversified) taxon sampling [64] to bring

estimates closer to the strict fossil age of approximately 166 Ma [66]. Here, we used the latter

but not the former.

Although tip dating recovers an older root age, we find it yields younger ages than node dat-

ing for divergences between and among Muridae, Cricetidae, and Nesomyidae in the mouse-

related clade and between Noctilionoidea and Emballonuroidea in Yangochiroptera bats (inset

in Fig 3A; S4, S5 and S6 Figs for further details). These same areas are topologically uncertain

in both backbones, indicating that the lack of monophyly constraints in the tip-dating analysis

(versus 18 in the node-dating analysis) is influencing node ages. Hence, resolving the topology

of difficult nodes in the rodent and bat radiations is a question deeply intertwined with resolv-

ing their divergence times. Greater applications of phylogenomic data (e.g., [122]) as well as

methods that explicitly account for life-history biases among lineages (e.g., CoEvol [62]) are

promising strategies toward those joint temporal and topological goals.

Overall, tip dating is laudable for its probabilistic placement of fossils using morphological

synapomorphies relative to living taxa because doing so requires fewer “hard” assumptions of

fossil crown-versus-stem placement [58,123]. However, for the reasons outlined above, we
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Fig 3. Tempo of mammalian divergences recovered in the two dating analyses of the present study. Tip-dated
(fossilized birth–death) and node-dated (exponential priors) analyses yielded broadly similar results. (a) Among major
clades, mean divergence times and 95% highest posterior density intervals are shown for the 28 backbone lineages
present in the full trees. (b) Species-specific rates of speciation were compared using the tip DR metric, as calculated
upon 10,000 trees as harmonic mean estimates (colored dots by higher taxon) and 95% CIs (Spearman’s r = 0.93 of tip-
to node-dated harmonic means). Dryad data: https://doi.org/10.5061/dryad.tb03d03; phylogeny subsets: http://vertlife.
org/phylosubsets. CI, confidence interval; tip DR, tip-level pure-birth diversification rate.

https://doi.org/10.1371/journal.pbio.3000494.g003
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have more confidence in our node-dating analysis. The indirect use of fossil data as node pri-

ors also remains more mainstream (e.g., [69,124–128]). We thus focus discussion on how the

node-dating results influence the Mammalia-wide trees relative to previous studies.

Backbone-level divergences

Comparing our study with previous fossil-calibrated molecular trees reveals a growing consen-

sus for the tempo of superordinal divergences in mammals (Fig 4). We find broad agreement

(overlapping 95% confidence limits) for the crown age of Marsupialia in our study (approxi-

mately 79 Ma; 67.9, 92.8) relative to 68–97 Ma in previous studies (Fig 4; [60,61,81]). Similarly,

for Placentalia, our crown estimate of approximately 92 Ma (77.4, 105.0) is concordant with

previous studies including the tip-dating study of Ronquist and colleagues ([64]; approxi-

mately 85 Ma [76, 93]—but note an older placental age with a different tip-dating tree prior

[72]; approximately 132 Ma [119, 148]). The consensus interpretation of the fossil record as

given by Foley and colleagues [63] gives a wide allowance for the placental crown to be at least

65.2 Ma (Purgatorius stem primate [129]) and no older than 131.5 Ma (Eomaia stem eutherian

[130]; arguably to Juramaia at approximately 160 Ma [117]). Nevertheless, the strict fossil-

based perspective for marsupial and placental crown ages fixed at 64.85 Ma [66] appears

untenable given joint consideration of the molecular and fossil evidence.

Particular controversies exist regarding whether early divergences in crown placentals

occurred before, after, or during the Cretaceous–Paleogene (K-Pg) mass extinction event, 66

Ma [131]. Here, we recover the first four placental divergences unambiguously preceding the

K-Pg: (1) Atlantogenata (when present; see below), (2) Boreoeutheria, (3) Laurasiatheria, and

(4) Euarchontoglires (Fig 4). The next 21 divergence events subsequently have confidence lim-

its that overlap the K-Pg, including 12 superordinal divergences and nine of 18 crown orders

(Fig 4; S3 Table). The K-Pg event being possibly concurrent with nine of the 18 placental

orders compares with previous studies finding three [61], five [81], or six [60] orders with

K-Pg-overlapping divergence times (S3 Table). Our finding that no placental crown ordinal

radiation definitively preceded approximately 66 Ma counters previous evidence that Eulipo-

typhla [60,81] and possibly Rodentia and Primates [64,81] began radiating before this event

(Fig 4).

Our node-dating results are conservative with respect to the fossil record. Considering the

oldest fossil genus per extant mammalian order (yellow squares in Fig 4; data from the Paleobi-

ology Database [132]), we found consistent agreement with the expectation for these fossils to

be members of the stem lineage and thus older than the crown ages from the phylogeny. These

maximum fossil ages, when available, are found to be either older or overlapping our diver-

gence-time intervals in all but two cases (Fig 4). These exceptions are (1) Diprotodontia, in

which the fossil genus Paljara (Pseudocheiridae) may be as old as approximately 34 Ma [133]

versus approximately 49 Ma for the crown order in our tree; and (2) Eulipotyphla, in which

Litolestes and Oncocherus are Erinaceidae from as old as approximately 62 Ma [134] versus

approximately 75 Ma in our tree. In both cases, molecular ages extend back further, suggesting

that those fossils are either legitimate crown rather than stem members of those orders or are

later-surviving stem representatives. The former case is supported for Litolestes ([66]; S4 Table

compares these fossils to our stem ages).

An additional check relative to the fossil record was to search for “zombie lineages” [125],

in which molecular divergence dates are younger (more recent) than the minimum ages

implied by well-supported crown fossils. Comparing our dates with the consensus node cali-

brations of Foley and colleagues ([63] updated from those of [60]), we find broad agreement

but three notable exceptions (asterisks on taxon names in Fig 4). First, and most substantially,
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our crown age for Sirenia (manatees, dugongs, and sea cows; approximately 13 Ma: 7.0, 22.6)

is reconstructed as younger than the minimum age constraint of 41.3 Ma given in Foley and

colleagues [63] and, thus, “undead” for at least 20 Ma. We reconstruct the sirenian stem diver-

gence at approximately 54 Ma (41.5, 67.3), which implies a long stem to the crown divergence

of Dugong, Trichechus, and Hydrodamalis—rather than the perspective in which those three

modern genera are deeply divergent from each other [60,63,135]. This issue hinges on the

acceptance of the fossils Halitherium and Eotheroides as crown sirenians because they form the

minimum age constraint in previous studies. The most recent cladistic analysis of Springer

and colleagues [135] found 40% BS for the placement of Halitherium and Eotheroides inside of

crown Sirenia (stem taxa of the Dugong–Hydrodamalis clade, to the exclusion of Trichechus

[135]). Based on our criteria for fossil inclusion [57], these fossils were placed too tenuously

for use as Sirenia crown constraints. Instead, we relied on a single node prior for Afrotheria

(calibration 7 in S1 Text) and, thereby, placed greater weight on molecular evidence for this

node. Philosophically, we recognize that we set a high bar for placing fossils using cladistic

analyses, but we contend this approach is necessary to avoid false confidence regarding the

timescale of mammalian evolution.

Second, molecular divergences within the sister clades Perissodactyla and Artiodactyla in

our analyses also display apparent zombie tendencies relative to some interpretations of the

fossil record (Fig 4). The crown or stem placement of constraint fossils is again in question.

We recover the crown divergence of Perissodactyla at approximately 39 Ma (32.6, 45.0), which

overlaps the age estimate obtained in dos Reis and colleagues [61] of 52.6 Ma (41.8, 61.0) and

is similar to the mean age estimates of Phillips [126] of 41.4 Ma and 36.1 Ma based on strict

and relaxed molecular clocks. In contrast, calibrating Perissodactyla with the fossil genus

Hyracotherium sets an age range of 55.5–61.6 Ma [60,63], which was closely mirrored in the

Perissodactyla age of 56.8 Ma (55.1, 61) recovered in Meredith and colleagues ([60]; Fig 4).

However, the only two cladistic studies of Hyracotherium show it falling outside of crown

Perissodactlya: O’Leary and Gatesy [136] and Spaulding and colleagues [137]. Both studies

recovered Hyracotherium as stemward to the clade that includes crown Perissodactlya + Artio-

dactyla; therefore, this fossil is actually two nodes back from being able to serve as a crown

Perissodactlya constraint. The next candidate fossil for the oldest crown Perissodactyla is

younger than the fossil we used to calibrate Artiodactyla: Himalayacetus subathuensis from the

early Eocene approximately 52.4 Ma of India, which is the oldest stem whale according to the

cladistic analysis of O’Leary and Uhen [138] (calibration 16 in S1 Text, following the compen-

dium of Benton and colleagues [139]).

Our use of Himalayacetus to calibrate Artiodactlya, in turn, informs our recovered age of

approximately 39 Ma (32.7, 46.4) for crownWhippomorpha (whales + hippos). Foley and col-

leagues [63] use that same fossil as a crown constraint for the Whippomorpha node (52.5–61.6

Ma), which is three full nodes tipward from the Artiodactyla crown, where we used it. Clearly,

this is another case of differently interpreting the fossil record. Himalayacetus is known only

Fig 4. Mammalian backbone-level divergence times in our study (node-dated analysis) versus previous studies and
the fossil record. The right-side phylogeny depicts relationships among the 27 extant orders (labeled in capital letters
and nested in a hierarchical list), and the dotted line represents the K-Pg extinction event, 66 Ma. Divergence times are
colored per study as mean ages and 95% confidence intervals. Fossil-calibrated molecular ages are compared with min
and max ages for the oldest crown fossil according to Foley and colleagues [63] and oldest stem fossil according to the
Paleobiology Database. Asterisks (�) on taxon names denote three instances of “zombie lineage” disagreement of our
study with previous interpretations of the fossil record (see Discussion). Note that extant Microbiotheria and
Tubulidentata are monotypic, and so they lack crown ages. Dryad data: https://doi.org/10.5061/dryad.tb03d03;
phylogeny subsets: http://vertlife.org/phylosubsets. K-Pg, Cretaceous–Paleogene; Ma, million years ago; max,
maximum; min, minimum. Artwork from phylopic.org and open source fonts (see S1 Text, section 9 for detailed credits).

https://doi.org/10.1371/journal.pbio.3000494.g004
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from a partial dentary and two molars [140] and is tentatively allied as a stem whale [66] but is

more conservatively a stem whippomorphan for use in calibrating the Ruminantia–Whippo-

morpha node as Benton and colleagues [139] recommend (we did not do this to avoid using

the same fossil twice). Although our crown ages for Whippomorpha and Cetacea are some-

what young, the former overlaps previous age estimates of 52.2 Ma (41.9, 62.6; [81]) and 48.1

Ma (45.9, 50.1; [61]), and the latter is congruent with three previous studies (see Fig 4).

In summary, interpretations of the fossil record that lose sight of the need to cladistically

confirm the placement of calibration fossils inside the crown node they are constraining

appear to cause the three putative zombie disagreements between our study and Foley and col-

leagues [63]. Our more conservative application of the fossil record aims to exclude opinion-

based assignments of fossils in crown clades [57]. The fossil record provides critical data about

past mammalian diversity [11,141,142], but because the preservation of mammal fossils is spa-

tially, temporally, and taxonomically biased (e.g., Cenozoic of North America [143]; bats

[144]), we contend that providing greater weight to the molecular data is warranted. It is possi-

ble to place a priori constraints on the ages of nearly all nodes in the mammalian backbone

(e.g., 84 of the 163 nodes in Meredith and colleagues [60]). However, doing so requires the use

of taxonomic opinions to place fossils relative to given crown groups. As we detailed above,

some of these opinion-placed fossils are subsequently found to be stemward of the calibrated

node in cladistic analyses. Because both “clocks” and “rocks” have shortfalls [59,145], the

implementation of fossil calibration approaches to molecular data should aim to propagate age

uncertainty rather than overly restrict it, thereby enabling conservative tests of evolutionary

history and its causal underpinnings.

Backbone-level topology

The objective of our study was to provide novel resolution on the rates and timing of mamma-

lian divergence events, but these results are nevertheless relevant to a few long-standing issues

of topological relationships among major clades (see S1 Text and S4, S5 and S6 Figs for

detailed comparisons of the backbone consensus trees). We highlight four regions of the pla-

cental backbone that are especially controversial:

1. The rooting of Placentalia. We recover support of 0.53 posterior probability (PP) in favor of

the Atlantogenata rooting (Xenarthra + Afrotheria) compared with 0.47 PP for the

Afrotheria rooting (Exafroplacentalia) in the ND analyses (Fig 2B and 2C), whereas the tip-

dated backbone recovered the Afrotheria rooting most commonly (0.44 PP; rooting of

Atlantogenata was also recovered). The high uncertainty we recover for this basal diver-

gence is typical of other molecular studies [60,61,63,73,75,128], although the Atlantogenata

rooting has received more support in phylogenomic data sets (e.g., [75]). In contrast, stud-

ies that filter genes based on their likelihood of incomplete lineage sorting (proxied by ade-

nine-thymine [AT] content; [73,77]) generally favor the Afrotheria rooting.

2. 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), and

that clade is always adjacent to Primates. 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., [73,75,128]).

3. The position of guinea pig–related rodents (Hystricomorpha, also called Ctenohystrica; see

[146]) relative to mouse- and squirrel-related clades. We find this controversial node,

which was formerly questioned to even be inside Rodentia [147], to be unequivocally
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recovered as ([guinea pig, squirrel] mouse) in all backbone analyses. Strong support for this

relationship was recovered in some studies [60,75,122], but others have supported squirrels

outside other rodents, either with a total-evidence approach [148] or when taxon sampling

is smaller [61,73,128]. Transposon evidence suggests that ancient hybridization may be

complicating the early history of rodents [109], as might the disparate rates of molecular

evolution in these three clades [122]. Regardless of the order of branching, these basal

rodent divergences were very rapid and possibly even simultaneous (i.e., overlapping error

bars for nodes 45–47 in S6 Fig).

4. The branching order of mouse-related rodent families (backbone of Supramyomorpha

[146]). We recover the infraorder Myomorphi as marginally sister to Anomaluromorphi to

the exclusion of Castorimorphi (0.52 PP in the node-dating backbone), as well as Muridae–

Cricetidae to the exclusion of Nesomyidae somewhat favored (0.57 PP; Fig 2B). These

nodes were also equivocal in the largest phylogenomic data set yet leveled at this question

[122], and the study of Steppan and Schenk ([110]; six loci, 904 muroid taxa) found 93%

ML BS for the Muridae–Cricetidae relationship. Again, these interfamilial mouse-related

divergences appear to have been extremely rapid.

We emphasize the retained uncertainty in the placental backbone divergence (Fig 2C) as a

strength of the backbone-and-patch approach because having two levels of nonoverlapping

Bayesian analysis enables temporal information to be passed forward to the species tips. Rather

than selecting one “best” topology for rooting the placental radiation, our trees propagate the

implications of both Atlantogenata and Afrotheria rootings (and other uncertainties) to the

final species-level sets of 10,000 trees, providing investigators with a more realistic resource for

hypothesis testing than any single tree alone.

Species-level tree shape

Comparing the accumulation of lineages through time demonstrates how the temporal and

phylogenetic uncertainty propagated in our mammal trees surpasses that of previous species-

level studies (Fig 5). Viewing these phylogenies on a Mammalia-wide basis (Fig 5A), we see

that the range of ages incorporated in the original MRP supertree [81,84], and subsequent

analyses that resolved polytomies [87], is considerably narrower than the ages encompassed in

our credible tree sets. The large number of polytomies originally present in the MRP supertree

is shown concentrated at approximately 50 Ma and approximately 30 Ma (Fig 5A), particularly

within the rodents (Fig 5B, lower right, top line). Resolving those polytomies changes the tree

shape but does not reflect the considerable uncertainty in node ages and relationships. That is,

the unresolved nodes produced in supertree studies when nodes conflict are “soft” polytomies,

in which the data needed to resolve a given node is lacking [41], as opposed to “hard” poly-

tomies, in which historically rapid divergence has led to a star phylogeny [149]. Collapsing

uncertainty into soft polytomies was a purposeful tool for supertree methods to yield a single

consensus picture of evolutionary topology for more species than possible under joint infer-

ence [38,41,150].

The danger, of course, has been when soft polytomies are misinterpreted by subsequent

investigators who assume that all temporal and phylogenetic signatures in supertrees are

driven by biological processes. For example, the study of Stadler and colleagues [88] made an

important modeling advance for detecting tree-wide shifts in diversification rates, but the bio-

logical conclusion of a major rate shift approximately 30 Ma in rodents was apparently driven

by soft polytomies in the MRP supertree (see Fig 5B). Miscommunication between the stated

purpose of supertrees—“to produce phylogenies based on all data sources” [150: 266]—and
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the need for big trees to additionally model all uncertainty in those data sources appears to

have limited the durability of supertree-based inferences and, perhaps, non-Bayesian methods

generally [33].

The other mammal supertrees similarly contain less temporal uncertainty in their lineage

accumulation curves than the backbone-and-patch trees of this study (Fig 5). Constructed

directly from genus- and family-level DNA trees, the DNA supertree study of Faurby and

Svenning [92] represents an advance over the MRP supertree. However, as shown in the line-

age accumulation curves of rodents, bats, and primates (Fig 5B, top right), there are unusual

artifacts of limited temporal uncertainty between those crown ordinal divergences until

approximately 55 Ma, when the curves broaden to represent greater rate uncertainty. Are

paleomammalogists actually more certain about the timing of events near the K-Pg extinction

event 66 Ma than they are about modern divergences? Although this seems unlikely given

preservation biases in the fossil record (e.g., [151,152]), that is the information conveyed by

the DNA supertree. However, rather than an intended statement of confidence by the study’s

authors, this is an artifact of the hierarchical merging and rescaling of overlapping subtrees

onto a time-scaled backbone that lacks age uncertainty. Although the authors of the DNA

supertree contend that applications “should focus on the topology rather than on branch

lengths” (see [92], page 16), that advice may be subsequently ignored by researchers because of

Fig 5. Accumulation of lineages through time for living mammal species as reconstructed in our study versus previous studies. (a) The shape of Mammalia-wide
phylogenies is compared among studies using the natural log of lineage accumulation (see legend colors). Some studies produced one consensus tree (single line),
whereas other studies produced sets of 1,000 or 10,000 trees (many lines), in which case 100 trees were randomly sampled. (b) Each of the main species-level Mammalia
studies is compared for three major placental orders: Rodentia (purple), Chiroptera (red), and Primates (orange). The degrees of phylogenetic uncertainty present in the
tree sets is represented by the width of the lineage accumulation curves. The gray lines in the lower-right-side plot pertain to the MRP supertree with polytomies,
whereas the colored lines result from randomly resolving those polytomies into a set of 1,000 trees, of which 100 trees are plotted here. Dryad data: https://doi.org/10.
5061/dryad.tb03d03; phylogeny subsets: http://vertlife.org/phylosubsets. Ma, million years ago; MCC, maximum clade credibility; MRP, matrix representation
parsimony. Artwork from phylopic.org and open source fonts (see S1 Text, section 9 for detailed credits).

https://doi.org/10.1371/journal.pbio.3000494.g005
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the allure of addressing important questions in comparative biology. Parsimony-based ances-

tral state reconstruction is perhaps the only methodological approach that entirely neglects

branch lengths [102,153]. In this context, nearly all phylogenetic questions are to some extent

“rate based,” although the relative importance of tree- and rate-based information to different

questions is subject to debate. The key point is that researchers seeking to perform all but the

most basic parsimony analyses are aided by phylogenies that propagate uncertainty in both

rates and topology.

Tip-level speciation rates of mammals

We calculated tip-level speciation rates across all living mammal species (Fig 1) for comparison

with those estimated on supertree phylogenies (Fig 6). We use the tip-level pure-birth diversifi-

cation rate (tip DR) metric [27] because it is readily calculable across all 10,000 trees in our

credible sets while being highly correlated with model-based estimators of tip speciation rates

(demonstrated in Quintero and Jetz [154] and reviewed in Title and Rabosky [28]). The recip-

rocal of the tip DR metric is a statistic called “equal splits” [24], which is tightly related to the

“fair proportion” statistic commonly used to determine evolutionary distinctiveness (ED)

(e.g., [39,40]). However, the ability to robustly estimate tip DR and ED requires trees that are

completely sampled (contain all modern species) and probabilistically inferred (with uncer-

tainty in topology and branch lengths).

Broadly, we find substantial heterogeneity in tip rates across the mammal tree, sometimes

with a few high-tip-rate species nested among low-tip-rate species (Fig 1), resulting in long

right-side tails in the tip rate distributions (positive skew, e.g., clades 38 and 44 in Fig 1). We

find the consistently highest tip speciation rates in simian primates (clades 42–43 in Fig 1),

including the human genus Homo (80th percentile, median 0.321 species/lineage/Ma; Homo

sapiens and three extinct species) and Indo-Malayan lutung monkeys (95th percentile, 0.419,

Trachypithecus). In contrast, species of Ctenomys tuco-tucos and Pteropus flying foxes display

high tip speciation rates among otherwise slower-evolving species (clades 44 and 38, Fig 1).

The evolutionarily distinctive platypus and aardvark have the lowest tip speciation rates (clades

1, 14; Fig 1). We suggest that tip rate skew is measuring aspects of within-clade speciation rate

variation that may be otherwise uncaptured by model-fitting approaches (S5 Table). Future

studies may thus find clade-level distributions of tip rates to be useful for comparative analysis.

Assessing how the different temporal frameworks of the node- and tip-dated backbones

influence the species-level rate calculations (Fig 3B), we find that mammal species have broadly

similar tip DR estimates across our tree sets. Indeed, there is approximately the same amount

of variation in the 95% CIs of tip DR within a given tree set as between the two sets. The tip-

dated phylogenies produce somewhat higher estimates of the tip DR harmonic mean (maxi-

mum of approximately 1.1 species/Ma versus approximately 0.8 in the ND phylogenies) but

are nevertheless strongly correlated to the ND estimates (Spearman’s r = 0.93; linear model:

y = 0.02 + 1.17x, R2 = 0.85). The majority of the variation in tip rates among phylogenies

appears to trace back to the younger node ages for mouse-related rodents and yangochirop-

teran bats (Fig 3A). Nevertheless, the internal consistency of each tree set suggests that apply-

ing either the tip- or ND phylogenies (or both) to a given comparative analysis would be

appropriate.

We next compared the tip DR values from our backbone-and-patch analysis to estimates

for the same species in previous supertrees to understand how different tree-building methods

influence those rates (Fig 6; tree characteristics compared in Table 1). Overall, we find limited

concordance between the tip rate estimates on our trees and the earlier supertrees of mammals

(per-study tip rate correlations of r = 0.60–0.62; Fig 6B). The 221 species identified in the top
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1% of tip DR values in our study are similarly recovered in the top percentile at a frequency of

12%, 21%, and 17% for the MRP supertree [87], DNA supertree [92], and consensus timetree

[93], respectively. Reducing that comparison to the genus level, those 221 species belong to 46

different genera, of which 22%, 28%, and 41% are similarly recovered with at least one species

Fig 6. Tip-level speciation rates (tip DRmetric) from this study versus previous Mammalia-wide phylogenies. Comparisons (a) as plotted on trees with relative
color scales calibrated per data set so that the top 1% of the tip rate harmonic means correspond to the bright red color of each tree and (b) on a pairwise basis for all
species with taxon names matching directly between data sets (n = 4,670, 5,329, and 5,033 species, respectively). Note that the x-axes differ but correspond to the range
of tip DR values (95% CI) of each data set. Dryad data: https://doi.org/10.5061/dryad.tb03d03; phylogeny subsets: http://vertlife.org/phylosubsets. CI, confidence
interval; tip DR, tip-level pure-birth diversification rate.

https://doi.org/10.1371/journal.pbio.3000494.g006
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by those studies (same order). Thus, tip DR estimates from our study best match the DNA

supertree at the species level and the consensus timetree at the genus level, although neither

are close matches. Relative to each other, the MRP supertree and consensus timetree have the

greatest similarity (r = 0.78 in pairwise rates versus r = 0.57–0.59 relative to the DNA super-

tree). Differences in tree estimation methodologies appear to drive differences in tip rates,

although we acknowledge that differences in data availability at the time each study was con-

ducted complicate our comparison.

Overall, the safest statement that we can make is that the tip rate estimates in our mammal

trees are substantially different from those of previous trees. However, does that observation

equate to our tip rate estimates of mammals being better? Value judgements are difficult in his-

torical biology, in which we lack knowledge of the true evolutionary process. In the absence of

simulation studies regarding the efficacy of the backbone-and-patch approach to tree building

for recovering true rate dynamics (which would be a welcomed future contribution), we must

rely on circumstantial arguments. We can couple the observation of tip DR differences

between our trees and previous trees with the following pieces of evidence to make a determi-

nation: (1) temporal artifacts are incorporated as a result of supertree merging and polytomies

(e.g., rodents Fig 5B); (2) there is a lack of rate uncertainty incorporated in supertrees, particu-

larly when a credible set of trees is not generated (Figs 5 and 6); and (3) the present study was

conducted with novel rigor regarding the gathering and cleaning of public DNA sequences,

taxonomic reconciliation of synonymous names, supermatrix construction, and use of Bayes-

ian inference methods at levels of the mammalian backbone and subclades (Fig 2).

Departing from past studies while improving the quality of data and inferences argues in

favor of our Mammalia phylogenies being able to foster deeper insights into phylogeny-based

questions in ecology, evolution, and conservation. Improved understanding of rate dynamics

should enable causal hypotheses of biological diversification to be tested with greater reliability

[155–157]. Tests that can exclude alternative hypotheses in the presence of realistic tree uncer-

tainty should be viewed as providing durable knowledge regarding the historical trajectory of

mammalian evolution.

Limitations

This study was motivated by the clear need for mammalian phylogenetic hypotheses that con-

tain comparably time-scaled branch lengths from root to tip. Until the computational chal-

lenges of inferring phylogeny from a genomic matrix of>6,000 species in a joint fossil-

calibrated analysis can be overcome and more complete taxon sampling can be obtained, we

suggest that the following sources of bias will limit our confidence in the resulting inferences.

Missing data. The substantial level of missing data in our 31-gene supermatrix

(mean = 88.1% per species) is worth further attention. Some simulation studies suggest that

analyzing matrices with missing cells may yield erroneous estimates of topology, node support,

and branch lengths (e.g., [158]), whereas other empirical and simulation studies have found

no or small impact of missing data [159–162]. Wiens and Tiu [163] demonstrated that adding

taxa with 90% missing data is beneficial to phylogenetic analyses when the alternative is to be

misled by incomplete taxon sampling. Instead, model misspecification appears to have a

greater impact on tree accuracy than missing data [162].

To empirically evaluate the impact of missing data, we performed a test of terminal branch

length in the global ML tree relative to proportional DNA completeness (bp of sampled data

per species / 39,099 bp of complete data). We found no relationship (Spearman’s r = −0.01,

P = 0.582), corroborating the result of Pyron and colleagues [161] that missing data do not

consistently bias branch-length estimates. We note, however, that global biases in species

New species-level tree sets for living mammals

PLOS Biology | https://doi.org/10.1371/journal.pbio.3000494 December 4, 2019 22 / 44

https://doi.org/10.1371/journal.pbio.3000494


distributional knowledge (e.g., [164]) may additionally impact systematic attention and thus

DNA completeness per taxon. Thus, future tests should aim to tease apart the relative impacts

of missing data and their ecological covariates upon phylogenetic rate estimates.

Tree completion and tip rates. Tree “completion” methods are required to estimate tip

rates if some modern species are unsampled for DNA. These methods include the simultaneous

imputation of missing taxa during tree estimation (e.g., as we did in MrBayes patch clade analy-

ses using Phylogenetic Assembly with Soft Taxonomic Inferences [PASTIS]-generated con-

straints [165]), as well as the use of per-clade sampling fractions to analytically integrate those

missing species (e.g., as implemented in the Bayesian Analysis of Macroevolutionary Mixtures

[BAMM] model [55]). Our approach using PASTIS is useful for obtaining taxonomically realis-

tic tree shapes because branches for the DNA-missing species are drawn from the rate distribu-

tion informed by the local DNAmatrix. We find up to 2×-higher variance in the tip DR

estimates for the imputed species (S7 Fig, part a), which is an expected outcome because their

placement in 10,000 trees is random within the specified taxonomic constraints. Tip DRmedi-

ans for the same completed species are importantly no different than expected based on the

range of tip DRs for DNA-sampled species (S7 Fig, part b). We thus find no bias in tip rates

regarding whether a species was sampled for no genes or all 31 genes.

Uneven taxonomic descriptions and tip rates. Another possible bias in tip rate estimates

is the disparate amounts of revisionary taxonomic attention that different clades of mammals

have historically received. Taxonomic descriptions are arguably finer (i.e., more split) in

larger- versus smaller-bodied mammals [166,167], but the many low–tip DR species among

large and well-studied lemurs and carnivorans (Fig 1) suggests that taxonomy alone is not

driving the apparent signal of fast, recent diversification in simian primates (clades 42 and 43;

Fig 1). Many small mammals are being discovered, especially where biologists maintain active

specimen-collection programs in the tropics (e.g., [168,169]), 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; [170]), which compares with 371 (14.5%), 304

(21.9%), and 86 (16.3%) new species of rodents, bats, and shrews, respectively, in that interval

[170].

Importantly, we excluded most of the 227 new species of Artiodactyla described recently

(41.1% of the total; [170]) because they nearly all derive from the monograph of Groves and

Grubb [171] and are unvetted genetically [166,167,172]. We conservatively include 348 species

in Artiodactlya rather than 551 [170,173] but still find elevated tip rates in whale- and cow-

related lineages (clades 36 and 37, Fig 1), suggesting that those rates may be underestimates.

Overall, we suspect that unequal taxonomic efforts should be less biasing in our mammal trees

than in groups like amphibians (e.g., due to microendemism and greater tropical distributions;

[174]), but future efforts to harmonize the definition of species-level lineages on a class-wide

basis may nevertheless be fruitful.

Recommended uses of the backbone-and-patch Mammalia trees

We recommend that researchers use the “completed” or “DNA-only” tree sets for addressing

questions in which diversification rates or trait evolution are paramount, respectively; when

that distinction overlaps (e.g., trait-dependent diversification), we recommend comparing

analyses run on tree samples from both sets. In general, all types of analyses should be run on a

sample of trees to meaningfully capture uncertainty. Even for questions of ancestral states or

character evolution, it is still best to perform topology-based analyses on a sample of DNA-

only trees rather than the consensus tree alone [33,34]. Rabosky [175] highlighted that in order

to avoid biasing models of character evolution, the unsampled (DNA-missing) species should
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be avoided because they will move around at random within genus- or family-level constraints

[175,176]. Note, however, that species are generally sampled nonrandomly for DNA, so there

is an alternative danger of excluding their trait values from analyses. Approaches that apply

Rubin’s rules to address missing data in traits and phylogenetic sampling are particularly

promising, suggesting that sampling 50–100 trees is sufficient to meaningfully capture parame-

ter uncertainty [177].

Conclusion

The decade plus that has elapsed since the landmark publication of Bininda-Emonds and col-

leagues [81] highlights the clear need for improved approaches to species-level mammal phy-

logeny. Our novel, time-calibrated phylogeny incorporating all extant and described species of

mammals now enables renewed focus on the causal factors underlying the historical tempo of

evolutionary processes. However, the value of continued DNA sequencing for mammal spe-

cies, as well as the further discovery and cladistic analysis of fossils, should not be understated.

Continued improvements to the tree of life, and what we learn about mammalian biodiversity

as a result, are directly dependent on the quality of input data. Inferring phylogenies that cap-

ture uncertainty in the reconstructed evolutionary process are essential to understanding our

mammalian origins.

Methods

We developed a 10-step strategy to build the Mammalia-wide tree sets (Fig 1; S1, S2, S3 and S4

Movies). As an overview (Fig 2A), we (1) sampled and vetted available DNA sequences for

extant and recently extinct species, assembling them into a 31-gene supermatrix (steps 1–5);

(2) developed an updated taxonomy accounting for 367 new species and 76 genus transfers

(5,911 total species—Table 1, S2 Fig, and S1 Data); (3) built a global ML tree for 4,098 species

with DNA to inform taxonomic constraints (step 6—S3 Data); (4) divided mammal diversity

into 28 patch clades with nonoverlapping in-groups and identified lineages for use in the back-

bone (step 7—Table 4); (5) estimated patch clade phylogenies from DNA-only data sets and

used taxonomic imputation to include 1,813 DNA-missing species (step 8—S4 Data); and (6)

integrated fossil data at nodes and tips to compare methods of time-calibrating backbone

divergences (step 9—S5 Data; Fig 2B). The full assembly of two sets of patch clades (DNA-only

and completed) and two sets of backbones (ND and FBD; step 10) resulted in four sets of

10,000 trees for subsequent comparison of Mammalia-wide tree shape. In all four sets, the

topological and age uncertainties in the backbone (Fig 2B–2E) are propagated to the 28 patch

clades and full trees (see full data sets on Dryad: https://doi.org/10.5061/dryad.tb03d03).

DNA-gathering pipeline

We used the Basic Local Alignment Search Tool (BLAST) algorithm [105] to query a local

copy of NCBI’s nucleotide database (downloaded on 20 April 2015), which allowed us to verify

standards of homology and orthology among gathered sequence data. Use of BLAST to search

for homologous genes avoided name-based searching by taxon or gene and the synonymy

issues that entails [178]. We targeted 31 gene fragments commonly sampled among mammals

(Table 2), using the family-level supermatrix of Meredith and colleagues [60] as our starting

point (22 exons and five noncoding regions). Note that we treated RAG1 as two nonoverlap-

ping regions (RAG1a and RAG1b) to match how researchers have most commonly published

these sequences (e.g., GenBank accessions DQ865890 and AY011864 of Didelphis virginiana).

To maximize species-level sampling, we targeted four protein-coding mitochondrial genes

(mtDNA) in addition to the nuclear genes.
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For each gene, we used a set of prevetted sequences, or “baits,” as per-gene BLAST queries

of the nucleotide database subset to the NCBI GI list for Mammalia (38,442,994 entries). Given

that the per-gene 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 one sequence per mammalian family. nDNA

baits were taken from the mammal portion of Meredith and colleagues’ [60] DNA alignment,

as subset to one family representative per gene. We constructed our own mtDNA baits on a

per-gene basis by identifying 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”]. For each gene, we used the “blastn” exe-

cutable (BLAST+ v.2.2.31) with a coarse E-value of 10 when querying with DNA baits to

ensure broad taxonomic coverage. The XML2 output format allowed us to assign NCBI taxo-

nomic information [95] to each resulting hit for subsequent parsing. Using custom Bash

scripts, we kept only the unique longest sequence per NCBI taxon ID that was greater than 200

bp in length. Parsing returned a sampling of�1 targeted genes for 6,247 unique taxon IDs at

the ranks of species and subspecies out of a possible 7,319 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 (see S2 Table for

steps of successive redundancy reduction, taxonomic matching, and error checking).

This initial procedure yielded direct matches for 4,725 of the 6,247 NCBI names (75%), of

which we matched 765 via manual reference to the literature by consulting paper appendices

in which the given sequences were published. These manual matches were species (304) or

subspecies (410) or had ambiguous epithets (51; “cf.,” “sp.,” etc.). For 135 sequences (77 spe-

cies), we manually matched accession numbers for which the corresponding NCBI taxon ID

pertained to multiple valid species (denoted as “added manually” in S2 Table and S1 Data). Of

the 5,490 NCBI names matched directly or manually, there were 1,273 junior synonyms,

resulting in a starting list of 4,217 accepted species with�1 targeted gene sampled (3,954 spe-

cies matching the International Union for the Conservation of Nature [IUCN] taxonomy

+ 263 added species; see below and S2 Fig). These DNA data were the basis for subsequent

error checking.

Taxonomy reconciliation and updating

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

cies-level comparative analysis. The NCBI taxonomy associated with our genetic data con-

tained synonymous names and so needed to be vetted against an authoritative list of accepted

mammalian species. We chose to initially base this matchup on the IUCN [94] because it (1)

followed closely the authority of MSW3 [85], (2) was updated in several cases fromMSW3,

and (3) was tied to geospatial [179] and species trait [180] resources for downstream analysis.

The IUCN base taxonomy contained 5,513 mammal species as downloaded 15 April 2015. We

next used a synonym list compiled from several sources (Catalogue of Life [181], MSW3,

IUCN; total of 195,562 unique equivalencies; updated fromMeyer and colleagues [164]) to

match the NCBI species and subspecies names to IUCN.

Our taxonomic matchup also revealed considerable changes to the number of valid mam-

mal species because many were described after the approximately 2004 cutoff date of MSW3

[85] and approximately 2008 cutoff for most of the IUCN list. We made changes to the IUCN

base taxonomy as follows: additions of (1) 367 new species, (2) 13 domestic species, and (3) 30

species recently extinct (last approximately 500 years) and subtraction of 12 species synony-

mized within existing IUCN names. The net change of 398 species resulted in a master
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taxonomy of 5,911 mammalian species for this study, of which 5,804 species are considered

extant (S1 Table and S2 Fig). The Mammal Diversity Database [170,173] (mammaldiversity.

org) was an outgrowth of our project, yet it supersedes this total number of species because it

continues to update mammalian taxonomy as new literature is published.

Estimation of DNA-only and completed patch clades

Patch clades were estimated with (1) DNA sampling only and no topology constraints (4,098

species, “TopoFree”) or (2) DNA sampling plus taxonomic constraints from the global ML

tree to add the remaining unsampled species (5,911 species total, “TopoCons”). For both sets

of patch clades, all phylogenies were estimated using identical models of evolution. Parameters

of the GTR + Gmodel were estimated independently among the nine partitions, as described

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

for some (especially smaller) patch clades, we opted for consistency across all reconstructions.

Molecular rate multipliers were estimated for each partition (ratepr = variable) to account for

heterotachy (e.g., mtDNA second versus third positions [182,183]). We specified a relaxed

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

[184] and length drawn from a birth–death process (brlenspr = clock:birthdeath). Ultrametric

branch lengths were initially estimated in units of expected substitutions per site and subse-

quently rescaled to absolute time in millions of years from backbone divergence times (see

below). Exponential distributions were given to priors for clock rate variance and net diversifi-

cation (with mean of 0.1) and a beta prior (0–1) on the relative extinction rate. Note that previ-

ous backbone-and-patch studies fixed the relative extinction rate to zero, extinctionpr = fixed

(0), which resulted in the patch clades being estimated under a pure-birth rather than birth–

death process [27,39,40].

We set the in-group sampling probability to the proportion of sampled species per patch

for the DNA-only analyses (Table 4) and to 1.0 for the taxonomically completed analyses. For

each patch clade, we performed four parallel runs of MrBayes with BEAGLE, each run consist-

ing of four chains of Markov chain Monte Carlo (MCMC; three heated and one cold) and

sampled every 10,000 steps for 33,330,000 generations (S1 Text).

For the completed trees, taxonomic constraints for MrBayes were formed with the R pack-

age PASTIS [165]. This package reduced the potential for human error while also accounting

for nonmonophyletic genera in the global ML tree. Ready-to-execute MrBayes files for each

patch clade were generated from the following inputs (see Dryad data: https://doi.org/10.5061/

dryad.tb03d03): (1) sequences file of aligned DNA in FASTA format, (2) taxa file of genus

membership for all sampled and missing species, (3) missing clades file (if needed) designating

where to constrain missing genera, (4) guide tree file giving the relationships of DNA-sampled

species (global ML tree, pruned to patch clade species), and (5) 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—were

enforced as topology constraints for purposes of adding DNA-missing species to posterior

phylogenies. This TopoCons procedure ensured that missing species were added in a phyloge-

netically informed way, although this has the trade-off of fixing the position of some poorly

resolved nodes in the global ML tree. Topologies for those same nodes are sampled probabilis-

tically in the TopoFree DNA-only patch clades.

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,” “neg-

ative,” and “partial” constraints in MrBayes, when arranged hierarchically, was used to restrict
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taxon additions to inside a given clade and outside other clades [50,165]. Partial constraints

from PASTIS placed missing species randomly within the least inclusive clade containing all

DNA-sampled members of a given genus. For example, the task of constraining 39 missing

species of Rattus (of 66 total) was complicated by its paraphyly relative to Diplothrix, Lim-

nomys, Tarsomys, Bandicota, and Nesokia (S3 Data). By using partial constraints, we could

constrain missing Rattus species to their paraphyletic grouping across the posterior distribu-

tion. Completed species’ branch lengths were drawn from the same birth–death distribution as

the rest of the patch clade, biasing PASTIS completions toward rate-constant processes while

preserving the taxonomically expected tree shape [27,165]. Therefore, our phylogenies should

tend to favor null explanations involving constant-rate species diversification.

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 rescaled to absolute time and then

joined to form full species-level trees of Mammalia (Fig 2). Fossil information provided the

temporal framework for calibrating backbone divergences. Two types of backbones were con-

structed: (1) ND, using 17 fossil calibrations and one root constraint from Benton and col-

leagues [139], as augmented by Philips ([185]; S1 Text, section 6 for list of fossil calibrations),

and (2) tip-dated (FBD [58]), using the morphological data set of Zhou and colleagues [119]

trimmed to 76 fossil (mostly Mesozoic fossils, 66–252 Ma) and 22 extant taxa. In both types of

analyses, we focused on a common set of extant taxa to subset the full supermatrix for molecu-

lar characters (59 mammals, representing each of the 28 patch clades plus select additional

family-level taxa, and one out-group, Anolis carolinensis). Taxa were selected based on their

extent of genetic sampling, which for most taxa was>25 of 31 genes (median: 29, range:

3–31). Some additional taxa were selected so that nodes were present for subsequent age con-

straint in the node-dating analyses or due to their inclusion in the morphological data set of

Zhou and colleagues [119].

Node age priors were based on the “best practices for fossil calibrations” recommendations

of Parham and colleagues [57], which among other criteria states that (1) fossils should be con-

fidently placed in the crown group of the calibrated node using a formal cladistic analysis of

extant and fossil morphological characters and that (2) fossils placed along the stem of a given

crown group can only inform the minimum age of the next node back (sister of crown groups

[186]). Calibrations were set either as (1) exponential priors (“NDexp”), offset to minimum

ages with soft maxima [187] 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

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

versus uniform priors were compared to test the sensitivity of dating 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. Analyses were run in MrBayes v.3.2.6

similarly as the patch clades but with the following exceptions: (1) the taxon sampling proba-

bility was set to 0.0102 (59 of 5,804 extant species), (2) the sampling strategy was set to “diver-

sity” given our maximization of taxonomic diversity in the backbone phylogeny, and (3) the

birth–death clock rate prior was set to a lognormal that assumed each nucleotide site changed

one time in the approximately 318 million–year root-to-tip distance (mean = log[1/318], stan-

dard deviation = exp[1/318]) [188]. The node age prior was set to “calibrated,” indicating that

the probability distribution on terminal and interior node ages was derived from the calibra-

tion 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 four independent
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runs of four chains each (three heated and one cold), run for 50,000,000 generations and sam-

pled every 10,000 generations.

For tip dating, we aimed to replicate the study of Zhou and colleagues [119] with the addi-

tional “total evidence” perspective of our molecular data set. Tip-dating methods reconstruct

the phylogeny of living and fossil taxa according to morphological characters coded for both

taxon classes, using the stratigraphic ranges of fossils to inform the birth–death clock model

[123,189]. Fossilization can now be parameterized along with birth and death (FBD; [58]), and

diversified sampling of extant and fossil taxa can be accommodated in the FBD process [190].

A key contrast in tip dating versus node dating is that fossils impact node ages via their cladis-

tic placement. Thus, different (in some cases fewer) assumptions are involved in tip than in

node dating. However, because the former methods are in greater flux [64,121,191], comparing

both strategies is useful. Analyses were run in MrBayes v.3.2.6 in a manner analogous to node

dating but with the following exceptions: (1) each fossil tip was given a uniform calibration

prior between minimum and maximum stratigraphic ages; (2) the “clock:fossilization” branch-

length prior was specified, as appropriate for clock trees including fossils [58,190]; and (3) no

node calibrations were enforced. Whereas node-dating 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 and colleagues [119], we used hard constraints on the

following nodes: in-group from Anolis out-group; 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 Mammaliaformes but out-

side crown mammals ([118,119]; contra to [192]). Note that by exactly following the topology of

Zhou and colleagues [119], we constrained two shuotheriids (Shuotherium and Pseudotribos) to

be paraphyletic because of an apparent error in their matrix [120]. As with the node-dating

runs, for tip dating we conducted four independent runs of four chains each (three heated and

one cold), each run for 50,000,000 generations and sampled every 10,000 trees (executables in

S5 Data). We estimate that the final runs of node- and tip-dating backbone analyses (not count-

ing troubleshooting) together took 8 weeks in MrBayes using 16 BEAGLE-enabled nodes for a

total of approximately 21,500 cpu hours.

Construction of full dated mammalian phylogenies

We summarized the Bayesian patch- and backbone-level runs after discarding the first 25%

and 50% of samples as burn-in, respectively. Analyses demonstrated convergent traces in

Tracer v.1.5 potential scale reduction factors (PSRFs) of approximately 1 among chains and

ESS scores>200 for most parameters, allowing us to combine the four independent runs.

Each run was reduced to 2,500 sampled trees after burn-in (from 3,333 for patch clades and

5,000 for backbones), yielding posterior distributions of exactly 10,000 trees upon combining

in the Bash shell. For the backbone analyses, fossil-calibrated branch lengths were finalized to

absolute time units (millions of years) using the “burntrees.pl” script “--myr” flag (https://

github.com/nylander/Burntrees).

To unite the 28 patch clades and the backbone phylogeny (Fig 2A), we first needed to

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

Because patches were estimated in ultrametric but relative units—brlenspr = clock:birthdeath,

clockratepr = Fixed(1.0)—this procedure was accomplished with a simple multiplication in R

with the “ape” package [193]. We used the rescale-and-graft procedure of previous studies

[27,39,188], outlined here:

1. Load all 10,000 trees for a selected backbone analysis and each of the patch clades.
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2. Prune all backbones to A. carolinensis and 28 species representatives, one for each of the

patch clades.

3. Prune the placeholder taxa from Dermoptera and Platacanthomyidae patch clades.

4. For each of the 10,000 samples of backbones and patches (sequentially),

a. take one pruned backbone tree; get branching times and identify pairwise MRCA nodes

that correspond to the out-group-to-in-group relationship, recording the node age per

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

b. take 28 trees, one from each patch clade; for each, get the relative branching times and

divide the age of the in-group crown by that of the root, obtaining the relative scale of

the stem edge from out-group to in-group; 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;

d. use which.edge() in ape to identify 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; and

e. use bind.tree() in ape to graft each rescaled patch clade to the corresponding shortened

edge of the pruned backbone, thereby forming one uniformly time-scaled tree of 5,911

(or 4,098) species of mammals.

5. Repeat that procedure to construct credible sets of 10,000 phylogenies for each of the back-

bone analyses (ND and FBD). Note that some authors call these “pseudoposterior” trees

because the final trees graft together independent inferences.

Exceptions to the above procedure involved Monotremata, Marsupialia, and Lagomorpha,

in which patch clades were rescaled to crown rather than stem divergences because of the use

of a distant out-group (Rattus), and some of the bat and rodent patch clades were conditionally

assembled because of basal phylogenetic uncertainty (see S1 Text, section 7).

For purposes of visually summarizing the variation in the credible sets of full trees, we (1)

constructed MCC consensus trees in TreeAnnotator v.1.8.2 [194] and (2) generated movies to

cycle through the variation in tree topology and node ages for trees in each credible set. Mean

node ages and 95% HPD intervals were summarized for the backbone-level MCC trees for use

in node age comparisons with other studies. For the full species-level trees, we kept the target

node heights of the MCC tree rather than annotating node averages (in some cases, node aver-

ages would collectively result in negative branch lengths). Although the species-level DNA-

only MCC trees are appropriate for some analyses, analyzing a credible set of trees is generally

still preferred. The completed MCC trees were for display purposes only (e.g., Fig 1) because

the DNA-missing species have variable placements within taxonomic constraints, and thus, no

single tree can meaningfully summarize their uncertainty (see Discussion section on “Recom-

mended uses”). Movies of the credible trees’ sets were generated as animated gifs from png-

formatted plots of 100 sampled trees using the R package “magick” [195].
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Tip-level speciation rates

To characterize species-level variation in speciation rates across Mammalia and compare it

among studies, we calculated per-species estimates of expected pure-birth diversification rates

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

measure [27,196]. This metric has been called the “DR statistic” and “tip-level diversification

rate” because it measures recent diversification processes among extant species [154]. How-

ever, to avoid confusion with “net diversification,” for which tip DR is misleading when extinc-

tion is very high (relative extinction>0.8 [197]), we here refer to tip DR as a tip-level

speciation rate estimator. Tip DR emphasizes geologically recent speciation over deeper-time

dynamics, and so it is comparatively less prone to bias from undetected extinction events or

nonidentifiability [198] than methods for detecting branch-specific or tree-wide rate shifts

[199–201]. We calculate tip DR on full Mammalia phylogenies from the root to each tip as

Tip DRi ¼ 1=
XNi

j¼1

lj
1

2
j�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 [24,27]. 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

have identical tip DR values. Species with the highest tip DR have many short branches shared

with other species near the present, implying that recent branching is abundant, whereas low–

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

[24]).

We compared our estimates of tip DR calculated across 10,000 trees to those derived from

the MRP supertree (1,000 trees; [87]), DNA supertree (1,000 trees; [92]), and consensus time-

tree of mammals (1 tree; [93]). We summarized the harmonic mean and 95% confidence inter-

val (CI) for the tip DR value of each species in each data set for subsequent plotting. Note that

tip DR should only be calculated on “completed” trees that account for all extant and recently

extinct species, so we excluded 245 species of Pleistocene extinct mammals in the Faurby and

Svenning [92] supertree, retaining only those 97 species presumed to have gone extinct in the

last approximately 500 years. Direct matching of species binomial names from our study

(n = 5,911) to the other data sets yielded 4,670, 5,329, and 5,033 pairwise comparisons of tip

DR, respectively, for these three studies listed above.

Lineage accumulation comparisons

To visualize variation in branching times across Mammalia and among studies, we randomly

selected 100 trees from each study and plotted the accumulation of lineages through time from

root to tip. We used the ltt.plot() and ltt.lines() functions in the R package ape to output png

files for publication.

To assess the congruence of our molecular phylogeny–based rate estimates with the fossil

record, we analyzed Mammalia fossil occurrence data from the Paleobiology Database [132],

as downloaded on 16 August 2018. Grouping by genus after excluding ichnotaxa and uncer-

tain genera, we recovered 71,928 occurrences of 5,300 genera from the earliest basal Mamma-

liaformes (e.g., Gondwanadon, late Triassic approximately 235 Ma) to modern genera with

fossil records (e.g., Pteropus). The maximum stratigraphic age of the oldest genus per extant

mammalian order was used to represent the “fossil stem maximum” age for comparison with

our estimates and those of previous studies.
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Data availability

All curated data and code are available in the supplementary materials deposited in the Dryad Dig-

ital Repository: https://doi.org/10.5061/dryad.tb03d03 [202]. Code for reproducing analyses and

figures is also on Github: https://github.com/n8upham/MamPhy_v1. Credible sets of 10,000 trees

are available for taxonomic subsetting using the online tool at https://vertlife.org/phylosubsets, and

further mammal tree visualizations are presented at http://vertlife.org/data/mammals/.

Supporting information

S1 MDAR Checklist. Included are details of the data availability for this study.MDAR,

Materials Design Analysis Reporting.

(PDF)

S1 Fig. Trade-off between tree size (number of analyzed tips) and the amount of statistical

uncertainty in the tree. Computational costs increase with tree size and the realism of the evo-

lutionary models, resulting in reduced ability to propagate estimate uncertainty in larger trees.

We suggest a current upper limit of approximately 1,000 species for Bayesian coestimation,

beyond which performing supermatrix analyses requires our backbone-and-patch approach

(green) to divide the tree into smaller subanalyses.

(TIFF)

S2 Fig. Our master taxonomy (5,911 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 approximately 85%

of the NCBI names (6,247 of 7,319; 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

4,217 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 4,098 species

after error-checking steps (see S1 and S2 Data; Dryad: https://doi.org/10.5061/dryad.tb03d03).

IUCN, International Union for the Conservation of Nature; NCBI, National Center for Bio-

technology Information.

(TIFF)

S3 Fig. Final genetic sampling of mammal species from NCBI relative to total diversity of

genera and families. Species were considered sampled for DNA if one or more of our 31

genes were sampled in the final supermatrix after DNA cleaning, error checking, and taxo-

nomic reconciliation. Inset are detailed views of the genetic sampling within the 20 most spe-

ciose genera (of 1,283 total) and families (of 127 total). Much additional DNA sequencing is

needed to move from the 4,098 species with genetic sampling to the>6,000 species of modern

mammals. Dryad data: https://doi.org/10.5061/dryad.tb03d03. NCBI, National Center for Bio-

technology Information.

(TIFF)

S4 Fig. 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 dis-

played at nodes. Node circles indicate PP values of�0.95 (black), 0.94–0.75 (gray), and<0.75

(white). Dryad data: https://doi.org/10.5061/dryad.tb03d03. PP, posterior probability.

(TIFF)
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S5 Fig. Full tip-dated backbone phylogeny. This was constructed using FBD in MrBayes

based on the morphological matrix of Zhou and colleagues [119] 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 PP values of�0.95 (black), 0.94–0.75 (gray), and<0.75 (white). Dryad data: https://

doi.org/10.5061/dryad.tb03d03. FBD, fossilized birth–death; PP, posterior probability.

(TIFF)

S6 Fig. Comparison of results from three methods used to time-calibrate the backbone.

Each method is pruned to the 28 patch clade representatives: (a) FBD where fossil taxa are

placed as extinct tips in the tree (left side) and then pruned (right side); and 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 PP values of�0.95 (black), 0.94–0.75 (gray), and<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 and S5 Fig). Dryad data: https://doi.org/10.5061/dryad.tb03d03. FBD, fossilized birth–

death; ND, node-dated; PP, posterior probability.

(TIFF)

S7 Fig. 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 versus the num-

ber of genes (0–31) sampled in the global DNA supermatrix. Completed trees are those in

which no-DNA species (0 genes) were added using PASTIS during MrBayes runs. As expected,

variance in tip DR estimates is higher for completed species (note the different y-axes from left

to right panel 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 indi-

cation of general trends in the data (slight negative trends do not account for phylogenetic

covariance). Dryad data: https://doi.org/10.5061/dryad.tb03d03. tip DR, tip-level pure-birth

diversification rate; PASTIS, Phylogenetic Assembly with Soft Taxonomic Inferences.

(TIFF)

S8 Fig. Summary of data contributions per author on the NCBI public sequence database.

The top 30 contributors as first and last authors toward the 31-gene supermatrix used in this

study, first as barplots of author frequency (top row) and then treemap diagrams of the same

data (bottom row). The full DNA supermatrix consisted of 21,021 total sequences after error-

checking steps, of which 1,963 sequences were contributed by the Meredith and colleagues

[60] study that served as DNA baits for 27 of the 31 genes examined in this study. Dryad data:

https://doi.org/10.5061/dryad.tb03d03. NCBI, National Center for Biotechnology Informa-

tion.

(TIFF)

S9 Fig. Consensus tree of the DNA-only node-dated phylogeny of 4,098 mammal species.

This MCC tree summarizes the mean node ages, 95% highest posterior densities, and nodal

support values across 10,000 node-dated trees. Dryad data: https://doi.org/10.5061/dryad.

tb03d03; phylogeny subsets: http://vertlife.org/phylosubsets. MCC, maximum clade credibil-

ity.

(EPS)

S10 Fig. Consensus tree of the DNA-only tip-dated phylogeny of 4,098 mammal species

plus 76 stem fossils. This MCC tree summarizes mean node ages, 95% highest posterior

New species-level tree sets for living mammals

PLOS Biology | https://doi.org/10.1371/journal.pbio.3000494 December 4, 2019 32 / 44

http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3000494.s006
https://doi.org/10.5061/dryad.tb03d03
https://doi.org/10.5061/dryad.tb03d03
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3000494.s007
https://doi.org/10.5061/dryad.tb03d03
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3000494.s008
https://doi.org/10.5061/dryad.tb03d03
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3000494.s009
https://doi.org/10.5061/dryad.tb03d03
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3000494.s010
https://doi.org/10.5061/dryad.tb03d03
https://doi.org/10.5061/dryad.tb03d03
http://vertlife.org/phylosubsets
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3000494.s011
https://doi.org/10.1371/journal.pbio.3000494


densities, and nodal support values across 10,000 tip-dated trees. Dryad data: https://doi.org/

10.5061/dryad.tb03d03; phylogeny subsets: http://vertlife.org/phylosubsets. MCC, maximum

clade credibility.

(EPS)

S1 Movie. Visual summary of phylogenetic uncertainty in the node-dated completed trees.

Variation in the tree topology and node ages is shown across 100 trees sampled from the credi-

ble set of 10,000 trees, including the relative placement of higher taxa on the Mammalia back-

bone (colored balls) and the location of taxonomically imputed species (gray bars on tips).

Dryad data: https://doi.org/10.5061/dryad.tb03d03; phylogeny subsets: http://vertlife.org/

phylosubsets; direct link to mammal tree visualizations: http://vertlife.org/data/mammals/.

(MOV)

S2 Movie. Visual summary of phylogenetic uncertainty in the tip-dated completed trees.

Variation in the tree topology and node ages is shown across 100 trees sampled from the credi-

ble set of 10,000 trees, including the relative placement of higher taxa on the Mammalia back-

bone (colored balls) and the location of taxonomically imputed species (gray bars on tips).

Dryad data: https://doi.org/10.5061/dryad.tb03d03; phylogeny subsets: http://vertlife.org/

phylosubsets; direct link to mammal tree visualizations: http://vertlife.org/data/mammals/.

(MOV)

S3 Movie. Visual summary of phylogenetic uncertainty in the node-dated DNA-only trees.

Variation in the tree topology and node ages is shown across 100 trees sampled from the credi-

ble set of 10,000 trees, including the relative placement of higher taxa on the Mammalia back-

bone (colored balls; all modern species are sampled for DNA). Dryad data: https://doi.org/10.

5061/dryad.tb03d03; phylogeny subsets: http://vertlife.org/phylosubsets; direct link to mam-

mal tree visualizations: http://vertlife.org/data/mammals/.

(MOV)

S4 Movie. Visual summary of phylogenetic uncertainty in the tip-dated DNA-only trees.

Variation in the tree topology and node ages is shown across 100 trees sampled from the credi-

ble set of 10,000 trees, including the relative placement of higher taxa on the Mammalia back-

bone (colored balls; all modern species are sampled for DNA). Dryad data: https://doi.org/10.

5061/dryad.tb03d03; phylogeny subsets: http://vertlife.org/phylosubsets; direct link to mam-

mal tree visualizations: http://vertlife.org/data/mammals/.

(MOV)

S1 Table. The master taxonomy of this study versus existing authoritative lists. Common

authorities for mammals are MSW3 [85], IUCN [94], and the MDD [170]. IUCN, Interna-

tional Union for the Conservation of Nature; MDD, Mammal Diversity Database; MSW3,

Mammal Species of the World, third edition.

(DOCX)

S2 Table. 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; NCBI, National Center for Biotechnology Information.

(DOCX)

S3 Table. Divergence times relative to prior studies. Crown divergence mean Est and 95%

CI (lower and upper) for each taxon listed, with the 27 extant mammal orders in capital letters.
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Ages in gray are order-level divergences estimated near the K-Pg extinction, with “near”

defined as having 95% CI< 3 Ma of 66 Ma, whereas black ages have CIs>3 before 66 Ma.

Our node-dated estimates are compared with global amino acid and DNA dates [60], best esti-

mate dates [81], combined “14K+Mit” dates [61], rapid diversification posteriors [64], and fos-

sil compendia [63,132]. Dates are missing if a node was not recovered or lacked taxon

sampling. CI, confidence interval; Est, estimate; K-Pg, Cretaceous–Paleogene; Ma, million

years ago.

(DOCX)

S4 Table. Fossil maximum stratigraphic ages per order relative to stem ages from our

node-dated phylogeny (95% HPD age of 10,000 trees). Fossil occs. per extant mammalian

order were gathered from the Paleobiology Database. HPD, highest posterior density; occ.,

occurrences.

(DOCX)

S5 Table. Per-clade summary of 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

NS. tip DR, tip-level pure-birth diversification rate; NS, not significant.

(DOCX)

S1 Data. Details of the DNA cleaning steps and updated master taxonomy of mammals

used in this study. Three multitab Excel files, including the per-gene sampling in the final

supermatrix, initial gene lengths, NCBI accession numbers, and the authors of each sequence.

Dryad data: https://doi.org/10.5061/dryad.tb03d03. NCBI, National Center for Biotechnology

Information.

(ZIP)

S2 Data. Per-gene DNA alignments for 31 genes and gene tree outputs from RAxML.

Includes PDF plots of each gene tree along with the newick tree file and the DNA alignments

in phylip format. Dryad data: https://doi.org/10.5061/dryad.tb03d03. RAxML, Randomized

Axelerated Maximum Likelihood.

(ZIP)

S3 Data. Global ML tree for 4,098 species of mammals built from the 31-gene supermatrix.

Includes the full 31-gene supermatrix alignment, taxonomy file, newick tree file and PDF plot-

ting of global RAxML tree, and R code for dividing the tree into patch clade segments for scaf-

folding the subsequent Bayesian analyses. Dryad data: https://doi.org/10.5061/dryad.tb03d03.

ML, maximum-likelihood; RAxML, Randomized Axelerated Maximum Likelihood.

(ZIP)

S4 Data. Results of 28 patch clade phylogenies in relative time across Mammalia. Relative

time results (i.e., not yet time scaled) presented as MCC trees for each of the patch clade runs,

both as nexus and PDF plots, and details of the species and gene sampling in each patch clade.

Dryad data: https://doi.org/10.5061/dryad.tb03d03. MCC, maximum clade credibility.

(ZIP)

S5 Data. Results and run files for backbone divergence-time analyses in MrBayes. Time-

scaled MCC trees for each of the three backbone dating analyses in nexus format, as well as the

run files and details of taxon sampling and node constraints. Dryad data: https://doi.org/10.

5061/dryad.tb03d03. MCC, maximum clade credibility.

(ZIP)
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S1 Text. Supplementary methods and results for the analyses conducted in this study.

Included are details of the taxonomic matchup, DNA sequence alignment, gene tree construc-

tion and error checking, final DNA sampling, 31-gene supermatrix analyses, patch clade run

settings, 17 node-dated fossil calibrations, and construction of the full Mammalia-wide phy-

logenies.

(PDF)
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135. Springer MS, Signore AV, Paijmans JLA, Vélez-Juarbe J, Domning DP, Bauer CE, et al. Interordinal
gene capture, the phylogenetic position of Steller’s sea cow based on molecular and morphological
data, and the macroevolutionary history of Sirenia. Mol Phylogenet Evol. 2015; 91: 178–193. https://
doi.org/10.1016/j.ympev.2015.05.022 PMID: 26050523

136. O’Leary MA, Gatesy J. Impact of increased character sampling on the phylogeny of Cetartiodactyla
(Mammalia): combined analysis including fossils. Cladistics. 2008; 24: 397–442. https://doi.org/10.
1111/j.1096-0031.2007.00187.x

137. Spaulding M, O’Leary MA, Gatesy J. Relationships of Cetacea (Artiodactyla) AmongMammals:
Increased Taxon Sampling Alters Interpretations of Key Fossils and Character Evolution. PLoS ONE.
2009; 4: e7062. https://doi.org/10.1371/journal.pone.0007062 PMID: 19774069

138. O’Leary MA, UhenMD. The time of origin of whales and the role of behavioral changes in the terres-
trial-aquatic transition. Paleobiology. 1999; 25: 534–556. https://doi.org/10.1017/
S0094837300020376

139. Benton MJ, Donoghue PCJ, Asher RJ, FriedmanM, Near TJ, Vinther J. Constraints on the timescale
of animal evolutionary history. Palaeontol Electron. 2015; 18.

New species-level tree sets for living mammals

PLOS Biology | https://doi.org/10.1371/journal.pbio.3000494 December 4, 2019 41 / 44

https://doi.org/10.1073/pnas.1519387112
http://www.ncbi.nlm.nih.gov/pubmed/26630008
https://doi.org/10.1038/nature12429
http://www.ncbi.nlm.nih.gov/pubmed/23925238
https://doi.org/10.1038/s41586-018-0126-y
https://doi.org/10.1038/s41586-018-0126-y
http://www.ncbi.nlm.nih.gov/pubmed/29795343
https://doi.org/10.1098/rsbl.2016.0033
http://www.ncbi.nlm.nih.gov/pubmed/27381882
https://doi.org/10.1098/rspb.2019.0672
https://doi.org/10.1098/rspb.2019.0672
http://www.ncbi.nlm.nih.gov/pubmed/31064307
https://doi.org/10.1093/sysbio/syr047
http://www.ncbi.nlm.nih.gov/pubmed/21540408
https://doi.org/10.1073/pnas.1616744114
https://doi.org/10.1073/pnas.1616744114
http://www.ncbi.nlm.nih.gov/pubmed/28808022
https://doi.org/10.1016/j.ympev.2016.09.017
http://www.ncbi.nlm.nih.gov/pubmed/27659724
https://doi.org/10.1093/sysbio/syv115
http://www.ncbi.nlm.nih.gov/pubmed/26658702
https://doi.org/10.1186/s12862-018-1218-x
http://www.ncbi.nlm.nih.gov/pubmed/29969980
https://doi.org/10.1093/gbe/evv261
http://www.ncbi.nlm.nih.gov/pubmed/26733575
https://doi.org/10.1073/pnas.1421707112
https://doi.org/10.1073/pnas.1421707112
http://www.ncbi.nlm.nih.gov/pubmed/25605875
https://doi.org/10.1038/416816a
http://www.ncbi.nlm.nih.gov/pubmed/11976675
https://doi.org/10.1023/A:1011317930838
http://fossilworks.org
https://doi.org/10.1139/e06-034
https://doi.org/10.1016/j.ympev.2015.05.022
https://doi.org/10.1016/j.ympev.2015.05.022
http://www.ncbi.nlm.nih.gov/pubmed/26050523
https://doi.org/10.1111/j.1096-0031.2007.00187.x
https://doi.org/10.1111/j.1096-0031.2007.00187.x
https://doi.org/10.1371/journal.pone.0007062
http://www.ncbi.nlm.nih.gov/pubmed/19774069
https://doi.org/10.1017/S0094837300020376
https://doi.org/10.1017/S0094837300020376
https://doi.org/10.1371/journal.pbio.3000494


140. Bajpai S, Gingerich PD. A new Eocene archaeocete (Mammalia, Cetacea) from India and the time of
origin of whales. Proc Natl Acad Sci. 1998; 95: 15464–15468. https://doi.org/10.1073/pnas.95.26.
15464 PMID: 9860991

141. Davies TW, Bell MA, Goswami A, Halliday TJD. Completeness of the eutherian mammal fossil record
and implications for reconstructing mammal evolution through the Cretaceous/Paleogenemass
extinction. Paleobiology [Internet]. Nov 2017 [cited 2018 Oct 7]; 43(4). https://doi.org/10.1017/pab.
2017.20

142. Bennett CV, Upchurch P, Goin FJ, Goswami A. Deep time diversity of metatherian mammals: implica-
tions for evolutionary history and fossil-record quality. Paleobiology. 2018; 44: 171–198. https://doi.
org/10.1017/pab.2017.34

143. Alroy J. The Fossil Record of North AmericanMammals: Evidence for a Paleocene Evolutionary Radi-
ation. Syst Biol. 1999; 48: 107–118. https://doi.org/10.1080/106351599260472 PMID: 12078635

144. Brown EE, Cashmore DD, Simmons NB, Butler RJ. Quantifying the completeness of the bat fossil
record. Palaeontology. 2019;0. https://doi.org/10.1111/pala.12426

145. Donoghue PCJ, BentonMJ. Rocks and clocks: calibrating the Tree of Life using fossils andmolecules.
Trends Ecol Evol. 2007; 22: 424–431. https://doi.org/10.1016/j.tree.2007.05.005 PMID: 17573149

146. D’Elı́a G, Fabre P-H, Lessa EP. Rodent systematics in an age of discovery: recent advances and pros-
pects. J Mammal. 2019; 100: 852–871. https://doi.org/10.1093/jmammal/gyy179

147. Graur D, HideWA, Li W-H. Is the guinea-pig a rodent? Nature. 1991; 351: 649–652. https://doi.org/10.
1038/351649a0 PMID: 2052090

148. Asher RJ, Smith MR., Rankin A, Emry RJ. Congruence, fossils and the evolutionary tree of rodents
and lagomorphs. R Soc Open Sci. 2019; 6: 190387. https://doi.org/10.1098/rsos.190387 PMID:
31417738

149. Lara MC, Patton JL, da Silva MNF. The Simultaneous Diversification of South American Echimyid
Rodents (Hystricognathi) Based on Complete Cytochrome b Sequences. Mol Phylogenet Evol. 1996;
5: 403–413. https://doi.org/10.1006/mpev.1996.0035 PMID: 8728398

150. Bininda-Emonds ORP, Gittleman JL, Steel MA. The (Super)Tree of Life: Procedures, Problems, and
Prospects. Annu Rev Ecol Syst. 2002; 33: 265–289. https://doi.org/10.1146/annurev.ecolsys.33.
010802.150511

151. SansomRS. Bias and Sensitivity in the Placement of Fossil Taxa Resulting from Interpretations of
Missing Data. Syst Biol. 2015; 64: 256–266. https://doi.org/10.1093/sysbio/syu093 PMID: 25432893

152. Holland SM. The non-uniformity of fossil preservation. Philos Trans R Soc B Biol Sci. 2016; 371:
20150130. https://doi.org/10.1098/rstb.2015.0130 PMID: 27325828

153. BaumDA, Smith SD. Tree Thinking: An Introduction to Phylogenetic Biology. 1st ed. Greenwood Vil-
lage, CO: W. H. Freeman; 2012.

154. Quintero I, Jetz W. Global elevational diversity and diversification of birds. Nature. 2018; 555(7695):
246–250. https://doi.org/10.1038/nature25794 PMID: 29466335

155. Pyron RA, Burbrink FT. Phylogenetic estimates of speciation and extinction rates for testing ecological
and evolutionary hypotheses. Trends Ecol Evol. 2013; 28: 729–736. https://doi.org/10.1016/j.tree.
2013.09.007 PMID: 24120478

156. Scale Jablonski D. and hierarchy in macroevolution. Palaeontology. 2007; 50: 87–109. https://doi.org/
10.1111/j.1475-4983.2006.00615.x

157. Ricklefs RE. Estimating diversification rates from phylogenetic information. Trends Ecol Evol. 2007;
22: 601–610. https://doi.org/10.1016/j.tree.2007.06.013 PMID: 17963995

158. Lemmon AR, Brown JM, Stanger-Hall K, Lemmon EM. The Effect of Ambiguous Data on Phylogenetic
Estimates Obtained by Maximum Likelihood and Bayesian Inference. Syst Biol. 2009; 58: 130–145.
https://doi.org/10.1093/sysbio/syp017 PMID: 20525573

159. Wiens JJ. Missing data, incomplete taxa, and phylogenetic accuracy. Syst Biol. 2003; 52: 528–538.
https://doi.org/10.1080/10635150390218330 PMID: 12857643

160. Wiens JJ, Morrill MC. Missing Data in Phylogenetic Analysis: Reconciling Results from Simulations
and Empirical Data. Syst Biol. 2011; syr025. https://doi.org/10.1093/sysbio/syr025 PMID: 21447483

161. Pyron RA, Burbrink FT, Wiens JJ. A phylogeny and revised classification of Squamata, including 4161
species of lizards and snakes. BMC Evol Biol. 2013; 13: 93. https://doi.org/10.1186/1471-2148-13-93
PMID: 23627680

162. Roure B, Baurain D, Philippe H. Impact of Missing Data on Phylogenies Inferred from Empirical Phylo-
genomic Data Sets. Mol Biol Evol. 2013; 30: 197–214. https://doi.org/10.1093/molbev/mss208 PMID:
22930702

New species-level tree sets for living mammals

PLOS Biology | https://doi.org/10.1371/journal.pbio.3000494 December 4, 2019 42 / 44

https://doi.org/10.1073/pnas.95.26.15464
https://doi.org/10.1073/pnas.95.26.15464
http://www.ncbi.nlm.nih.gov/pubmed/9860991
https://doi.org/10.1017/pab.2017.20
https://doi.org/10.1017/pab.2017.20
https://doi.org/10.1017/pab.2017.34
https://doi.org/10.1017/pab.2017.34
https://doi.org/10.1080/106351599260472
http://www.ncbi.nlm.nih.gov/pubmed/12078635
https://doi.org/10.1111/pala.12426
https://doi.org/10.1016/j.tree.2007.05.005
http://www.ncbi.nlm.nih.gov/pubmed/17573149
https://doi.org/10.1093/jmammal/gyy179
https://doi.org/10.1038/351649a0
https://doi.org/10.1038/351649a0
http://www.ncbi.nlm.nih.gov/pubmed/2052090
https://doi.org/10.1098/rsos.190387
http://www.ncbi.nlm.nih.gov/pubmed/31417738
https://doi.org/10.1006/mpev.1996.0035
http://www.ncbi.nlm.nih.gov/pubmed/8728398
https://doi.org/10.1146/annurev.ecolsys.33.010802.150511
https://doi.org/10.1146/annurev.ecolsys.33.010802.150511
https://doi.org/10.1093/sysbio/syu093
http://www.ncbi.nlm.nih.gov/pubmed/25432893
https://doi.org/10.1098/rstb.2015.0130
http://www.ncbi.nlm.nih.gov/pubmed/27325828
https://doi.org/10.1038/nature25794
http://www.ncbi.nlm.nih.gov/pubmed/29466335
https://doi.org/10.1016/j.tree.2013.09.007
https://doi.org/10.1016/j.tree.2013.09.007
http://www.ncbi.nlm.nih.gov/pubmed/24120478
https://doi.org/10.1111/j.1475-4983.2006.00615.x
https://doi.org/10.1111/j.1475-4983.2006.00615.x
https://doi.org/10.1016/j.tree.2007.06.013
http://www.ncbi.nlm.nih.gov/pubmed/17963995
https://doi.org/10.1093/sysbio/syp017
http://www.ncbi.nlm.nih.gov/pubmed/20525573
https://doi.org/10.1080/10635150390218330
http://www.ncbi.nlm.nih.gov/pubmed/12857643
https://doi.org/10.1093/sysbio/syr025
http://www.ncbi.nlm.nih.gov/pubmed/21447483
https://doi.org/10.1186/1471-2148-13-93
http://www.ncbi.nlm.nih.gov/pubmed/23627680
https://doi.org/10.1093/molbev/mss208
http://www.ncbi.nlm.nih.gov/pubmed/22930702
https://doi.org/10.1371/journal.pbio.3000494


163. Wiens JJ, Tiu J. Highly Incomplete Taxa Can Rescue Phylogenetic Analyses from the Negative
Impacts of Limited Taxon Sampling. PLoS ONE. 2012; 7: e42925. https://doi.org/10.1371/journal.
pone.0042925 PMID: 22900065

164. Meyer C, Kreft H, Guralnick R, JetzW. Global priorities for an effective information basis of biodiversity
distributions. Nat Commun. 2015; 6: 8221. https://doi.org/10.1038/ncomms9221 PMID: 26348291

165. Thomas GH, Hartmann K, Jetz W, Joy JB, Mimoto A, Mooers AO. PASTIS: an R package to facilitate
phylogenetic assembly with soft taxonomic inferences. Methods Ecol Evol. 2013; 4: 1011–1017.
https://doi.org/10.1111/2041-210X.12117
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