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A SURVEY OF CENOZOIC MAMMAL BARAMINS

C. Thompson, Core Academy of Science, P.O. Box 1076, Dayton, TN  37321, info@coresci.org
Todd Charles Wood, Core Academy of Science, P.O. Box 1076, Dayton, TN  37321, info@coresci.org

ABSTRACT
To expand the sample of statistical baraminology studies, we identified 80 datasets sampled from 29 mammalian orders, 
from which we performed 82 separate analyses.  We analyzed each dataset with standard statistical baraminology 
techniques: baraminic distance correlation (BDC) and multidimensional scaling (MDS).  We evaluated the BDC and 
MDS results from each character set for potential continuity and discontinuity.  We found evidence of holobaramins 
in 57 of the 82 analyses (69.5%).  Of the remaining character sets, three showed evidence of monobaramins and 22 
(26.8%) were inconclusive.  These results are consistent with previous efforts to test the discontinuity hypothesis, 
which found that a majority of character sets showed evidence of holobaramins.  Tentative holobaramins represent 
57 taxonomic groups, many of which have not been previously analyzed by statistical baraminology.  Together with 
previously identified holobaramins, this study increases the number of putative mammal holobaramins to 64.
KEY WORDS
baramin, created kind, baraminology, mammal, Cenozoic, post-Flood, baraminic distance correlation (BDC), 
multidimensional scaling (MDS)
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INTRODUCTION
The concept of the created kind—a group of modern species 
connected by common ancestry to a population created ex nihilo by 
God—has a long history in creationist thought.  Initially suggested 
before the publication of Darwin’s Origin by scholars such as 
Linnaeus and Herbert, creationists throughout the twentieth 
century have endorsed the created kind as a contrast to species 
fixity (Wood 2008a).  More recently, creationists have produced 
several large-scale estimates of mammalian created kinds (e.g., 
Wise 2009; Wood 2011; Lightner 2012).

Although there has been much written about created kinds, 
statistical baraminology is a comparatively underserved field of 
research.  Few created kinds have been established unequivocally 
using statistical studies, and even for those taxa which have been 
investigated, the datasets suitable for baraminological calculations 
and the reliability of the methods used have rarely been confirmed 
(Wood 2016a).  Some outstanding questions include:

• Are holobaramins marked by discontinuity with all other 
organisms, defined as “significant, holistic difference” (Wood 
et al. 2003)?

• Is discontinuity detectable by current statistical baraminology 
methods?

• What sorts of character or taxon samples are most suitable for 
statistical baraminology methods?

Previously, Wood (2009) evaluated a collection of 73 baraminology 
analyses to answer some of these questions.  Assuming that 
discontinuity would distinguish baramins approximately at the 
taxonomic level of family, he found 62% of analyses revealed 
discontinuity as predicted, although the fraction was not statistically 
significant.

This project focused on the mammals of the Cenozoic, more than 
doubling the number of previous statistical baraminology studies.  

Mammals are particularly interesting to creationists because of the 
numerous stratomorphic series like the famous horse series and 
because of their affinity to humans.  The primary purpose of this 
work is to provide a database of statistical baraminology studies for 
future meta-analyses to shed light on such pressing topics as post-
Flood diversification, microevolution and speciation, biological 
imperfection, endemism, and biogeography.  We here focus on 
the question of whether discontinuity distinguishes mammalian 
families from other similar families and secondarily on the question 
of what combination of characters and taxa yield successful 
baraminology studies.  These new analyses represent a large-scale 
first approximation of baramins from at least 79 mammal families.

MATERIALS AND METHODS
We collected character sets from the published literature identified 
using Google Scholar searches.  We selected matrices that primarily 
focused on a single family or collection of families.  We excluded 
redundant datasets on the same taxa and from the same author(s), 
and we used the most recent version available.  In deference to 
the baraminological emphasis on holistic similarity and difference, 
we preferred datasets that had more taxa, characters, or both.  
In three cases, the kangaroos (Macropodidae), the new world 
monkey family Cebidae, and the South American notoungulates 
Interatheriidae, two separate datasets were included for each, since 
in each case the character and taxon selections were sufficiently 
different to consider them separately.  We also excluded datasets of 
cetaceans and hominins, in anticipation of forthcoming and more 
detailed analyses than this simple overview.  Six character sets 
with members from multiple families (Ornithorhynchidae, Felidae, 
Plesiadapidae, Picrodontidae, Lemuridae, and Omomyidae) were 
subdivided to include only taxa from an ingroup family and the 
nearest outgroup clade, and these taxonomic subsets were examined 
individually rather than en masse.  For consistency, all selected 



datasets were organized and classified by family and order as listed 
in McKenna and Bell (1997), even when such classification may 
be out of date.

Prior to any analyses, all hypothetical ancestral taxa were 
removed from the datasets.  Baraminic distance correlation 
(BDC) and multidimensional scaling (MDS) were calculated 
using BDISTMDS (http://coresci.org/bdist.html).  For each 
baraminology analysis, we recorded the same diagnostic statistics 
as in Wood’s (2008b) previous survey of statistical baraminology 
studies.  Analyses were classified as holobaramin, monobaramin, 
or inconclusive based on evaluation of the statistical baraminology 
results.  Ideally, a holobaramin can be revealed by BDC showing 
significant, positive BDC between all members of the holobaramin 
and significant, negative BDC between the holobaramin members 
and all outgroup taxa.  In practice, this pattern rarely obtains.  
Alternative patterns include significant, positive BDC between 
ingroup and outgroup and significant, negative BDC between taxa 
that also share significant, positive BDC with the same third taxon.  
MDS aids in the interpretation of the BDC results by confirming 
clusters of taxa reflected in the BDC results or by revealing complex 
geometric shapes of taxa (e.g., lines, arcs, or tetrahedra) that cause 
uninterpretable BDC patterns.  Analyses that did not reveal clear 
clusters of taxa were classified as inconclusive.

RESULTS
We collected 80 character sets from the published literature, from 
which we performed 82 separate baraminology analyses.  The types 
of characters were most frequently craniodental (43.9%), followed 
by craniodental with postcranial (28.0%).  Only 11% included 
more types of characters (such as craniodental, postcranial, and soft 
tissue), and 9.8% consisted only of dental characters.  Given the 
emphasis on holistic analysis in baraminology (Wood et al. 2003), 
analyses that use more types of characters should be preferred to 
analyses that use fewer.  Especially tentative are any conclusions 
based solely on dental characters.

We discovered evidence of discontinuity around a holobaramin 
in 57 (69.5%) of the 82 analyses. Three additional analyses 
(3.7%) revealed evidence of continuity without discontinuity 
(monobaramins), and the remaining 22 analyses (26.8%) were 
classified as inconclusive.  A complete account of all results with 
references is included in the appendix.

Of the 57 analyses that revealed a putative holobaramin, 25 were 
based on craniodental characters (43.9%), 15 on craniodental 
and postcranial characters (26.3%), and 6 on dental characters 
only (10.5%) (see Table 1).  These fractions are not substantially 
different from the overall frequency of character types in the full set 
of 82 datasets.  Of the 22 analyses that were inconclusive, 11 were 
based on craniodental characters (50.0%), 7 on craniodental and 
postcranial characters (31.8%), and only two on dental characters 
only (9.1%).  Again, these fractions are not substantially different 
from the full set of datasets.

The number of taxa and characters used in the analyses that revealed 
holobaramins were not significantly different from those that 
resulted in inconclusive results (Table 2).  For the MDS analyses, 
the stress at three dimensions and the dimensions of minimum 
stress (kmin) also did not differ significantly between analyses that 

identified holobaramins when compared to those that did not.  In 
the BDC analyses, the median bootstrap value and the fraction 
of correlations with bootstrap values >90% (F90) were also not 
significantly different in BDC analyses that revealed holobaramins 
than in those that did not.

Based on the successful analyses, we identified 59 putative 
holobaramins, 49 of which corresponded to families, seven to 
subfamilies (or portions of families), two to superfamilies (or 
multiple families), and one (Sirenia) to an infraorder (Table 3).  
Our results reveal the first five Australian marsupial holobaramins 
identified by statistical baraminology: the extinct Palorchestidae, 
the rat kangaroos Hypsiprymnodontidae, the kangaroos 
Macropodidae, ringtail possums Pseudocheirinae, and the koalas 
Phascolarctidae.  Other notable holobaramins first identified here 
include the Ornithorhynchidae (platypus), the Mephitidae (skunks), 
and the Sirenia (manatees).

Ten of these groups had already been studied in baraminology 
analyses (Table 3).  Previously identified holobaramins confirmed 
by this study include Didelphidae (possums), Felidae (cats), 
Erinaceinae (hedgehogs), and Hippopotamidae (hippos). The 
Talpidae (moles) were previously inconclusive in Wood’s (2009) 
study, but here they are identified as a holobaramin.  The Ursidae 
(bears), Camelidae (camels), and Brontotheriidae were both 
previously identified as monobaramins (Wood 2016a), but here are 
recognized as holobaramins.  Our present results also recognize 
two holobaramins within the Cingulata: Dasypodidae and 
Glyptodontinae. Previously, Wood (2008b) tentatively proposed 
that the entire Cingulata might have been a holobaramin, but these 
results suggest otherwise.

DISCUSSION
Our results substantially expand the available database of 
baraminology studies.  Wood (2016a) previously identified 70 
holobaramins identified in studies of 153 taxonomic groups.  Our 
results expand the total number of taxonomic groups studied 
to 215 with 125 putative holobaramins identified.  Within the 
non-hominin, non-cetacean mammals, we expand the putative 
holobaramins from 10 to 64.  This remains far fewer than the 
total number of proposed mammal baramins.  Assuming that 
the taxonomic family is roughly equivalent to the holobaramin, 
McKenna and Bell (1997) list 347 mammal families, of which 64 
putative holobaramins is only 18.4%.

Our results agree closely with the mammal ark kind estimations 
of Lightner (2012).  Lightner lists only extant mammals, of 
which 30 of our holobaramins overlap taxonomically with 30 
of her ark kinds.  In 28 cases, our holobaramin matches roughly 
equivalently with her ark kinds, but in three cases, they differ.  Our 
analysis of lemurs identified Indriidae and Palaeopropithecidae 
as a holobaramin, but Lightner recognized only Indriidae.  This 
could be merely a result of Lightner’s exclusion of extinct taxa.  
In the other two cases, we found holobaramins that appeared to be 
taxonomically more restricted than Lightner’s ark kinds.  First, our 
study of the pigs, Suidae, identified the family as the holobaramin 
with putative discontinuity observed between the suids and the 
peccaries (Tayassuidae).  In contrast, Lightner included both 
pigs and peccaries in a single ark kind.  Lightner also included 
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three genera (Cyclopes, Myrmecophaga, and Tamandua) from 
two families in the anteater kind Vermilingua, but our results 
support only Myrmecophaga and Tamandua in holobaramin 
Myrmecophaginae.  These results will need further evaluation in 
future studies to clarify these differences.
Wise’s (2009) estimation of mammalian ark kinds differs 
substantially from all others in the creationist literature.  His 
estimates are based on the Post-Flood Continuity Criterion (PFCC), 
which in turn is based on the proposal that an ark kind should 
leave a continuous fossil record from the Flood to the present.  His 
minimal estimate places a large number of species into as few as 
97 ark kinds, and his maximal estimate places fewer species into as 
many as 234 ark kinds.  Not surprisingly, our putative holobaramins 
do not match his estimated ark kinds (Table 3).  Instead, we find 
tentative evidence of discontinuity within 33 of his minimal ark 
kinds and 18 of his maximal ark kinds.  Sixteen of our putative 
holobaramins match closely sixteen of Wise’s maximal ark kinds.  
Resolving the discrepancy between Wise’s results and ours will 
require assessments of the completeness of the post-Flood fossil 
record as well as further evaluations of our baraminology results.
Our results should also help creationists evaluate baraminology 
methods, which have recently come under scrutiny (Wood 2016b; 
O’Micks 2016; Wood 2017; O’Micks 2017).  Previously, Wood’s 
(2009) survey of 73 statistical baraminology studies examined 
taxon samples that should have revealed discontinuity as well as 
those that should not (such as within a single genus).  Wood found 
that 61.6% of the studies were “successful” in either revealing or 

not revealing predicted discontinuity.  Our survey differs in that 
we focused exclusively on datasets that should have revealed 
discontinuity around a taxonomic family, but we found 69.5% of 
studies revealed evidence of the expected discontinuity.  This is an 
improvement from the previous survey, and the question remains: 
Why do some datasets reveal evidence of discontinuity while 
others do not?

We attempted to determine what sort of feature of the datasets 
might correlate or predict successful discontinuity detection by 
examining the number of taxa and characters, the stress and kmin 
of the MDS, and the median bootstrap value and F90 of the BDC 
results, but we found no significant correlations, as in previous 
studies.  Future studies will definitely want to examine these results 
more closely to determine the type of dataset best suited to these 
studies.

Future studies should more closely evaluate individual taxonomic 
groups named herein, especially those where discrepancies 
between different studies are noted.  The current best practice in 
statistical baraminology is to use multiple holistic character sets 
compiled from different sources to evaluate the baraminology 
of a single group, as in hominin baraminology (e.g., see Wood 
2016c; 2017).  Some of our studies add to baraminology studies of 
previous groups, while most provide only a first approximation of 
a group’s baraminology.  Nevertheless, the present results provide 
an important advance in baraminology work and in the study of 
mammalian created kinds.
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Character 
type

Frequency 
in all 

datasets

Percentage 
in all 

datasets

Frequency 
in 

holobaramin 
datasets

Percentage in 
holobaramin 

datasets

Frequency in 
inconclusive 

datasets

Percentage 
in 

inconclusive 
datasets

Craniodental 36 43.9% 25 43.9% 11 50.0%
Craniodental + 

postcranial 23 28.0% 15 26.3% 7 31.8%

Dental 8 9.8% 6 10.5% 2 9.1%
>3 types 9 11.0% 6 10.5% 1 4.5%
Cranial + 

postcranial 4 4.9% 4 7.0% 0 0.0%

Dental + 
postcranial 1 1.2% 0 0.0% 1 4.5%

Cranial 1 1.2% 1 1.8% 0 0.0%

Table 1.  Character types in the datasets used in this study.  “Holobaramin datasets” refer to datasets in which a putative holobaramin was identified, 
and “Inconclusive datasets” are datasets which produced inconclusive BDC and MDS results.

Table 2.  Comparison of results between datasets for which a holobaramin was identified and datasets which produced inconclusive results.  Welch’s 
unequal variance t-test was used to compare the holobaramin and inconclusive datasets.

Holobaramin dataset 
mean

Inconclusive dataset 
mean Welch’s t P-value

Taxa in analysis 21.9 26.6 -1.08 0.2915
Characters in analysis 71.4 66.1 0.38 0.7029

3D stress 0.16 0.17 -0.45 0.6528
kmin 6.2 6.0 0.19 0.8473

Median bootstrap 86.1 82.0 1.80 0.0800
F90 0.44 0.34 1.98 0.0537
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Order Holobaramin Rank Previous Baraminology Lightner’s Ark Kinds Wise’s Minimal Ark Kinds Wise’s Maximal Ark Kinds
Platypoda Ornithorhynchidae Family Ornithorhynchidae Prototheria Ornithorhynchidae

Diprotodontia Palorchestidae Family Australidelphia Australidelphia
Diprotodontia Thylacoleonidae Family Australidelphia Australidelphia
Diprotodontia Hypsiprymnodontidae Family Hypsiprymnodontidae Australidelphia Australidelphia
Diprotodontia Macropodidae Family Macropodidae Australidelphia Australidelphia
Diprotodontia Pseudocheirinae Subfamily Pseudocheiridae Australidelphia Australidelphia
Diprotodontia Phascolarctidae Family Phascolarctidae Australidelphia Australidelphia

Didelphimorphia Didelphidae Family HB Didelphidae Didelphidae Didelphimorphia Didelphidae
Sparassodonta Hathliacynidae Family Sparassodonta Sparassodonta

Cingulata Dasypodidae Family HB Cingulata Dasypodidae Xenarthra Dasypodidae
Cingulata Glyptodontinae Subfamily HB Cingulata Xenarthra

Pilosa Myrmecophaginae Subfamily Vermilingua Xenarthra Xenarthra
Leptictida Pseudorhynchocyonidae Family Lepticida Leptictidae
Rodentia Castoridae Family Castoridae Castorimorpha Castorimorpha
Rodentia Anomaluridae Family Anomaluridae See Wise (2009) p. 151 for comments on Anomaluromorpha
Rodentia Caviidae Family Caviidae See Wise (2009) p. 151 for comments on Hystricognatha
Pholidota Manidae Family Manidae Pholidota Manidae
Carnivora Felidae Family HB Felidae Felidae Feliformia Feliformia
Carnivora Felidae Family HB Felidae Felidae Feliformia Feliformia
Carnivora Ursidae Family MB Ursidae Ursidae Caniformia Caniformia
Carnivora Otariidae Family Caniformia Caniformia
Carnivora Odobenidae Family Caniformia Caniformia
Carnivora Mustelidae Family Mustelidae Caniformia Caniformia
Carnivora Mephitidae Family Mephitidae Caniformia Caniformia

Chrysochloridea Chrysochloridae Family Chrysochloridae See Wise (2009) p. 154 for comments on Chrysochloroidea
Erinaceomorpha Erinaceinae Subfamily HB Erinaceinae Erinaceinae Erinaceomorpha Erinaceidae
Erinaceomorpha Galericinae Subfamily Galericinae Erinaceomorpha Erinaceidae
Erinaceomorpha Talpidae Family ? Talpidae Talpidae Erinaceomorpha Erinaceomorpha

Soricomorpha Nyctitheriidae Family Soricomorpha Nyctitheriidae
Soricomorpha Soricidae Family Soricidae Soricomorpha Soriocoidea

Chiroptera Rhinolophidae Family Rhinolophidae Chiroptera Yinochiroptera
Primates Picrodontidae Family Picrodontidae Picrodontidae
Primates Plesiadapidae Family Plesiadapidae Plesiadapidae
Primates Lemuridae Family Lemuridae Strepsirrhini Lemuroidea
Primates Indriidae + Palaeopropithecidae Superfamily Indriidae Strepsirrhini Lemuroidea
Primates Lepilemuridae Family Lepilemuridae Strepsirrhini Lemuroidea
Primates Cheirogaleidae Family Cheirogaleidae Strepsirrhini Lemuroidea
Primates Carpolestidae Family Carpolestoidea Carpolestidae
Primates Omomyidae Family Tarsioidea Omomyidae
Primates Callitrichidae Family Anthropoidea Anthropoidea

Condylarthra Didolodontidae Family Didolodontidae Didolodontidae
Artiodactyla Suidae Family Suoidea See Wise (2009) p. 157 for comments on Suoidea
Artiodactyla Hippopotamidae Family HB Hippopotamidae See Wise (2009) p. 157 for comments on Suoidea
Artiodactyla Camelidae Family MB Camelidae Camelidae Cameloidea Camelidae

Notoungulata Leontiniidae Family Toxodontia Toxodontia
Notoungulata Toxodontidae Family Toxodontia Toxodontia
Notoungulata Interatheriidae Family Typotheria Interatheriidae
Notoungulata Hegetotheriidae Family Hegetotheria Hegetotheria
Astrapotheria Astrapotheriidae Family Astrapotheria Astrapotheriidae
Xenoungulata Carodniidae Family Xenungulata Carodniidae
Perissodactyla Palaeotheriinae s. l. Subfamily Hippomorpha Palaeotheriidae
Perissodactyla Brontotheriidae Family MB Brontotheriidae Brontotherioidea Brontotheriidae
Perissodactyla Chalicotherioidea Superfamily Chalicotherioidea Chalicotherioidea
Perissodactyla Lophiodontinae Subfamily Tapiroidea Lophiodontidae

Uranotheria Sirenia Infraorder Sirenia Sirenia
Uranotheria Desmostylidae Family Behemota Behemota
Hyracoidea Procaviidae Family Procaviidae Hyracoidea Hyracoidea
Proboscidea Gomphotheriidae Family Behemota Behemota
Proboscidea Elephantidae Family Elephantidae Behemota Behemota

Table 3.  List of putative holobaramins identified in this study and comparable Ark kinds recognized by Lightner (2012) and Wise (2009).  Also listed 
are previous baraminology studies recorded in Wood (2016a).  HB = holobaramin; MB = monobaramin.
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Appendix.  BDC and MDS analyses of 

Cenozoic Mammalia

This appendix contains the results of all 82 BDC and MDS analyses.  All baraminology analyses were 

conducted in BDISTMDS (coresci.org/bdistmds.html). For all Multidimensional Scaling (MDS) 

illustrations, outgroup taxa are shown in red and ingroup taxa in blue, unless otherwise indicated. Statistics 

for Baraminic Distance Correlation (BDC) and MDS are summarized in a table, as in Wood’s (2008) 

“Animal and Plant Baramins.” As in Wood (2008), F90 is the fraction of taxon pairs having bootstrap values 

>90%, and kmin is the MDS dimensionality at which the minimum stress is observed. A conclusion is also

included in the table (HB = holobaramin, HB? = provisional holobaramin, MB = monobaramin, and Inc =

inconclusive). The conclusion is briefly explained for each data set. The taxa are classified and ordered as in

McKenna and Bell (1997).  An index of the mammal taxa is provided below, page numbers are indicated at

the bottom right of each page.

Anomaluridae 23

Anthracotheriidae 62

Aplodontidae 20

Astrapotheriidae 72

Barbourofelinae 32

Brontotheriidae 75

Caenolestidae 12

Camelidae 63

Carodniidae 73

Carpolestidae 52

Castoridae 21

Caviidae 24

Cebidae 54

Cebidae 55

Cervidae 65

Chalicotheriidae 76

Chrysochloridae 39

Cricetidae 22

Dasypodidae 14

Desmostylidae 80

Didelphidae 11

Didolodontidae 59

Echimyidae 26

Elephantidae 83

Erinaceidae 40

Felidae 30

Felidae 31

Glyptodontidae 15

Gomphotheriidae 82

Hathliacynidae 13

Hegetotheriidae 71

Hippopotamidae 61

Hyaenodontidae 29

Hyopsodontidae 58

Hypsiprymnodontidae 6

Interatheriidae 69

Interatheriidae 70

Lemuridae 49

Leontiniidae 67

Lepilemuridae 50

Leporidae 19

Lophiodontidae 78

Loridae 51

Louisinidae 57

Macropodidae 7

Macropodidae 8

Manidae 28

Mephitidae 37

Mormoopidae 45

Moschidae 64

Mustelidae 36

Myrmecophagidae 16

Notohippidae 66

Nyctitheriidae 42

Ochotonidae 18

Octodontidae 25

Odobenidae 35

Omomyidae 53

Ornithorhynchidae 2

Orycteropodidae 56

Otariidae 34

Palaeoryctidae 27

Palaeotheriidae 74

Palorchestidae 4

Peramelidae 3

Phascolarctidae 10

Phyllostomidae 46

Picrodontidae 47

Plesiadapidae 48

Procaviidae 81

Procyonidae 38

Pseudocheirinae 9

Pseudorhynchocyonidae 17

Rhinocerotidae 77

Rhinolophidae 44

Sirenia 79

Soricidae 43

Suidae 60

Talpidae 41

Thylacoleonidae 5

Toxodontidae 68

Ursidae 33

A1



Hadrocodium

Tachyglossus

Obdurodon

Ornithorhynchus

Steropodon

Teinolophos

Rowe, T., T.H. Rich, P. Vickers-Rich, M. Springer, and M.O. Woodburne. 2008. The oldest platypus and its bearing 

on divergence timing of the platypus and echidna clades. Proceedings of the National Academy of Sciences USA 

105:1238-1242.

Characters: Craniodental and postcranial

Order Platypoda 

Family Ornithorhynchidae 

Published taxa 6 

Published characters 390 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 6 

Characters used for calculations 50 

Median bootstrap value 91 

F90 0.53 

Stress of 3D MDS 0.15 

kmin 2 

Conclusion HB? 

Notes: Character set has been reduced to just Monotremata from the published dataset.  BDC results have 

poor bootstrap values, and MDS reveals a disperse cloud of taxa. Nevertheless, ornithorhynchids share 

significant, positive BDC,  and are noticeably separated from outgroup taxa in MDS. We may 

provisionally accept holobaramin Ornithorhynchidae.
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Antechinus stuartii
Phascogale tapoatafa

Dasyuroides byrnei
Sminthopsis macroura

Dasyurus hallucatus
Barinya wangala

Mutpuracinus archibaldi

Djarthia murgonensis
Bulungu palara

cf. Peroryctes tedfordi
Microperoryctes longicauda

Microperoryctes papuensis
Echymipera clara

Echymipera davidi
Echymipera kalubu

Echymipera rufescens

Rhynchomeles prattorum
Peroryctes raffrayana
Peroryctes broadbenti

Galadi amplus
Galadi speciosus

Galadi grandis

Yarala burchfieldi
Yarala kida

Chaeropus ecaudatus
Perameles bougainville

Perameles eremiana
Perameles sobbei

Perameles nasuta
Perameles gunnii

Isoodon auratus
Isoodon obesulus

Isoodon macrourus

Macrotus lagotis
Macrotus leucura

Travouillon, K.J., S.J. Hand, M. Archer, and K.H. Black. 2014. Earliest modern bandicoot and bilby (Marsupialia, 

Peramelidae, and Thylacomyidae) from the Miocene of the Riversleigh World Heritage Area, Northwestern 

Queensland, Australia. Journal of Vertebrate Paleontology 34:375-382.

Characters: Craniodental

Order Peramelia 

Family Peramelidae 

Published taxa 42 

Published characters 156 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 35 

Characters used for calculations 140 

Median bootstrap value 91 

F90 0.52 

Stress of 3D MDS 0.26 

kmin 12 

Conclusion Inc 

Notes: Three groups appear in both BDC and MDS: one with only peramelids, one with only outgroup 

taxa, and one with both. BDC and  MDS do not support a clear holobaramin, even provisionally.
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Red: outgroup

Green: Diprotodontidae

Blue: Palorchestidae

Alkwertatherium webbi

Ngapakaldia bonythoni

Ngapakaldia tedfordi

Pitikantia dailyi

Pyramios alcootensis

Namilamadeta albivenator

Vombatus ursinus

Diprotodon optatum

Euowenia grata

Meniscolophus mawsoni

Euryzygoma dunense

Hulitherium tomasetti

Zygomaturus trilobus

Maokopia ronaldi

Kolopsis rotundus

Kolopsoides cultridens

Kolopsis torus

Kolopsis yperus

Neohelos gadiyanga

Neohelos tirarensis

Neohelos gingari

Neohelos stirtoni

Plaisiodon centralis

Nimbadon lavarackorum

Silvabestius johnnilandi

Silvabestius michaelbirti

Palorchestes azael

Palorchestes parvus

Palorchestes pickeringi

Palorchestes painei

Pr. novaculacephalus

Pr. ponticulus

Black, K. 2008. Diversity, Phylogeny and biostratigraphy of Diprotodontoids (Marsupialia: Diprotodontidae, 

Palorchestidae) from the Riversleigh World Heritage Area. Ph.D. Dissertation. Sydney, Australia: University of 

New South Wales.

Characters: Craniodental

Order Diprotodontia 

Family Palorchestidae 

Published taxa 35 

Published characters 77 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 32 

Characters used for calculations 57 

Median bootstrap value 79 

F90 0.39 

Stress of 3D MDS 0.1 

kmin 4 

Conclusion HB 

Notes: This character set is taken from chapter ten of Black’s dissertation. BDC appears to support clear 

separation of palorchestids from outgroup taxa, except for Vombatus ursinus, which is correlated 

positively with two palorchestids (but with low bootstrap values). The MDS definitely supports an 

inference of discontinuity between Palorchestidae and the outgroup taxa. Palorchestidae is probably a 

holobaramin. A4



Caudipilosus

Trichosurus

Litokoala

Nimiokoala

Echymipera

Thylacoleo carnifex

Thylacoleo crassidentatus

Wakaleo hilmeri

Wakaleo oldfieldi

Wakaleo vanderleueri

Wakaleo sp. cf. hilmeri

Lekaneleo roskellyae

Gillespie, A.K. 2007. Diversity and systematics of marsupial lions from the Riversleigh World Heritage Area and 

the evolution of the Thylacoleonidae. Ph.D. Dissertation. Sydney, Australia: University of New South Wales.

Characters: Craniodental

Order Diprotodontia 

Family Thylacoleonidae 

Published taxa 17 

Published characters 72 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 12 

Characters used for calculations 51 

Median bootstrap value 89 

F90 0.47 

Stress of 3D MDS 0.12 

kmin 6 

Conclusion HB? 

Notes: This dataset comes from chapter 11 of Gillespie’s dissertation. The BDC shows what appear to be 

four groups of thylacoleonids all negatively correlated with the outgroup taxa but with little evidence of 

positive correlation with each other. The MDS reveals an arc of thylacoleonid taxa surrounding a tight 

cluster of outgroup taxa. The curvilinear distribution of thylacoleonid taxa might account for the poor 

intrafamilial BDC results. Hence we may provisionally accept Thylacoleonidae as a holobaramin.
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Bulungamaya delicata

Ganguroo bilamina

Red: outgroup

Green: Macropodidae

Blue: Hypsiprymnodontidae

Hadronomas puckridgi

Balbaroo fangaroo

Nambaroo gillespieae

Ekaltadeta ima

Hypsiprymnodon moschatus

Trichosurus vulpecula

Bettongia penicillata

Potorous tridactylus

Bulungamaya delicata

Ganguroo bilamina

Dendrolagus lumholtzi

Dorcopsis muelleri

Thylogale thetis

Macropus rufus

Petrogale penicillata

Wallabia bicolor

Dorcopsoides fossilis

Hadronomas puckridgi

Rhizosthenurus flanneryi

Procoptodon goliah

Simosthenurus occidentalis

Bates, H., K.J. Travouillon, B. Cooke, R.M.D. Beck, S.J. Hand, and M. Archer. 2014. Three new Miocene species 

of musky rat-kangaroos (Hypsiprymnodontidae, Macropodoidea): description, phylogenetics, and 

paleoecology. Journal of Vertebrate Paleontology 34:383-396.

Characters: Craniodental

Order Diprotodontia 

Family Hypsiprymnodontidae 

Published taxa 33 

Published characters 107 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 20 

Characters used for calculations 93 

Median bootstrap value 84 

F90 0.36 

Stress of 3D MDS 0.12 

kmin 5 

Conclusion HB 

Notes: MDS reveals a disperse cluster of ingroup taxa, but BDC supports recognizing a discontinuity 

between ingroup and outgroup. There is only one taxon pair with significant, positive BDC between the 

Macropodidae and Hypsiprymnodontidae: Rhizosthenurus flanneryi and Bulungamaya delicata 

respectively.  Since the bootstrap value for that correlation is only 79% and the MDS reveals that 

Bulungamaya is an outlier from the hypsiprymnodontids and not adjacent to the macropodids, we may 

consider that correlation spurious.  Hypsiprymnodontidae is probably a holobaramin. A6



Baringa_nelsonensis

Onychogalea_unguifera

Macropus_eugenii

Macropus_fuliginosus

Macropus_obustus

Lagorchestes_conspicillatus

Lagorchestes_hirsutus

Wallabia_bicolor

Petrogale_brachyotis

Prionotemnus_palankarinnicus

Thylogale_billardierii

Setonix_brachyurus

Protemnodon_anak

Dorcopsis_veterum

Dorcopsulus_vanheurni

Dorcopsoides_fossilis

Bohra_illuminata

Dendrolagus_bennettianus

Dendrolagus_matschiei

Lagostrophus_fasciatus

Troposodon_minor

Bettongia_penicillata

Potorous_tridactylus

Hypsiprymnodon_moschatus

Ngamaroo_archeri

Hadronomas_puckridgi

Wanburoo_hilarus

Procoptodon_goliah

Simosthenurus_occidentalis

Sthenurus_andersoni

Prideaux, G.J. and R.H. Tedford. 2012. Tjukuru wellsi, gen. et sp. nov., a lagostrophine kangaroo (Diprotodontia, 

Macropodidae) from the Pliocene (Tirarian) of northern South Australia. Journal of Vertebrate Paleontology

32:717-721.

Characters: Craniodental and postcranial

Order Diprotodontia 

Family Macropodidae 

Published taxa 36 

Published characters 83 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 30 

Characters used for calculations 80 

Median bootstrap value 81 

F90 0.34 

Stress of 3D MDS 0.18 

kmin 6 

Conclusion HB? 

Notes: The outgroup indicated in the MDS results is only the hypsiprymnodontid Hypsiprymnodon 

moschatus. Other non-macropodid taxa include the potoroids Bettongia and Potorous. 

The BDC results indicate a clear separation between macropodids and the three outgroup taxa. Also, BDC 

shows positive BDC between stem macropodoid Ngamaroo and the outgroup taxa and negative BDC 

between Ngamaroo and the ingroup. Macropodoid Wanburoo appears to correlate with the outgroup and 

ingroup taxa, but the MDS results reveal that Wanburoo is not actually part of the outgroup cluster. 

Instead, it appears to be part of the Macropodidae holobaramin.

Wanburoo hilarus
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Balbaroo_fangaroo

Nambaroo_gillespieae

Ekaltadeta_ima

Hypsiprymnodon_moschatus

Potorous_tridactylus

Trichosurus_vulpecula

Bulungamaya_delicata

Ganguroo_bilamina

Dendrolagus_lumholtzi

Dorcopsis_muelleri

Thylogale_thetis

Macropus_rufus

Walabia_bicolour

Petrogale_pennicillata

Dorcopsoides_fossilis

Hadronomas_puckridgi

Procoptodon_goliah

Simosthenurus_occidentalis

Kear, B.P., B.N. Cooke, M. Archer, and T.F. Flannery. 2007. Implications of a new species of the Oligo-Miocene 

kangaroo (Marsupialia: Macropodoidea) Nambaroo, from the Riversleigh World Heritage Area, Queensland, 

Australia. Journal of Paleontology 81:1147-1167.

Characters: Craniodental and postcranial

Order Diprotodontia 

Family Macropodidae 

Published taxa 25 

Published characters 104 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 18 

Characters used for calculations 85 

Median bootstrap value 83 

F90 0.34 

Stress of 3D MDS 0.15 

kmin 6 

Conclusion HB 

Notes: This second macropodid dataset is included because it contains fewer taxa than the previous 

Prideaux and Tedford dataset but more characters. In this case, the outgroups and macropodids are 

definitely separated in both BDC and MDS results, supporting the inference that Macropodidae is a 

holobaramin. 
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Hemibelideus lemuroides

Petauroides volans

Pseudochirulus canescens

Pseudochirulus caroli

Pseudochirulus forbesi

Pseudochirulus mayeri

Pseudochirulus herbertensis

Pseudocheirus peregrinus

Marlu

Parjara

Pildra

Pseudochirops albertisii

Pseudochirops archeri

Pseudochirops cupreus

Pseudochirops corinnae

Petropseudes dahli

Springer, M.S. 1993. Phylogeny and rates of character evolution among ringtail possums (Pseudocheiridae, 

Marsupialia). Australian Journal of Zoology 41:273-291.

Characters: Craniodental

Order Diprotodontia 

Family Pseudocheiridae 

Published taxa 16 

Published characters 56 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 16 

Characters used for calculations 56 

Median bootstrap value 87.5 

F90 0.46 

Stress of 3D MDS 0.04 

kmin 4 

Conclusion HB 

Notes: Two holobaramins: Subfamily Pseudochiropinae + Petropseudes, and all other taxa. 

Subfamily Pseudochiropinae

Petropseudes
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Cercartetus lepidus

Priscileo roskellyae

Galadi speciosus

Kuterintja ngama

Namilamadeta albivenator

Vombatus ursinus

Warendja wakefieldi

Ngapakaldia tedfordi

Nimbadon lavarackorum

Propalorchestes novaculacephalus

Litokoala kutjamarpensis

Phascolarctos cinereus

Nimiokoala greystanesi

Madakoala devisi

Perikoala robusta

Black, K.H., M. Archer, and S.J. Hand. 2012. New Tertiary koala (Marsupialia, Phascolarctidae) from Riversleigh, 

Australia, with a revision of phascolarctid phylogenetics, paleoecology, and paleobiodiversity. Journal of 

Vertebrate Paleontology 32:125-138.

Characters: Craniodental

Order Diprotodontia 

Family Phascolarctidae 

Published taxa 19 

Published characters 71 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 15 

Characters used for calculations 50 

Median bootstrap value 86 

F90 0.38 

Stress of 3D MDS 0.1 

kmin 6 

Conclusion HB 

Notes: Phascolarctidae is a holobaramin. 
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Caenolestes_fuliginosus
Rhyncholestes_raphanurus

Echymipera_kalubu
Perameles_gunnii

Caluromys_lanatus

Caluromys_philander
Caluromysiops_irrupta

Chacodelphys_formosa
Lestodelphys_halli

Thylamys_macrurus

Thylamys_pusillus
Thylamys_venustus

Thylamys_pallidior

Cryptonanus_chacoensis
Cryptonanus_unduaviensis
Gracilinanus_aceramarcae

Gracilinanus_agilis
Gracilinanus_microtarsus

Gracilinanus_emiliae

Marmosops_impavidus
Marmosops_noctivagus

Marmosops_incanus
Marmosops_parvidens

Marmosops_pinheiroi

Marmosa_lepida
Marmosa_murina

Micoureus_demerarae

Micoureus_regina
Micoureus_paraguayanus

Marmosa_mexicana

Marmosa_robinsoni
Tlacuatzin_canescens

Marmosa_rubra
Glironia_venusta

Hyladelphys_kalinowskii

Metachirus_nudicaudatus
Monodelphis_brevicaudata

Monodelphis_emiliae

Monodelphis_peruviana
Monodelphis_theresa
Chironectes_minimus

Didelphis_albiventris
Didelphis_virginiana

Didelphis_marsupialis

Philander_frenata
Philander_mcilhennyi

Philander_opossum
Lutreolina_crassicaudata

Dromiciops_gliroides

Murexia_longicaudata
Sminthopsis_crassicaudata

Voss, R.S. and S.A. Jansa. 2009. Phylogenetic relationships and classification of didelphid marsupials, an extant 

radiation of New World metatherian mammals. Bulletin of the American Museum of Natural History 322:1-177.

Characters: External morphology, craniodental, karyotype

Order Didelphimorphia 

Family Didelphidae 

Published taxa 51 

Published characters 129 

Character relevance 0.95 

Taxic relevance 0 

Taxa used for calculations 51 

Characters used for calculations 115 

Median bootstrap value 97 

F90 0.61 

Stress of 3D MDS 0.21 

kmin 8 

Conclusion HB? 

Notes: BDC supports inference of discontinuity between two groups:  1. Peramelidae + Caenolestidae and 

2. Didelphidae + Microbiotheriidae + Dasyuridae. MDS supports including microbiotheriid Dromiciops

in Didelphidae, but dasyurids are more distant. Either Didelphidae + Dromiciops or Didelphidae +

Dromiciops + Dasyuridae is a holobaramin.

Blue: Didelphidae

Yellow: Microbiotheriidae

Green: Dasyuridae

Red: Peramelidae

Black: Caenolestidae

Dromiciops
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Caenolestes_caniventer

Caenolestes_sangay

Caenolestes_condorensis

Caenolestes_fuliginosus

Caenolestes_convelatus

Lestoros_inca

Rhyncholestes_raphanurus

Metachirus_nudicaudatus

Monodelphis_domestica

Ojala-Barbour, R., C.M. Pinto, M.J. Brito V.L. Albuja T.E. Lee Jr, and B.D. Patterson. 2013. A new species of 

shrew-opossum (Paucituberculata: Caenolestidae) with a phylogeny of extant caenolestids. Journal of 

Mammalogy 94:967-982.

Characters: External morphology, craniodental

Order Paucituberculata 

Family Caenolestidae 

Published taxa 9 

Published characters 33 

Character relevance 0.95 

Taxic relevance 0 

Taxa used for calculations 9 

Characters used for calculations 33 

Median bootstrap value 94 

F90 0.56 

Stress of 3D MDS 0.08 

kmin 5 

Conclusion MB 

Notes: BDC correlations between Caenolestes species suggests that at minimum, Caenolestes is a 

monobaramin. There is no evidence that would suggest continuity between the three caenolestid genera or 

discontinuity of any kind.

Lestoros

Rhyncholestes
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Acyon

Cladosictis

Notogale

Sipalocyon

Sallacyon

Lycopsis

Arctodictis

Borhyaena

Prothylacynus

Mayulestes

Forasiepi, A.M., M.R. Sánchez-Villagra, F.J. Goin, M. Takai, N. Shigehara, and R.F. Kay. 2006. A new species of 

Hathliacynidae (Metatheria, Sparassodonta) from the middle Miocene of Quebrada Honda, Bolivia. Journal of 

Vertebrate Paleontology 26:670-684.

Characters: Craniodental

Red: outgroup

Green: Borhyaenidae

Blue: Hathliacynidae

Order Sparassodonta 

Family Hathliacynidae 

Published taxa 10 

Published characters 47 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 10 

Characters used for calculations 39 

Median bootstrap value 89 

F90 0.4 

Stress of 3D MDS 0.08 

kmin 3 

Conclusion HB? 

Notes: Hathliacynidae + Lycopsis could be a holobaramin; evidence of discontinuity has poor bootstrap 

values.
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Bradypus

Paramylodon

Cabassous

Priodontes_maximus

Dasypus_novemcinctus

Tolypeutes_matacus

Stegotherium

Calyptophractus_retusus

Eutatus

Macroeuphractus

Proeuphractus

Proeutatus

Prozaedyus

Zaedyus_pichiy

Euphractus_sexcinctus

Propalaeohoplophorus

Vassallia

Peltephilus

Chaetophractus_vellerosus

Herrera, C.M., J.E. Powell, G.I. Esteban, and C. del Papa. 2017. A new Eocene dasypodid with caniniforms

(Mammalia, Xenarthra, Cingulata) from northwest Argentina. Journal of Mammalian Evolution 24:275-288.

Characters: Craniodental and postcranial

Order Cingulata 

Family Dasypodidae 

Published taxa 22 

Published characters 144 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 19 

Characters used for calculations 106 

Median bootstrap value 94 

F90 0.58 

Stress of 3D MDS 0.29 

kmin 11 

Conclusion HB 

Notes: Significant, negative BDC between two outgroup taxa and the ingroup taxa is widespread but has 

poor bootstrap values.  Chlamyphorid Peltephilus clusters with the dasypodids in both BDC and MDS 

results. Dasypodidae + Peltephilus are a holobaramin. Dasypodid Chaetophractis appears to be separate 

from the holobaramin. A14



Boreostemma_acostae

Boreostemma_venezolensis

Glyptodon_munizi

Glyptodon_reticulatus

Paraglyptodon_uquiensis

Glyptotherium_arizonae

Glyptotherium_cylindricum

Glyptotherium_mexicanum

Glyptotherium_texanum

Cochlops_muricatus

Eucinepeltus_petesatus

Propalaehoplophorus_australis

Neosclerocalyptus_paskoensis

Pseudoplohophorus_absolutus

Hoplophorus_euphractus

Panochthus_tuberculatus

Doedicurus_clavicaudatus

Pampatherium_humboldtii

Zurita, A.E., L.R.G. Ruiz, A.J. Gómez-Cruz, and J.E. Arenas-Mosquera. 2013. The most complete known Neogene 

Glyptodontidae (Mammalia, Xenarthra, Cingulata) from northern South America: taxonomic, paleobiogeographic, 

and phylogenetic implications. Journal of Vertebrate Paleontology 33:696-708.

Characters: Cranial and postcranial

Order Cingulata 

Family Glyptodontidae 

Published taxa 18 

Published characters 26 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 18 

Characters used for calculations 23 

Median bootstrap value 75 

F90 0.31 

Stress of 3D MDS 0.13 

kmin 4 

Conclusion HB 

Notes: Subfamily Glyptodontinae is well-separated in both BDC and MDS analyses. Glyptodontinae is 

probably a holobaramin.
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Bradypus

Cyclopes

Dasypus

Euphractus

Metacheiromys

Eurotamandua

Manis

Myrmecophaga

Neotamandua

Tamandua

Protamandua

Gaudin, T.J. and D.G. Branham. 1998. The phylogeny of the Myrmecophagidae (Mammalia, Xenarthra, 

Vermilingua) and the relationship of Eurotamandua to the Vermilingua. Journal of Mammalian Evolution 5:237-

265.

Characters: Cranial and postcranial

Order Pilosa 

Family Myrmecophagidae 

Published taxa 12 

Published characters 107 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 11 

Characters used for calculations 88 

Median bootstrap value 92 

F90 0.58 

Stress of 3D MDS 0.13 

kmin 6 

Conclusion HB? 

Notes: Both the MDS and BDC results appear to show a separation between the subfamily 

Myrmecophaginae (Myrmecophaga, Neotamandua, Tamandua, Protamandua) and all other taxa. 

Myrmecophaginae appears to be a holobaramin.

Myrmecophaginae
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Alocodont

Amelotabes

Myrmecoboid

Aphronorus

P_puercens

P_tauricin

Palaeictops

Escavadodon

Bessoecetor

Palaeosinopa

Coriphagus

Diaphyodect

F_lavocati

F_lawsoni

Ph_levei

Pseudorhync

L_listeri

L_storchi

L_nasutum

L_prouti

Hooker, J.J. 2013. Origin and evolution of the Pseudorhynchocyonidae, a European Paleogene family of 

insectivorous placental mammals. Palaeontology 56:807-835.

Characters: Craniodental

Order Leptictida 

Family Pseudorhynchocyonidae 

Published taxa 21 

Published characters 56 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 21 

Characters used for calculations 38 

Median bootstrap value 78 

F90 0.12 

Stress of 3D MDS 0.19 

kmin 4 

Conclusion HB? 

Notes:  BDC reveals significant, negative BDC with poor bootstrap values, and the MDS shows a diffuse 

cluster of taxa. Nevertheless, the data support recognizing Pseudorhynchocyonidae as a provisional 

holobaramin. The position of Diadophyodectes, which clusters with the outgroup in MDS and BDC 

results, remains uncertain.

Diadophyodectes
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O. alpina

O. pallasi

O. princeps

O. rutila

O. dodogolica

O. rufescens

O. kormosi

O. polonica

O. zabiensis

O. antiqua

O. lagreli

O. tedfordi

O. gudrunae

O. transcaucasica

O. roylei

O. chowmincheni

O. dauurica

O. nihewanica

O. thibetana

O. pusilla

Prolagus sardus

Fostowicz-Frelik, Ł., G.J. Frelik, and M. Gasparik. 2010. Morphological phylogeny of pikas (Lagomorpha: 

Ochotona), with a description of a new species from the Pliocene/Pleistocene transition of Hungary. Proceedings of 

the Academy of Natural sciences of Philadelphia 159:97-118.

Characters: Craniodental

Order Lagomorpha 

Family Ochotonidae 

Published taxa 21 

Published characters 38 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 21 

Characters used for calculations 24 

Median bootstrap value 69 

F90 0.06 

Stress of 3D MDS 0.22 

kmin 6 

Conclusion Inc 

Notes: In BDC results, taxic groups are not evident and bootstrap values are very poor. MDS suggests 

Ochotonidae forms a cluster distinct from the one outgroup taxon. A18



Archaeolagus ennisianus

Palaeolagus burkei

Chadrolagus emryi

Limitolagus roosevelti

Litolagus molidens

Palaeolagus intermedius

Desmatolagus gobiensis

Megalagus brachyodon

Mytonolagus ashcrafti

Palaeolagus haydeni

Palaeolagus temnodon

Fostowicz-Frelik, Ł. 2013. Reassessment of Chadrolagus and Litolagus (Mammalia: Lagomorpha) and a new 

genus of North American Eocene lagomorph from Wyoming. American Museum Novitates 3773:1-76.

Characters: Craniodental

Palaeolagus intermedius

Chadrolagus emryi Mytonolagus ashcrafti

Order Lagomorpha 

Family Leporidae 

Published taxa 11 

Published characters 44 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 11 

Characters used for calculations 34 

Median bootstrap value 89 

F90 0.49 

Stress of 3D MDS 0.11 

kmin 6 

Conclusion Inc 

Notes: BDC results have poor bootstrap values, and MDS results indicate a highly diffuse cloud of taxa.
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Adruf
Liale
Lidai

Tanev
Taocc

Lifur
Amsel
Fodru
Meedi
Mehip
Meuht
Nibla
Nipro
Nilon

Nimcg
Niyea
Nilem
Sepre
Nikoe

Pmsin
Pyrig

Trlem
Trova
ApDR
Apvet
Appri
Apted
Apdou
Ceane
Cehat
Cemin
Cerhi
Myela
Mykin

Myses
Umgal

Ummon
Hegaz
Hewil
Ptbar

Ptcam
Gabet
Ganov
Mdang
Mspan

Alcav
Paern

Paame
Pamac
Sccad

Aldin
Awmag
Awhar

Alnit
Alret

Alsim
Alsti
Alsto
Plang

Caann
Orped
Pralb
Pebru
Prrel

Prpar
Cadaw

Casio
Plata
Dklil

Dkpel
Haarb
Halio

Ehhos
PdeliO
RedelO

Prvet
Docha
Domon
Dosha
IstypO
Prloh

Andes
Anhep
Anori

Anshw

Hopkins, S.S. 2008. Phylogeny and evolutionary history of the Aplodontoidea (Mammalia: Rodentia). Zoological 

Journal of the Linnean Society 153:769-838.

Characters: Craniodental

Red: outgroup

Green: Aplodontidae

Blue: Mylagaulidae

Order Rodentia 

Family Aplodontidae 

Published taxa 107 

Published characters 249 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 85 

Characters used for calculations 145 

Median bootstrap value 95 

F90 0.54 

Stress of 3D MDS 0.15 

kmin 7 

Conclusion Inc 

Notes: No evidence of discontinuity within superfamily Aplodontoidea. MDS reveals a cluster of taxa 

with families blending into one another.
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Agnotocastor_praetereadens

Eucastor_tortus

Migmacastor_procumbodens

Dipoides_smithi

Dipoides_stirtoni

Dipoides_tanneri

Steneofiber_depereti

Steneofiber_eseri

Castoroides_ohioensis

Trogontherium_cuvieri

Capacikala_sp1

Palaeocastor_cf_nebrascensis

Palaeocastor_cf_simplicidens

Palaeocastor_sp2

Euhapsis_breugerom

Euhapsis_ellicotae

Palaeocastor_fossor

Palaeocastor_magnus

Pseudopaleocastor_barbouri

Castor_fiber

Anchitheriomys

Eutypomys_thompsoni

Paramys_copei

Paramys_delicatus

Rybczynski, N. 2007. Castorid phylogenetics: implications for the evolution of swimming and tree-exploitation in 

beavers. Journal of Mammalian Evolution 14:1-35.

Characters: Cranial and postcranial

Order Rodentia 

Family Castoridae 

Published taxa 39 

Published characters 88 

Character relevance 0.75 

Taxic relevance 0.5 

Taxa used for calculations 24 

Characters used for calculations 41 

Median bootstrap value 78 

F90 0.16 

Stress of 3D MDS 0.21 

kmin 6 

Conclusion HB 

Notes: Castorid taxa are well separated from the outgroup in both BDC and MDS results. Castoridae 

appears to be a holobaramin. 
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Adelomyarion_vireti

Heterocricetodon_helbingi
Kerosinia_variabilis

Pseudocricetodon_montalbanensis

Pseudocricetodon_thaleri

Oxynocricetodon_leptaleos
Aralocricetodon_schokensis

Eocricetodon_borealis

Eocricetodon_meridionalis

Atavocricetodon_atavus
Eucricetodon_asiaticus

Eucricetodon_caducus

Eucricetodon_dubius

Eucricetodon_longidens
Ulaancricetodon_badamae

Witenia_fusca

Raricricetodon_zhongtiaensis

Enginia_gertcheki

Muhsinia_steffensi
Pappocricetodon_rencunensis

Pappocricetodon_schaubi

Raricricetodon_minor

Edirnella_kempeni
Melissiodon_quercyi

Paracricetodon_dehmi

Trakymys_saratji

Paracricetodon_spectabilis
Cricetops_dormitor

PARACRICETOPS_VIRGATOINCISUS

Deperetomys_intermedius

Meteamys_alpani
Mirabella_tuberosa

Selenomys_mimicus

Banyuesminthus_uniconjugatus

Primisminthus_yuenus
Palasiomys_conulus

Pappocricetodon_antiquus

Maridet, O. and X. Ni. 2013. A new cricetid rodent from the early Oligocene of Yunnan, China, and its evolutionary 

implications for early Eurasian cricetids. Journal of Vertebrate Paleontology 33:185-194.

Characters: Craniodental

Order Rodentia 

Family Cricetidae 

Published taxa 37 

Published characters 67 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 37 

Characters used for calculations 50 

Median bootstrap value 73 

F90 0.34 

Stress of 3D MDS 0.18 

kmin 5 

Conclusion Inc 

Notes: No evidence of discontinuity in BDC or MDS results.
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Anomalurus

Paranomalurus_bishopi

Paranomalurus_walkeri

Shazurus

Paranomalurus_soniae

Idiurus

Kebirmys

Nementchamys

Pondaungimys

Bransatoglis

Eogliravus

Glibia

Zegdoumys

Knightomys

Pauromys

Prolapsus

Pappocricetodon

Sinosminthus

Sallam, H.M., E.R. Seiffert, E.L. Simons, and C. Brindley. 2010. A large-bodied anomaluroid rodent from the 

earliest late Eocene of Egypt: phylogenetic and biogeographic implications. Journal of Vertebrate 

Paleontology 30:1579-1593.

Characters: Craniodental

Order Rodentia 

Family Anomaluridae 

Published taxa 29 

Published characters 99 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 18 

Characters used for calculations 72 

Median bootstrap value 89 

F90 0.48 

Stress of 3D MDS 0.18 

kmin 8 

Conclusion HB 

Notes: Anomaluridae form a recognizable cluster in both BDC and MDS results. Anomaluridae is 

probably a holobaramin. 
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Cardiomys_cavinus

Dolichotis_patagonum

Dolichotis_salinicola

Orthomyctera_chapadmalense

Kerodon_rupestris

Cavia_aperea

Dolicavia_minuscula

Galea_musteloides

Prodolichotis_pridiana

Guiomys_unica

Microcavia_australis

Hydrochoerus_hydrochoeris

Phugatherium_novum

Eocardia_robusta

Microcardiodon_williensis

Pérez, M.E. and M.G. Vucetich. 2011. A new extinct genus of Cavioidea (Rodentia, Hystricognathi) from the 

Miocene of Patagonia (Argentina) and the evolution of cavioid mandibular morphology. Journal of Mammalian 

Evolution 18:163-183.

Characters: Craniodental

Order Rodentia 

Family Caviidae 

Published taxa 35 

Published characters 89 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 15 

Characters used for calculations 44 

Median bootstrap value 74 

F90 0.1 

Stress of 3D MDS 0.13 

kmin 5 

Conclusion HB? 

Notes: Caviidae + Guiomys might be a holobaramin. BDC evidence is weak but MDS seems to support a 

discontinuity. 

Guiomys
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Abalosia
Tympanoctomys

Octomys
Acaremysgroup

Octodon

Spalacopus
Aconaemys

Pithanotomys
Octodontomys

Actenomys
Xenodontomys

Ctenomys
Eucelophorus
Acarechimys

Protadelphomys
Sallamys
Willidewu

Caviocricetus
Eumysops

Pampamys
Thrichomys
Carterodon

Clyomys
Euryzygomatomys

Dasyprocta
Echimys

Isothrix
Maruchito

Phyllomys
Mesomys

Myocastor
Hoplomys

Proechimys
Trinomys

Capromys
Dactylomys

Kannabateomys

Verzi, D.H., A.I. Olivares, and C.C. Morgan. 2013. Phylogeny and evolutionary patterns of South American 

octodontoid rodents. Acta Palaeontologica Polonica 59:757-769.

Characters: Craniodental

Order Rodentia 

Family Octodontidae 

Published taxa 54 

Published characters 73 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 37 

Characters used for calculations 44 

Median bootstrap value 76 

F90 0.29 

Stress of 3D MDS 0.15 

kmin 4 

Conclusion Inc 

Notes: In BDC, there appear to be two groups, but Protadelphomys shares positive BDC with members of 

both groups. There is no obvious clustering in the MDS results. There is no clear evidence of 

discontinuity. A25



Acarechimys

Prospaniomys

Protacaremys

Myocastor

Coendou

Adelphomys

Deseadomys

Stichomys

Platypittamys

Sciamys

Caviocricetus

Spaniomys

Hoplomys

Proechimys semispinosus

Proechimys spp. 1

Proechimys spp. 2

Lonchothrix

Mesomys

P. cf. brevicauda

P. riparum

T. dimidiatus

Trinomys mirapitanga

Trinomys spp.

Carterodon

Clyomys

Euryzygomatomys

Theridomysops

Pampamys

Eumysops

Thrichomys

Sallamys

Willidewu

Protadelphomys

T. denigratus

T. albispinus

Callistomys

Maruchito sp.

Maruchito trilofodonte

Dactylomys

Olallamys

Kannabateomys

Paradelphomys

Diplomys

Phyllomys

M. grandis

Echimys chrysurus

Makalata sp.

M. didelphoides

E. semivillosus
Isothrix

Carvalho, G.A. and L.O. Salles. 2004. Relationships among extant and fossil echimyids (Rodentia: 

Hystricognathi). Zoological Journal of the Linnean Society 142:445-477.

Characters: Craniodental

Order Rodentia 

Family Echimyidae 

Published taxa 54 

Published characters 50 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 50 

Characters used for calculations 37 

Median bootstrap value 78 

F90 0.34 

Stress of 3D MDS 0.13 

kmin 3 

Conclusion Inc 

Notes: Inconclusive; no strong evidence of discontinuity. 

A26



Aaptoryctes_ivyi

Palaeoryctes_cruoris

Aceroryctes_dulcis

Ottoryctes_winkleri

Eoryctes_melanus

Lainoryctes_youzwyshyni

Palaeoryctes_jepseni

Palaeoryctes_punctatus

Palaeoryctes_puercensis

Asioryctes_nemegetensis

Rankin, B.D. and P.A. Holroyd. 2014. Aceroryctes dulcis, a new palaeoryctid (Mammalia, Eutheria) from the early 

Eocene of the Wasatch Formation of southwestern Wyoming, USA. Canadian Journal of Earth Sciences 51:919-

926.

Characters: Dental

Order Insectivora 

Family Palaeoryctidae 

Published taxa 10 

Published characters 32 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 10 

Characters used for calculations 18 

Median bootstrap value 78 

F90 0.09 

Stress of 3D MDS 0.17 

kmin 4 

Conclusion Inc 

Notes: The outgroup taxon Asioryctes is moderately separated from the ingroup taxa, but not sufficiently 

to warrant inferring discontinuity. 
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Cryptomanis_gobiensis

Necromanis_sp

Patriomanis_americana

Eomanis_waldi

Euromanis_krebsi

Eurotamandua_joresi

Ernanodon

Metacheiromys_sp

Palaeanodon_sp

Erinaceus_sp

Nandinia_binotata

Manis_crassicaudata

Manis_pentadactyla

Manis_javanica

Smutsia_gigantea

Smutsia_temminckii

Phataginus_tetradactyla

Phataginus_tricuspis

Kondrashov, P. and A.K. Agadjanian. 2012. A nearly complete skeleton of Ernanodon (Mammalia, Palaeanodonta) 

from Mongolia: morphofunctional analysis. Journal of Vertebrate Paleontology 32:983-1001.

Characters: Cranial and postcranial

Order Pholidota 

Family Manidae 

Published taxa 18 

Published characters 395 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 18 

Characters used for calculations 209 

Median bootstrap value 100 

F90 0.77 

Stress of 3D MDS 0.16 

kmin 9 

Conclusion HB 

Notes: Manidae is well-separated in both BDC and MDS results. Manidae is probably a holobaramin. 
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Arfia

Dissopsalis

Hyainailourous

Pterodon

Cimolestes_magnus (outgroup)

Diedelphodus_altidens (outgroup)

Proviverra

Eurotherium

Gazinocyon

Prototomus

Sinopa

Prolimncyon

Thinocyon

Propterodon

Hyaenodon

Pterodon_hyaenoides

Polly, P.D. 1996. The skeleton of Gazinocyon vulpeculus gen. et comb. nov. and the cladistic relationships of 

Hyaenodontidae (Eutheria, Mammalia). Journal of Vertebrate Paleontology 16:303-319.

Characters: Craniodental and postcranial

Order Carnivora 

Family Hyaenodontidae 

Published taxa 17 

Published characters 60 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 16 

Characters used for calculations 32 

Median bootstrap value 75 

F90 0.12 

Stress of 3D MDS 0.12 

kmin 5 

Conclusion Inc 

Notes: The BDC results mostly have poor bootstrap values, and there is no discontinuity evident in the 

MDS. 
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Acinonyx_jubatus
Felis_atrox_LACM290019

Felis_atrox_LACM579
Neofelis_nebulosa

Panthera_leo
Panthera_pardus

Panthera_tigris
Panthera_onca

Felis_attica
Felis_shansius

Felis_bituminosa
Felis_concolor_X8627

Felis_caracal
Felis_concolor

Panthera_uncia
Metailurus_major

Metailurus_major_SMNHM3841M3842
Metailurus_parvulusM3895

Felis_bengalensis
Felis_pardalis

Felis_serval
Lynx_rufus

Felis_viverrina
Felis_silvestris

Felis_temmincki
Felis_colocolo
Felis_geoffroyi
Felis_nigripes

Lynx_rufus_X9489
Lynx_canadensis

Felis_yagouaroundi
Dinofelis_BC120SMNH

Dinofelis_CB20
Machairodontinae_genus_indet

Homotherium_nestianum_AMNH104641
Metailurus_sp131854

Pseudaelurus_validusAMNH61803
Panthera_atrox_bebbi

Smilodon_composite
Crocuta_crocuta

Hyaena_hyena
Hyaena_brunnea

Hyaenotherium_wongii_AMNHcomposite
Palinhyaena_reperta_AMNHCh42L344

Lycyaena_chaeretis_AMNHCH11L12
Palinhyaena_reperta_AMNHCHL46

Palinhyaena_reperta_SMNHM37M38
Proteles_cristatus

Holliday, J.A. 2007. Phylogeny and character change in the feloid Carnivora. Ph.D. Dissertation. Tallahassee, FL: 

Florida State University.

Characters: Craniodental

Order Carnivora 

Family Felidae 

Published taxa 168 

Published characters 154 

Character relevance 0.75 

Taxic relevance 0.5 

Taxa used for calculations 48 

Characters used for calculations 103 

Median bootstrap value 87 

F90 0.46 

Stress of 3D MDS 0.32 

kmin 11 

Conclusion HB 

Notes: The published dataset was trimmed to include just the Felidae and Hyaenidae as in Robinson and 

Cavanaugh’s original analysis (1998. Evidence for a holobaraminic origin of the cats.  CRSQ 35:2-14). 

BDC and MDS support a discontinuity between the two families. Felidae is likely a holobaramin.



Amphimachairodus_giganteus

Smilodon_fatalis

Smilodon_populator

Megantereon_cultridens

Megantereon_nihowanensis

Megantereon_whitei

Homotherium_crenatidens

Homotherium_latidens

Homotherium_serum

Xenosmilus_hodsonae

Dinofelis_barlowi

Dinofelis_cristata

Dinofelis_petteri

Machairodus_aphanistus

Promegantereon_ogygia

Nimravides_ssp.

Metailurus_major

Metailurus_parvulus

Pseudaelurus_spp.

Canis_lupus

Cryptoprocta_ferox

Dinictis_felina

Christiansen, P. 2013. Phylogeny of the sabertoothed felids (Carnivora: Felidae: Machairodontinae). Cladistics

29:543-559.

Characters: Craniodental

Order Carnivora 

Family Felidae 

Published taxa 22 

Published characters 50 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 22 

Characters used for calculations 50 

Median bootstrap value 85 

F90 0.41 

Stress of 3D MDS 0.12 

kmin 6 

Conclusion HB 

Notes: Machairodontinae is the focus of this character set, but there are four extinct genera recognized as 

Felinae by McKenna and Bell (1997): Pseudalurus, Metailurus, Nimravides, and Dinofelis.  Results show 

the felids well-separated from outgroup taxa in MDS and BDC results. BDC indicates two groups of 

felids with positive BDC between them (but with poor bootstrap values between them). Felidae is likely a 

holobaramin. A31



A. africanus

A. hispanicus

P. peregrinus

Afrosmilus turkanae

Prosansanosmilus eggeri

Early Pseudaelurus

Proailurus lemanensis

Ginsburgsmilus

Eofelis edwarsii

Nimravus intermedius

Morlo, M., S. Peigne, and D. Nagel. 2004. A new species of Prosansanosmilus: implications for the systematic 

relationships of the family Barbourofelidae new rank (Carnivora, Mammalia). Zoological Journal of the Linnean

Society 140:43-61.

Characters: Dental

Order Carnivora 

Subfamily Barbourofelinae 

Published taxa 11 

Published characters 22 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 10 

Characters used for calculations 16 

Median bootstrap value 71 

F90 0.11 

Stress of 3D MDS 0.1 

kmin 3 

Conclusion Inc 

Notes: The BDC results have poor bootstrap values, and the MDS reveals a diffuse distribution of taxa. 

There is no evidence of discontinuity. A32



A. melanoleuca

Agriarctos

Kretzoiarctos

Ailurarctos

I. arctoides

I. punjabiensis

I. vireti

Ballusia elmensis

U. primaevus

Ursavus brevirhinus

Zaragocyon

H. malayanus

U. maritimus

U. americanus

U. thibetanus

U. arctos

M. ursinus

T. ornatus

C. lupus

Abella, J., D.M. Alba, J.M. Robles, A. Valenciano, C. Rotgers, R. Carmona, P. Montoya, and J. Morales. 2012. 

Kretzoiarctos gen. nov., the oldest member of the giant panda clade. PLoS ONE 7:e48985.

Characters: Craniodental

Zaragocyon

Canis lupus

Tremarctos ornatus

Ailuropoda melanoleucaOrder Carnivora 

Family Ursidae 

Published taxa 19 

Published characters 82 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 19 

Characters used for calculations 53 

Median bootstrap value 82 

F90 0.23 

Stress of 3D MDS 0.14 

kmin 5 

Conclusion HB? 

Notes: Ursidae is well-separated from the outgroup taxon Canis lupus in both BDC and MDS results.  

Within the group, ursids form two groups that are connected only by the spectacled bear Tremarctos 

ornatus, which also appears in an intermediate position in the MDS results.  Ursidae appears to be a 

holobaramin. A33



Arctocephalus_pusillus

Arctophoca_australis

Arctophoca_tropicalis

Arctophoca_galapagoensis

Hydrarctos_lomasiensis

Arctophoca_philippii

Arctophoca_gazella

Neophoca_palatina

Zalophus_californianus

Zalophus_japonicus

Zalophus_wollebaeki

Neophoca_cinerea

Phocarctos_hookeri

Eumetopias_jubatus

Proterozetes_ulysses

Callorhinus_gilmorei

Thalassoleon_macnallyae

Callorhinus_ursinus

Pithanotaria_starri

Thalassoleon_mexicanus

Thalassoleon_inouei

USN_263570

Otaria_byronia

Enaliarctos_emlongi

Pteronarctos_goedertae

Churchill, M., R.W. Boessenecker, and M.T. Clementz. 2014. Colonization of the southern hemisphere by fur seals 

and sea lions (Carnivora: Otariidae) revealed by combined evidence phylogenetic and Bayesian biogeographical 

analysis. Zoological Journal of the Linnean Society 172:200-225.

Characters: Craniodental, postcranial, behavioral

Order Carnivora 

Family Otariidae 

Published taxa 25 

Published characters 107 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 25 

Characters used for calculations 84 

Median bootstrap value 80 

F90 0.24 

Stress of 3D MDS 0.26 

kmin 10 

Conclusion HB 

Notes: Otariidae is well-separated from the outgroup taxa in both BDC and MDS results. BDC reveals 

positive correlation between the outgroup taxa and Pithanotaria, but their proximity is not evident in the 

MDS results. Otariidae is likely a holobaramin. 

Pithanotaria
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Pontolis magnus

Aivukus cedrosensis

Ontocetus emmonsi

Protodobenus japonicus

Odobenus rosmarus

Valenictus chulavistensis

Dusignathus santacruzensis

Dusignathus seftoni

Gomphotaria pugnax

Pontolis magnus

Allodesmus gracilis

Desmatophoca oregonensis

Erignathus barbatus

Monachus monachus

Callorhinus ursinus

Enaliarctos emlongi

Pteronarctos goedertae

Imagotaria downsi

Neotherium mirum

Proneotherium repenningi

Boessenecker, R.W. and M. Churchill. 2013. A reevaluation of the morphology, paleoecology, and phylogenetic 

relationships of the enigmatic walrus Pelagiarctos. PLoS One 8:e54311.

Characters: Craniodental and postcranial

Order Carnivora 

Family Odobenidae 

Published taxa 23 

Published characters 90 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 19 

Characters used for calculations 82 

Median bootstrap value 89 

F90 0.48 

Stress of 3D MDS 0.14 

kmin 7 

Conclusion HB? 

Notes: Odobenidae is well separated from the outgroup taxa in the BDC results, with the exception of 

Pontolis, which is positively correlated with members of the ingroup and outgroup. The MDS results do 

not reveal a clear distinction between the two groups, although Pontolis does not appear to be closely 

associated with the outgroup taxa. Odobenidae might be a holobaramin. 

A35



Enhydra lutris

Galictis cuja

Mustela putorius

Amblonyx cinerea

Satherium piscinarium

Aonyx capensis

CICYTTP PV M 121

Pteronura brasiliensis

Lontra provocax

Lutra lutra

Lutrogale perspicillata

Enhydra lutris

Galictis cuja

Mustela putorius

Conepatus chinga

Nasua nasua

Procyon cancrivorus

Prevosti, F.J. and B.S. Ferrero. 2008. A Pleistocene giant river otter from Argentina: remarks on the fossil record 

and phylogenetic analysis. Journal of Vertebrate Paleontology 28:1171-1181.

Characters: Craniodental

Order Carnivora 

Family Mustelidae 

Published taxa 41 

Published characters 69 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 14 

Characters used for calculations 64 

Median bootstrap value 99 

F90 0.78 

Stress of 3D MDS 0.11 

kmin 6 

Conclusion HB? 

Notes: A cluster of mustelid taxa appear to be a holobaramin, but Mustela, Galictis and Enhydra are not 

connected to the main cluster of mustelid taxa in either the MDS or BDC results.  This result should be 

examined further. A36



Amphicynodon

Mustelavus

Brachyprotoma

Mephitis

Osmotherium

Conepatus leuconotus

Conepatus robustus

Conepatus sanmiguelensis

Conepatus semistriatus

S.Am. Conepatus

Buisnictis burrowsi

Buisnictis meadensis

Buisnictis metabatos

Spilogale

Martinogale chisoensis

Martinogale faulli

Mydaus

Promephitis

Wang, X., Ó. Carranza-Castañeda, and J.J. Aranda-Gómez. 2014. A transitional skunk, Buisnictis metabatos sp. 

nov. (Mephitidae, Carnivora), from Baja California Sur and the role of southern refugia in skunk evolution. Journal 

of Systematic Palaeontology 12:291-302.

Characters: Craniodental

Order Carnivora 

Family Mephitidae 

Published taxa 21 

Published characters 39 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 18 

Characters used for calculations 31 

Median bootstrap value 74 

F90 0.26 

Stress of 3D MDS 0.09 

kmin 4 

Conclusion HB 

Notes: Mephitidae is clearly separated from the outgroup taxa in both BDC and MDS results. Mephitidae 

is likely a holobaramin. 
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Ailurus_fulgens

Bassariscus_astutus

Edaphocyon_pointblankensis

Probassariscus_matthewi

Arctonasua_gracilis

Paranasua_biradica

Procyon_lotor

Nasua_narica

Nasua_nasua

Nasuella_olivacea

Bassaricyon_alleni

Potos_flavus

Conepatus_leuconotus

Mydaus_javanensis

Martes_pennanti

Urocyon_cinereoargenteus

Ahrens, H.E. 2012. Craniodental characters and the relationships of Procyonidae (Mammalia: Carnivora). 

Zoological Journal of the Linnean Society 164:669-713.

Characters: Craniodental

Order Carnivora 

Family Procyonidae 

Published taxa 20 

Published characters 78 

Character relevance 0.75 

Taxic relevance 0.25 

Taxa used for calculations 16 

Characters used for calculations 69 

Median bootstrap value 79 

F90 0.32 

Stress of 3D MDS 0.15 

kmin 6 

Conclusion Inc 

Notes: BDC results shows potential discontinuity around some procyonid taxa, but the MDS results show 

a diffuse cloud of all taxa. There is no clear evidence of discontinuity.
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Amblysomus_corriae

Amblysomus_robustus

Amblysomus_hottentotus

Amblysomus_septentrionalis

Neamblysomus_julianae

Amblysomus_marleyi

Carpitalpa_arendsi

Chlorotalpa_duthieae

Chlorotalpa_sclateri

Neamblysomus_gunningi

Calcochloris_obtusirostris

Huetia_leucorhinus

Chrysochloris_asiatica

Chrysochloris_stuhlmanni

Cryptochloris_wintoni

Chrysospalax_trevelyani

Chrysospalax_villosus

Eremitalpa_granti

Echinops_telfairi

Setifer_setosus

Tenrec_ecaudatus

Hemicentetes

Geogale_aurita

Limnogale

Microgale

Oryzorictes_tetradactylus

Micropotamogale

Potamogale_velox

Elephantulus_rufescens

Procavia_capensis

Asher, R.J., S. Maree, G. Bronner, N.C. Bennett, P. Bloomer, P. Czechowski, M. Meyer, and M. Hofreiter. 2010. A 

phylogenetic estimate for golden moles (Mammalia, Afrotheria, Chrysochloridae). BMC Evolutionary Biology

10:69.

Characters: Craniodental and postcranial

Order Chrysochloridea 

Family Chrysochloridae 

Published taxa 30 

Published characters 144 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 30 

Characters used for calculations 134 

Median bootstrap value 100 

F90 0.93 

Stress of 3D MDS 0.11 

kmin 6 

Conclusion HB 

Notes: Chrysochloridae is well-separated from the outgroup taxa in MDS and BDC results. 

Chrysochloridae is a holobaramin. 
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Atelerix_albiventris

Atelerix_algirus

Atelerix_frontalis

Atelerix_sclateri

Erinaceus_amurensis

Erinaceus_concolor

Erinaceus_europaeus

Mesechinus_dauuricus

Mesechinus_hughi

Hemiechinus_auritus

Hemiechinus_collaris

Paraechinus_aethiopicus

Paraechinus_micropus

Paraechinus_hypomelas

Echinosorex_gymnura

Podogymnura_aureospinula

Podogymnura_truei

Hylomys_megalotis

Hylomys_parvus

Hylomys_suillus

Neohylomys_hainanensis

Neotetracus_sinensis

He, K., J.-H. Chen, G.C. Gould, N. Yamaguchi, H.-S. Ai, Y.-X. Wang, Y.-P. Zhang, and X.-L. Jiang.  2012.  An 

estimation of Erinaceidae phylogeny: a combined analysis approach.  PLoS ONE 7(6):e39304.

Characters: Craniodental, postcranial, external morphology

Order Erinaceomorpha 

Family Erinaceidae 

Published taxa 23 

Published characters 135 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 23 

Characters used for calculations 97 

Median bootstrap value 100 

F90 1 

Stress of 3D MDS 0.07 

kmin 4 

Conclusion HB 

Notes: Subfamilies Erinaceinae and Galericinae are both well-separated in the BDC and MDS results. 

Both are likely holobaramins. 
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Blarina_brevicauda

Sorex_araneus_californicus

Crocidura_russula

Erinaceus_europaeus

Condylura_cristata

Neurotrichus_gibbsii

Euroscaptor_spp

Mogera_wogura

Talpa_europaea

Parascaptor_leucura

Scaptochirus_moschatus

Scaptonyx_fusicaudus

Parascalops_breweri

Scapanulus_oweni

Scalopus_aquaticus

Scapanus_spp

Desmana_moschata

Galemys_pyrenaicus

Dymecodon_pilirostris

Urotrichus_talpoides

Uropsilus_spp

Sánchez‐Villagra, M.R., I. Horovitz, and M. Motokawa. 2006. A comprehensive morphological analysis of talpid

moles (Mammalia) phylogenetic relationships. Cladistics 22:59-88.

Characters: Craniodental and postcranial

Order Erinaceomorpha 

Family Talpidae 

Published taxa 21 

Published characters 157 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 21 

Characters used for calculations 135 

Median bootstrap value 90 

F90 0.49 

Stress of 3D MDS 0.21 

kmin 9 

Conclusion HB 

Notes: Talpidae is well-separated from the outgroup taxa in both the BDC and MDS results. Talpidae is 

likely a holobaramin. 
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Acrodentis rosenorum

Nyctitherium krishtalkai

Nycitherium velox

Nyctitherium serotinum

Ceutholestes dolosus

Limaconyssus habrus

Placentidens lotus P3

Plagioctenoides microlestes

Plagioctenoides tombowni

Wyonycteris primitivus

Wyonycteris chalix

Wyonycteris richardi

Wyonycteris galensis

Adunator minutus

Leptacodon donkroni

Leptacodon acherontus

Plagioctenodon dormaalensis

Plagioctenodon rosei

Plagioctenodon thewisseni

Plagioctenodon krausae

Leptacodon tener

Leptacodon nascimentoi

Saturninia mamertensis

Leptacodon choristus

Leptacodon packi

Leptacodon catulus

Saturninia grandis

Leptacodon munusculum

Amphidozotherium cayluxi

Euronyctia grisollensis

Euronyctia montana

Saturninia gracilis

Saturninia intermedia

Crypototopos beatus

Cryptotopos hartenbergi

Cryptotopos woodi

Scraeva hatherwoodensis

Saturninia carbonum

Asionyctia guoi

Bumbanius rarus

Eosoricodon terrigena

Oedolius perexiguus

Macrocranion junnei

Maelestes gobiensis

Manz, C.L. and J.I. Bloch. 2015. Systematics and phylogeny of Paleocene-Eocene Nyctitheriidae (Mammalia, 

Eulipotyphla?) with description of a new species from the Late Paleocene of the Clarks Fork Basin, Wyoming, 

USA. Journal of Mammalian Evolution 22:307-342.

Characters: Dental

Order Soricomorpha 

Family Nyctitheriidae 

Published taxa 54 

Published characters 66 

Character relevance 0.75 

Taxic relevance 0.5 

Taxa used for calculations 44 

Characters used for calculations 34 

Median bootstrap value 65 

F90 0.1 

Stress of 3D MDS 0.3 

kmin 7 

Conclusion HB? 

Notes: BDC seems to support separation between the outgroup taxa and ingroup taxa, but the MDS 

results are far less clear. Given that the 3D stress is high (0.3), we may very tentatively accept 

Nyctitheriidae as a holobaramin. 
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Carposorex_sylviae

Clapasorex_sigei

Crocidura_leucodon

Miosorex_desnoyersianus

Miosorex_grivensis

Myosorex_meini

Oligosorex_thauensis

Lartetium_prevostianum

Oligosorex_antiquus

Meingensorex_ambiguus

Soricella_discrepans

Sorex_araneus

Crocidosorex_piveteaui

Srinitium_marteli

Saturninia_gracilis

Hugueney, M. and O. Maridet. 2011. Early Miocene soricids (Insectivora, Mammalia) from Limagne (Central 

France): new systematic comparisons, updated biostratigraphic data and evolutionary implications. Geobios

44:225-236.

Characters: Craniodental

Order Soricomorpha 

Family Soricidae 

Published taxa 15 

Published characters 27 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 15 

Characters used for calculations 21 

Median bootstrap value 79 

F90 0.34 

Stress of 3D MDS 0.22 

kmin 5 

Conclusion HB? 

Notes: Soricidae is well separated from the outgroup in BDC and MDS results. Soricidae is likely a 

holobaramin based on these characters.
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Hand, S.J. and J.A.W. Kirsch. 2003. Archerops, a new annectent hipposiderid genus (Mammalia: Microchiroptera) 

from the Australian Miocene. Journal of Paleontology 77:1139-1151.

Characters: Craniodental and postcranial

Anthops_ornatus
Hipposideros_bernardsigei

Hipposideros_armiger
Pseudorhinolophus_bouziguensis

Hipposideros_commersoni
Hipposideros_lankadiva

Hipposideros_larvatus
Hipposideros_diadema

Hipposideros_papua
Hipposideros_pratti
Hipposideros_turpis

Hipposideros_ater
Hipposideros_fulvus
Hipposideros_caffer

Hipposideros_cervinus
Hipposideros_speoris

Hipposideros_ruber
Hipposideros_lylei

Hipposideros_calcaratus
Hipposideros_maggietaylorae

Asellia_tridens

Hipposideros_cyclops
Hipposideros_corynophyllus

Hipposideros_muscinus
Hipposideros_wollastoni
Aselliscus_tricuspidatus

Brachipposideros_nooraleebus
Brachipposideros_watsoni

Rhinonycteris_tedfordi
Rhinonycteris_aurantius

Riversleigha_williamsi
Triaenops_persicus

Xenorhinos_halli
Palaeophyllophora_quercyi

Syndesmotis_megalotis
Archerops_annectens

Cloeotis_percivali
Coelops_frithi

Coelops_robinsoni
Hipposideros_semoni

Rhinolophus_affinis
Rhinolophus_megaphyllus

Rhinolophus_simulator

Order Chiroptera 

Family Rhinolophidae 

Published taxa 44 

Published characters 64 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 44 

Characters used for calculations 64 

Median bootstrap value 73 

F90 0.2 

Stress of 3D MDS 0.32 

kmin 11 

Conclusion HB? 

Notes: BDC and MDS support a separation between Rhinolophidae and outgroup taxa. Hipposideros 

semoni shares positive BDC with all outgroup taxa and two other rhinolophids, but the MDS supports 

including H. semoni in the rhinolophid cluster. Rhinolophidae is likely a holobaramin. 

Hipposideros semoni
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Artibeus_jamaicensis

Macrotus_californicus

Macrotus_waterhousii

Mystacina_robusta

Mystacina_tuberculata

Mormoops_blainvillii

Mormoops_megalophylla

Pteronotus_davyi

Pteronotus_gymnonotus

Pteronotus_macleayii

Pterontous_quadridens

Pteronotus_personotus

Pteronotus_parnellii

Pteronotus_pristinus

Noctilio_albiventris

Noctilio_leporinus

Saccopteryx_bilineata

Simmons, N.B. and T.M. Conway. 2001. Phylogenetic relationships of mormoopid bats (Chiroptera: Mormoopidae) 

based on morphological data. Bulletin of the American Museum of Natural History 258:1-97.

Characters: Craniodental, postcranial, soft tissue

Order Chiroptera 

Family Mormoopidae 

Published taxa 17 

Published characters 209 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 17 

Characters used for calculations 162 

Median bootstrap value 92 

F90 0.54 

Stress of 3D MDS 0.19 

kmin 7 

Conclusion MB 

Notes: BDC reveals very little correlation between genera. Pteronotus appears to be a well-defined 

monobaramin in the BDC results. MDS reveals a distinction between ingroup and outgroup taxa, but both 

are diffuse and poorly clustered. We may provisionally accept Pteronotus as a monobaramin. Clear 

discontinuity is not evident. 
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Ametrida
Ardops
Ariteus

Stenoderma
Phyllops

Pygoderma
Centurio

Sphaeronycteris
Artibeus

Dermanura
Koopmania

Enchisthenes

Platyrrhinus
Vampyrodes

Uroderma
Chiroderma

Vampyressa_bidens
Vampyressa_nymphaea

Vampyressa_pusilla
Mesophylla_macconellii

Ectophylla_alba
Anoura

Choeroniscus
Musonycteris

Choeronycteris
Scleronycteris

Hylonycteris
Lichonycteris
Glossophaga
Monophyllus

Leptonycteris
Lionycteris

Lonchophylla
Platalina
Erophylla

Phyllonycteris
Brachyphylla

Carollia
Sturnira

Macrotus
Micronycteris_hirsuta

Micronycteris_megalotis
Micronycteris_minuta

Micronycteris_brachyotis
Micronycteris_nicefori

Micronycteris_sylvestris
Phylloderma

Phyllostomus
Mimon_bennettii

Mimon_crenulatum
Tonatia

Trachops
Chrotopterus

Vampyrum
Lonchorhina

Macrophyllum
Rhinophylla
Mormoops
Pteronotus

Noctilio
Desmodus

Diaemus
Diphylla

Wetterer, A.L., M.V. Rockman, and N.B. Simmons. 2000. Phylogeny of phyllostomid bats (Mammalia: 

Chiroptera): data from diverse morphological systems, sex chromosomes, and restriction sites. Bulletin of the 

American Museum of Natural History 248:1-200.

Characters: Craniodental, postcranial, soft issue, karyotype, restriction sites

Order Chiroptera 

Family Phyllostomidae 

Published taxa 63 

Published characters 150 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 63 

Characters used for calculations 98 

Median bootstrap value 77 

F90 0.33 

Stress of 3D MDS 0.24 

kmin 10 

Conclusion Inc 

Notes: No clear evidence of discontinuity in BDC or MDS results.
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Arctodontomys_simplicidens.wilsoni
Niptomomys_doreenae

Anasazia_williamsoni
Palaechthon_alticuspis
Plesiolestes_nacimienti

Phoxomylus_puncticuspis
Torrejonia_wilsoni

Plesiolestes_problematicus
Berruvius_gingerichi

Navajovius_kohlhaasae
Purgatorius_coracis

Purgatorius_unio
Chalicomomys_antelucanus

Dryomomys_szalayi
Tinimomys_graybulliensis

Micromomys_fremdi
Acidomomys_hebeticus
Ignacius_clarkforkensis

Ignacius_frugivorus
Phenacolemur_praecox
Phenacolemur_jepseni

Phenacolemur_pagei
Paromomys_maturus

Talpohenach_torrejonius
Carpodaptes_cygneus
Carpodaptes_stonley

Carpolestes_dubius
Elphidotarius_russelli
Carpodaptes_hazelae

Carpomegodon_jepseni
Carpolestes_simpsoni

Elphidotarsius_wightoni
Nannodectes_gazini
Plesiadapis_dubius

Plesiadapis_fodinatus
Pronothodectes_gaoi

Pronothodectes_matthewi
Plesiadapis_cookei

Saxonella_naylori
Elpidophorus_elegans

Planetetherium_mirabile
Plagiomene_multicuspis

Horolodectes_sunae
Worlandia_inusitata
Cimolestes_var_sp

Leptacodon_var_sp
Paradectes_var_sp

Labidolemur_cf_kayi
Labidolemur_major
Labidolemur_serus

Labidolemur_kayi
Draconodus_apertus

Zanycteris_honeyi
Zanycteris_paleocenus
Picrodus_calgariensis

Picrodus_canpacius
Picrodus_lepidus

Picrodus_silberlingi

Burger, B.J. 2013. A new species of the archaic primate Zanycteris from the late Paleocene of western Colorado 

and the phylogenetic position of the family Picrodontidae. PeerJ 1:e191.

Characters: Dental

Order Primates 

Family Picrodontidae 

Published taxa 58 

Published characters 113 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 58 

Characters used for calculations 98 

Median bootstrap value 79 

F90 0.34 

Stress of 3D MDS 0.24 

kmin 7 

Conclusion HB 

Notes: The taxa are trimmed to include Picrodontidae, with Plesiadapidae, and Carpolestidae as the 

outgroup.  Picrodontidae is well-separated from the outgroup taxa in both BDC and MDS results. 

Picrodontidae is probably a holobaramin. A47
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Carpodaptes_cygneus

Carpolestes_dubius

Carpomegodon_jepseni

Carpodaptes_stonley

Carpodaptes_hazelae

Carpolestes_simpsoni

Elphidotarius_russelli

Elphidotarsius_wightoni

Nannodectes_gazini

Plesiadapis_dubius

Plesiadapis_fodinatus

Pronothodectes_gaoi

Pronothodectes_matthewi

Plesiadapis_cookei

Saxonella_naylori

Green: Carpolestidae

Blue: Plesiadapidae

Red: Saxonella

Burger, B.J. 2013. A new species of the archaic primate Zanycteris from the late Paleocene of western Colorado 

and the phylogenetic position of the family Picrodontidae. PeerJ 1:e191.

Characters: Dental

Order Primates 

Family Plesiadapidae 

Published taxa 58 

Published characters 113 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 15 

Characters used for calculations 110 

Median bootstrap value 100 

F90 0.86 

Stress of 3D MDS 0.09 

kmin 4 

Conclusion HB 

Notes: Taxa from the previous analysis are further subdivided to remove the picrotontids.  Plesiadapidae 

and Carpolestidae are well separated from each other and from the outgroup Saxonella in BDC and MDS 

results. Both are likely holobaramins.



Archaeoindris_fontoynontii

Avahi_occidentalis

Babakotia_radafolia

Mesopropithecus_dolichobrachion

Mesopropithecus_pithecoides

Palaeopropithecus_ingens

Palaeopropithecus_maximus

Avahi_laniger

Propithecus_candidus

Propithecus_deckenii

Propithecus_diadema

Propithecus_edwardsi

Propithecus_perrieri

Propithecus_tattersalli

Propithecus_coronatus

Propithecus_coquereli

Propithecus_verreauxi

Indri_indri

Archaeolemur_edwardsi

Archaeolemur_majori

Hadropithecus_stenognathus

Eulemur_albifrons

Eulemur_fulvus

Eulemur_rufus

Pachylemur_insignis

Varecia_variegata

Lemur_catta

Hapalemur_griseus

Hapalemur_simus

Herrera, J.P. and L.M. Dávalos. 2016. Phylogeny and divergence times of lemurs inferred with recent and ancient 

fossils in the tree. Systematic Biology 65:772-791.

Characters: Craniodental and postcranial

Order Primates 

Family Lemuridae 

Published taxa 29 

Published characters 421 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 29 

Characters used for calculations 157 

Median bootstrap value 98 

F90 0.67 

Stress of 3D MDS 0.23 

kmin 11 

Conclusion HB 

Notes: Taxon sample has been trimmed here to include Lemuridae, Indriidae, 

Palaeopropithecidae, and Archaeolemuridae from Herrera and Dávalos (2016). BDC 

reveals three groups of taxa corresponding to Lemuridae, Archaeolemuridae, and 

Indriidae + Palaeopropithecidae. Archaeolemur majori is positively correlated with 

six members of the Indriidae + Palaeopropithecidae group, but all but one BDC with 

Archaeolemur majori have poor bootstrap values. All comparisons between the 

groups Lemuridae and Indriidae + Palaeopropithecidae share significant, negative 

BDC. The MDS results support the three groups observed in the BDC, but 

Archaeolemur majori is clearly separated from the Indriidae + Palaeopropithecidae. 

Hence we may conclude that Lemuridae and Indriidae + Palaeopropithecidae are 

both likely holobaramins.

Green: Lemuridae

Blue: Indriidae

Red: Other taxa

Archaeolemuridae
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Cheirogaleus_major

Microcebus_griseorufus

Microcebus_rufus

Microcebus_murinus

Mirza_coquereli

Phaner_furcifer

Lepilemur_dorsalis

Lepilemur_leucopus

Lepilemur_ruficaudatus

Lepilemur_edwardsi

Lepilemur_mustelinus

Megaladapis_edwardsi

Megaladapis_grandidieri

Megaladapis_madagascariensis

Herrera, J.P. and L.M. Dávalos. 2016. Phylogeny and divergence times of lemurs inferred with recent and ancient 

fossils in the tree. Systematic Biology 65:772-791.

Craniodental and postcranial

Order Primates 

Family Lepilemuridae 

Published taxa 14 

Published characters 421 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 14 

Characters used for calculations 161 

Median bootstrap value 93 

F90 0.575 

Stress of 3D MDS 0.16 

kmin 7 

Conclusion HB 

Notes: Taxa have been trimmed to include Lepilemuridae, Cheirogaleidae, and Megaladapidae.  BDC 

reveals three clear groups corresponding to the three families.  MDS confirms these three groups.  The 

position of Cheirogaleus major is uncertain in both BDC and MDS results.  Lepilemuridae and 

Cheirogaleidae (excluding Cheirogaleus major) are likely holobaramins. 

Red: Megaladapidae

Green: Cheirogaleidae

Blue: Lepilemuridae

Cheirogaleus
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Arctocebus aureus

Arctocebus calabarensis

Loris tardigradus

Galagoides demidoff

Nycticebus coucang

Nycticebus pygmaeus

Perodicticus potto

Microcebus murinus

Otolemur crassicaudatus

Masters, J.C., N.M. Anthony, M.J. De Wit, and A. Mitchell. 2005. Reconstructing the evolutionary history of the 

Lorisidae using morphological, molecular, and geological data. American Journal of Physical 

Anthropology 127:465-480.

Characters: Craniodental

Microcebus murinus

Order Primates 

Family Loridae 

Published taxa 9 

Published characters 36 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 9 

Characters used for calculations 36 

Median bootstrap value 95.5 

F90 0.64 

Stress of 3D MDS 0.07 

kmin 4 

Conclusion Inc 

Notes: BDC has few correlations, and MDS results show a diffuse cluster of taxa. No clear evidence of 

discontinuity is present. 
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Elphidotarsius

Carpocristes hohackensis

Carpodaptes cygneus

Carpodaptes hazelae

Carpodaptes aulacodon

Carpocristes oriens

Carpolestes dubius

Carpolestes nigridens

Carpolestes simpsoni

Carpomegodon jepseni

Elphidotarsius florencae

Elphidotarsius shotgunensis

Elphidotarsius wightoni

Pronothodectes

Purgatorius

Bloch, J.I., D.C. Fisher, K.D. Rose, and P.D. Gingerich. 2001. Stratocladistic analysis of Paleocene Carpolestidae

(Mammalia, Plesiadapiformes) with description of a new late Tiffanian genus. Journal of Vertebrate Paleontology

21:119-131.

Characters: Dental

Order Primates 

Family Carpolestidae 

Published taxa 15 

Published characters 33 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 14 

Characters used for calculations 30 

Median bootstrap value 88 

F90 0.46 

Stress of 3D MDS 0.09 

kmin 4 

Conclusion HB? 

BDC reveals three groups: outgroup taxa, genus Elphidotarsius, and the remaining carpolestids. 

Significant, negative BDC occurs between the outgroup and the remaining carpolestids but not between 

the outgroup and Elphidotarsius.  There is very little significant BDC between Elphidotarsius and the 

remaining carpolestids, and none have bootstrap values >90%.  MDS results reveal a good separation 

between the outgroup taxa and the Carpolestidae, including Elphidotarsius, which is part of an arc of 

carpolestid taxa. Taken together, MDS and BDC support recognizing Carpolestidae as a provisional 

holobaramin.
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Absarokius_sp

Uintanius_ameghini

Anaptomorphus_sp

Aycrossia_lovei

Strigorhysis_sp

Teilhardina_americana

Tetonius_sp

Teilhardina_asiatica

Teilhardina_belgica

Arapahovius_gazini

Tetonoides_sp

Trogolemur_myodes

Dyseolemur_pacificus

Loveina_zephyri

Shoshonius_cooperi

Washakius_insignis

Hemiacodon_gracilis

Omomys_sp

Steinius_vespertinus

Eosimias_sp

Tarsius_sp

Microchoerus_erinaceus

Necrolemur_antiquus

Pseudoloris_parvulus

Aegyptopithecus_zeuxis

Apidium_phiomense

Parapithecus_grangeri

Aotus_trivirgatus

Saimiri_sciureus

Callicebus_moloch

Dolichocebus_gaimanensis

Catopithecus_browni

Proteopithecus_sylviae

Ni, X., Y. Wang, Y. Hu, and C. Li. 2004. A euprimate skull from the early Eocene of China. Nature 427:65-68.

Characters: Craniodental, postcranial, soft tissue

Order Primates 

Family Omomyidae 

Published taxa 52 

Published characters 303 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 33 

Characters used for calculations 152 

Median bootstrap value 97 

F90 0.66 

Stress of 3D MDS 0.27 

kmin 12 

Conclusion HB 

Notes: Taxa have been reduced to the Omomyidae and their sister clade, the anthropoids, from Ni et al.'s 

(2004) phylogeny. Both BDC and MDS reveal a clear distinction between anthropoids and Omomyidae. 

Eosimias and Tarsius cluster with Omomyidae in both BDC and MDS results. Omomyidae + Eosimias + 

Tarsius is likely a holobaramin.
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Callicebus_moloch

Saimiri_ustus

Callimico_goeldii

Saguinus_fuscicollis_weddelli

Saguinus_midas

Leontopithecus_chrysomelas

Leontopithecus_chrysopygus

Callithrix_aurita

Callithrix_flaviceps

Callithrix_geoffroyi

Callithrix_kuhlii

Callithrix_jacchus

Callithrix_penicillata

Cebuella_pygmaea

Mico_acariensis

Mico_melanurus

Mico_marcai

Mico_nigriceps

Mico_rondoni

Mico_argentatus

Mico_leucippe

Mico_emiliae

Mico_saterei

Mico_chrysoleucos

Mico_intermedius

Mico_humeralifer

Mico_mauesi

Mico_humilis

Garbino, G.S. 2015. How many marmoset (Primates: Cebidae: Callitrichinae) genera are there? A phylogenetic 

analysis based on multiple morphological systems. Cladistics 31:652-678.

Characters: Craniodental, postcranial, soft tissue, vocal

Order Primates 

Family Cebidae 

Published taxa 28 

Published characters 83 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 28 

Characters used for calculations 76 

Median bootstrap value 83.5 

F90 0.46 

Stress of 3D MDS 0.14 

kmin 7 

Conclusion HB? 

Notes: BDC and MDS reveal two clear groups: Callitrichinae and the rest of the cebids. This suggests that 

Callitrichinae is a holobaramin. 

Blue: Callitrichinae

Green: other Cebidae
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Alouatta_palliata

Brachyteles_arachnoides

Aotus_lemurinus

Cebus_capucinus

Ateles_geoffroyi

Lagothrix_lagotricha

Saimiri_boliviensis

Callimico_goeldii

Saguinus_midas

Leontopithecus_rosalia

Callithrix_penicillata

Callithrix_pygmaea

Schrago, C.G., B. Mello, and A.E.R. Soares. 2013. Combining fossil and molecular data to date the diversification 

of New World Primates. Journal of Evolutionary Biology 26:2438-2446.

Characters: Craniodental

Order Primates 

Family Cebidae 

Published taxa 31 

Published characters 268 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 12 

Characters used for calculations 238 

Median bootstrap value 97 

F90 0.61 

Stress of 3D MDS 0.19 

kmin 9 

Conclusion Inc 

Notes: BDC results are poor with few significant correlations. MDS reveals a diffuse cluster of taxa. 

There is no clear evidence of discontinuity.

A55



Leptorycteropus guilielmi

Chrysochloris

Procavia capensis

Rhynchocyon cirnei

Leptorycteropus guilielmi

Ory. abundulafus

Ory. gaudryi

Ory. mauritanicus

Ory. depereti

Myorycteropus africanus

Ory. afer

Ory. crassidens

Ory. djourabensis

Lehmann, T. 2009. Phylogeny and systematics of the Orycteropodidae (Mammalia, Tubulidentata). Zoological 

Journal of the Linnean Society 155:649-702.

Characters: Craniodental and postcranial

Order Tubilidentata 

Family Orycteropodidae 

Published taxa 12 

Published characters 39 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 12 

Characters used for calculations 32 

Median bootstrap value 89.5 

F90 0.47 

Stress of 3D MDS 0.13 

kmin 3 

Conclusion Inc 

Notes: BDC results reveal two groups of orycteropids with sporadic negative BDC with outgroup taxa. 

MDS reveals a highly diffuse group of orycteropids that are separated from the outgroup. There is little 

conclusive evidence of discontinuity or continuity among the orycteropids.
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Hooker, J.J. and D.E. Russell. 2012. Early Palaeogene Louisinidae (Macroscelidea, Mammalia), their relationships 

and north European diversity. Zoological Journal of the Linnean Society 164:856-936.

Characters: Craniodental and postcranial

Adapisorex

Berrulestes_pellouini

Berrulestes_phelizoni

Berrulestes_poirieri

Paschatherium_dolloi

Paschatherium_yvettae

Paschatherium_russelli

Paschatherium_levei

Paschatherium_plaziati

Paschatherium_marianae

Walbeckodon_girardi

Walbeckodon_krumbiegeli

Dipavali

Gigarton_louisi

Gigarton_meyeri

Gigarton_sigogneauae

Apheliscus

Phenacodaptes

Haplaletes

Haplomylus

Chambius

Gingerichia

Litocherus

Litomylus

Macrocranion

Louisina_marci

Teilhardimys_brisswalteri

Louisina_mirabilis

Monshyus

Prolouisina

Thryptodon

Teilhardimys_musculus

Teilhardimys_reisi

Order Condylarthra 

Family Louisinidae 

Published taxa 37 

Published characters 89 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 37 

Characters used for calculations 67 

Median bootstrap value 79 

F90 0.19 

Stress of 3D MDS 0.14 

kmin 5 

Conclusion Inc 

Notes: BDC implies discontinuity within Louisinidae, but no clustering evident in MDS 
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Aletodon_spp

Litomylus_dissentaneus

Dorraletes_diminutivus

Haplomylus_spp

Haplaletes_disceptatrix

Haplaletes_pelicatus

Bubogonia_saskia

Protoselene_spp

Hyopsodus_spp

Lessnessina_spp

Litaletes_disjunctus

Promioclaenus_acolytus

Chacomylus_sladei

Litomylus_orthronepius

Valenia_wilsoni

Molinodus_suarezi

Choeroclaenus_turgidunculus

Apheliscus_spp

Phenacodaptes_sabulosus

Gingerichia_spp

Mioclaenus_turgidus

Utemylus_spp

Dipavali_petri

Louisina_atavella

Louisina_mirabilis

Paschatherium_spp

Microhyus_spp

Williamson, T.E. and A. Weil. 2011. A new Puercan (early Paleocene) hyopsodontid “condylarth” from New 

Mexico. Acta Palaeontologica Polonica 56:247-255.

Characters: Dental and postcranial

Order Condylarthra 

Family Hyopsodontidae 

Published taxa 30 

Published characters 59 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 27 

Characters used for calculations 44 

Median bootstrap value 78 

F90 0.22 

Stress of 3D MDS 0.22 

kmin 8 

Conclusion Inc 

Notes: BDC reveals two groups of taxa, but MDS shows a diffuse cluster. Clear discontinuity is not 

evident. 

Green: Louisinidae

Blue: Hyopsodontidae
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Andinodus_boliviensis

Pucanodus_gagnieri

Tiuclaenus_minutus

Molinodus_suarezi

Simoclaenus_sylvaticus

Didolodus_magnus

Didolodus_minor

Didolodus_multicuspis

Ernestokokenia_chaishoer

Ernestokokenia_yirunhor

Ernestokokenia_nitida

Paulogervaisia_inusta

Paulacoutoia_protocenica

Phenacodus_primaevus

Escribania_chubutensis

Escribania_talonicuspis

Raulvaccia_peligrensis

Umayodus_raimondi

Lamegoia_conodonta

Protungulatum_donnae

Gelfo, J.N. and B. Sigé. 2011. A new didolodontid mammal from the Late Paleocene-Earliest Eocene of Laguna 

Umayo, Peru. Acta Palaeontologica Polonica 56:665-678.

Characters: Dental

Order Condylarthra 

Family Didolodontidae 

Published taxa 20 

Published characters 41 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 20 

Characters used for calculations 25 

Median bootstrap value 74 

F90 0.13 

Stress of 3D MDS 0.2 

kmin 5 

Conclusion HB? 

Notes: Didolodontidae is well separated from the outgroup in both BDC and MDS results. Phenacodus is 

also part of the Dipolodontidae in both analyses. Didolodontidae + Phenacodus is likely a holobaramin. 

Phenacodus
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Albanohyus
Cainochoerus

Schizochoerus

E tenarezensis
L. jeanneli

L. splendens
K. gigas

K. massai
Lo. kidogosana

Na. moruoroti
Aureliachoerus

Hyot major
Hyot meissneri

Hyot shanwangense
Hyot soemmeringi

Xenohyus
Chleuastochoerus

Nguruwe
Chicochoerus

Kenyasus
Conohyus

Tetraconodon
Parachleuastochoerus

Nyanzachoerus
Microstonyx

Sus
Cebochoerus

Microbunodon
Siamotherium

Cynorca
Tayassu

Diamantohyus
Doliochoerus

Palaeochoerus
Perchoerus
Taucanamo

Orliac, M.J., A. Pierre‐Olivier, and S. Ducrocq. 2010. Phylogenetic relationships of the Suidae (Mammalia, 

Cetartiodactyla): new insights on the relationships within Suoidea. Zoologica Scripta 39:315-330.

Characters: Dental

Order Artiodactyla 

Family Suidae 

Published taxa 41 

Published characters 125 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 36 

Characters used for calculations 87 

Median bootstrap value 79 

F90 0.28 

Stress of 3D MDS 0.2 

kmin 8 

Conclusion HB 

Notes: BDC supports recognizing Suidae as a holobaramin.  MDS is less clear, but the suids are definitely 

separated from the outgroup taxa.
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MMK

A. harvardi

Hexaprotodon

A. lothagamensis

LMK

MMK

Anthracotherium

Bothriogenys

Elomeryx

Siamotherium

Libycosaurus

Merycopotamus

Cebochoerus

Conohyus

Hyotherium

Xenohyus

Kenyasus

Doliochoerus

Palaeochoerus

Taucanamo

Pecari

Schizochoerus

Diacodexis

Gujaratia

Gobiohyus

Boisserie, J.R., F. Lihoreau, M. Orliac, R.E. Fisher, E.M. Weston, and S. Ducrocq. 2010. Morphology and 

phylogenetic relationships of the earliest known hippopotamids (Cetartiodactyla, Hippopotamidae, 

Kenyapotaminae). Zoological Journal of the Linnean Society 158:325-366.

Characters: Craniodental and postcranial

Order Artiodactyla 

Family Hippopotamidae 

Published taxa 24 

Published characters 87 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 24 

Characters used for calculations 81 

Median bootstrap value 84 

F90 0.38 

Stress of 3D MDS 0.16 

kmin 7 

Conclusion HB? 

Notes: Both MDS and BDC reveal a distinct cluster of hippopotamids separate from other taxa. In the 

BDC results, the composite taxon “Middle Miocene Kenyapotamines” (MMK) shares significant, postiive 

BDC with four outgroup taxa, but the correlations all have low bootstrap values.  The MDS results reveal 

MMK well separated from the outgroup taxa.  Thus, Hippopotamidae is probably a holobaramin.

A61



A_acrid_Toledo_Bend

A_meridionalis

A_acridens

E_armatus

E_crispus

E_borbonicus

A_zelteni

H_blandfordi

S_palaeindicus

M_dissimilis

M_medioximus

M_pusillus

L_anisae

L_petrocchii

A_americanus

B_velaunus

B_aequatorialis

B_onoideus

B_fraasi

A_thailandicus

M_minimun

M_silistrensis

A_ulnifer

A_chaimanei

A_pangan

A_magnum

A_mosvialense

H_occidentalis

S_krabiense

Rincon, A.F., J.I. Bloch, B.J. MacFadden, and C.A. Jaramillo. 2013. First central American record of 

Anthracotheriidae (Mammalia, Bothriodontinae) from the early Miocene of Panama. Journal of Vertebrate 

Paleontology 33:421-433.

Characters: Craniodental

Order Artiodactyla 

Family Anthracotheriidae 

Published taxa 29 

Published characters 51 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 29 

Characters used for calculations 41 

Median bootstrap value 73 

F90 0.28 

Stress of 3D MDS 0.15 

kmin 4 

Conclusion Inc 

Notes: No evidence of discontinuity. 
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Michenia

Poebrotherium

Protolabis

Tanymykter

Lama castelnaudi

Lama guanicoe

V. provicugna

V. vicugna

Aepycamelus

Pleiolama

Gigantocamelus

Megacamelus

Megatylopus

H. blancoensis

Procamelus

Camelus

P. major

P. mirifica

P. weddelli

Alforjas

Camelops

H. macrocephala

H. paradoxa

H. edensis

H. gracilis

Michenia

Poebrotherium

Protolabis

Tanymykter

Lama castelnaudi

Lama guanicoe

V. provicugna

V. vicugna

Scherer, C.S. 2013. The Camelidae (Mammalia, Artiodactyla) from the Quaternary of South America: cladistic and 

biogeographic hypotheses. Journal of Mammalian Evolution 20:45-56.

Characters: Craniodental and postcranial

Order Artiodactyla 

Family Camelidae 

Published taxa 25 

Published characters 35 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 10 

Characters used for calculations 25 

Median bootstrap value 71 

F90 0.23 

Stress of 3D MDS 0.14 

kmin 3 

Conclusion HB? 

Notes: Somewhat ambiguous BDC, with significant, negative BDC between basal camelids Protolabis, 

Poebrotherium, Tanymykter, and Michenia and the rest of the camelids. MDS reveals clearer evidence of 

discontinuity, suggesting provisionally that Camelidae sensu stricto (excluding basal camelids) is a 

holobaramin.
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Amphitragulus

Blastomeryx

Dremotherium

Namibiomeryx

Sperrgebietomeryx

Orangemeryx

Hispanomeryx

Micromeryx

M. grandeavus

Moschus

Sanchez, I.M., M.S. Domingo, and J. Morales. 2010. The genus Hispanomeryx (Mammalia, Ruminantia, 

Moschidae) and its bearing on musk deer phylogeny and systematics. Palaeontology 53:1023-1047.

Characters: Craniodental and postcranial

Order Artiodactyla 

Family Moschidae 

Published taxa 10 

Published characters 71 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 10 

Characters used for calculations 40 

Median bootstrap value 86 

F90 0.38 

Stress of 3D MDS 0.08 

kmin 4 

Conclusion MB 

Notes: Moschidae is a definite cluster in the BDC results, but there is little significant, negative BDC. 

MDS shows Moschidae adjacent to outgroup taxa. Moschidae is a monobaramin.
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Axis axis

Axis porcinus

Cervus eldi

Muntiacus spp.

Cervus canadensis

Cervus elaphus

Cervus nippon

Dama dama

Dama mesopotamica

Megaloceros giganteus

Lister, A.M., C.J. Edwards, D.A.W. Nock, M. Bunce, I.A. Van Pijlen, D.G. Bradley, M.G. Thomas, and I. Barnes. 

2005. The phylogenetic position of the ‘giant deer’ Megaloceros giganteus. Nature 438:850-853.

Characters: Craniodental and postcranial

Megaloceros giganteus

Dama

Cervus

Order Artiodactyla 

Family Cervidae 

Published taxa 10 

Published characters 74 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 10 

Characters used for calculations 74 

Median bootstrap value 100 

F90 0.69 

Stress of 3D MDS 0.23 

kmin 7 

Conclusion Inc 

Notes: Very few correlations in BDC, and a diffuse cluster of taxa in MDS. No clear discontinuity is 

evident. 
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Adinotherium ovinum

Nesodon imbricatus

P. leptognathum

Argyrohippus fraterculus

Argyrohippus praecox

Eomorphippus obscurus

Eurygenium latirostris

Eurygenium pacegnum

Mendozahippus fierensis

P. boliviensis

R. brasiliensis

Rhynchippus equinus

Rhynchippus pumilus

Leontinia gaudryi

Scarrittia canquelensis

P. complicatissimus

Puelia coarctatus

Pampahippus arenalesi

Pleurostylodon modicus

Cerdeño, E. and B. Vera. 2010. Mendozahippus fierensis, gen. et sp. nov., new Notohippidae (Notoungulata) from 

the late Oligocene of Mendoza (Argentina). Journal of Vertebrate Paleontology 30:1805-1817.

Characters: Craniodental and postcranial

Order Notoungulata 

Family Notohippidae 

Published taxa 19 

Published characters 38 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 19 

Characters used for calculations 29 

Median bootstrap value 73 

F90 0.13 

Stress of 3D MDS 0.14 

kmin 4 

Conclusion Inc 

Notes: BDC reveals two groups with substantial overlap, and MDS confirms. No clear discontinuity is 

evident. 
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Adinotherium_ovinum

Nesodon_imbricatus

Argyrohippus_fraterculus

Rhynchippus_equinus

Rhynchippus_pumilus

Eurygenium_pacegnum

Federicoanaya_sallaensis

Protypotherium_australe

Hegetotherium_mirabile

Mesotherium_cristatum

Trachytherus_alloxus

Anisotemnus_distentus

Colbertia_magellanica

Thomashuxleya_externa

Anayatherium_ekecoa

Anayatherium_fortis

Scarrittia_canquelensis

Ancylocoelus_frequens

Leontinia_gaudryi

Coquenia_bondi

Elmerriggsia_fieldia

Martinmiguelia_fernandezi

Homalodotherium_cunninghami

Colpodon_antucoensis

Colpodon_propinquus

Huilatherium_pluriplicatum

Taubatherium_paulacoutoi

Schockey, B.J., J.J. Flynn, D.A. Croft, P. Gans, and R.A. Wyss. 2012. New leontiniid Notoungulata (Mammalia) 

from Chile and Argentina: comparative anatomy, character analysis, and phylogenetic hypotheses. American 

Museum Novitates 3737:1-64.

Characters: Craniodental and postcranial

Order Notoungulata 

Family Leontiniidae 

Published taxa 27 

Published characters 83 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 27 

Characters used for calculations 36 

Median bootstrap value 90 

F90 0.49 

Stress of 3D MDS 0.13 

kmin 4 

Conclusion HB 

Notes: BDC and MDS reveal two groups corresponding to Leontiniidae and the outgroup. They are well 

separated in both analyses. Leontiniidae is likely a holobaramin.
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Homalodotherium cunninghami



A68

Adinotherium_ovinum_A_robustum

Nesodon_imbricatus

Nesodon_taweretus

Leontinia_gaudri

Scarritia_canquelensis

Pampahippus_arenalesi

Proadinotherium_leptognathum

Rhynchippus__pumilus_R_equinus

Andinotoxodon_bolivariensis

Hyperoxotodon_speciosus

Palyeidodon_obtusum

Pericotoxodon_platignathus

Calchaquitherium_mixtum

Dinotoxodon_paranensis

Toxodon_platensis

Pisanodon_nazari

Gyrinodon_quassus

Mixotoxodon_larensis

Hoffstetterius_imperator

Ocnerotherium_intermedium

Nonotherium_henningi

Posnanskytherium_desaguaderoi

Xotodon_major_X_cristatus

Paratrigodon_euguii

Trigodon_gaudri

Forasiepi, A.M., E. Cerdeno, M. Bond, G.I. Schmidt, M. Naipauer, F.R. Straehl, A.G. Martinelli, A.C. Garrido, 

M.D. Schmitz, and J.J. Crowley. 2015. New toxodontid (Notoungulata) from the early Miocene of Mendoza,

Argentina. Paläontologische Zeitschrift 89:611-634.

Characters: Craniodental

Order Notoungulata 

Family Toxodontidae 

Published taxa 25 

Published characters 59 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 25 

Characters used for calculations 33 

Median bootstrap value 86 

F90 0.38 

Stress of 3D MDS 0.14 

kmin 4 

Conclusion HB 

Notes: Two groups of taxa are distinguishable in the BDC and MDS results. The four outgroup taxa 

cluster with four basal toxodontids. Toxodontidae sensu stricto is a holobaramin.



Acropithecus

Notopithecinae

Eopachyrucos

Proargyrohyrax

Plagiarthrus

Santiagorothia

Archaeophylus

Progaleopithecus

Cochilius

Interatherium

Miocochilius

Protypotherium

Reguero, M.A., M. Ubilla, and D. Perea. 2003. A new species of Eopachyrucos (Mammalia, Notoungulata, 

Interatheriidae) from the late Oligocene of Uruguay. Journal of Vertebrate Paleontology 23:445-457.

Characters: Craniodental and postcranial

Order Notoungulata 

Family Interatheriidae 

Published taxa 12 

Published characters 30 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 12 

Characters used for calculations 26 

Median bootstrap value 78.5 

F90 0.23 

Stress of 3D MDS 0.08 

kmin 3 

Conclusion Inc 

Notes: BDC reveals two groups with no overlap, neither of which corresponds to a named taxonomic 

group. The MDS does not confirm these groups but instead shows separation between the ingroup 

Interatheriinae and two taxa corresponding to the outgroup Acropithecus and the composite interatheriid 

subfamily Notopithecinae. These results are inconclusive. 
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A70

Antepithecus

Colbertia

Notopithecus

Guilielmoscottia

Transpithecus

Punapithecus

Archaeophylus

Salla_new_taxonA

Salla_new_taxonB

Cochilius

Interatherium

Plagiarthrus

Miocochilius

Protypotherium

Proargyrohyrax

Santiagorothia_chiliensis

Johnbell_hatcheri

Hitz, R.B., J.J. Flynn, and A.R. Wyss. 2006. New basal Interatheriidae (Typotheria, Notoungulata, Mammalia) from 

the Paleogene of Central Chile. American Museum Novitates 3520:1-32.

Characters: Craniodental

Johnbell

Order Notoungulata 

Family Interatheriidae 

Published taxa 21 

Published characters 43 

Character relevance 0.75 

Taxic relevance 0.45 

Taxa used for calculations 17 

Characters used for calculations 21 

Median bootstrap value 98 

F90 0.76 

Stress of 3D MDS 0.04 

kmin 3 

Conclusion HB 

Notes: BDC and MDS support a distinct Interatheriidae cluster. The interatheriid Punapithecus clusters 

with the outgroup, and another, Johnbell, shares no BDC with any other taxa. Interatheriidae sensu stricto 

could be a holobaramin. 



Archaeohyrax patagonicus

Archaeohyrax suniensis

Archaeotypotherium

Mesotheriidae

Pseudhyrax

Notopithecus adapinus

Oldfieldthomasia debilitata

Hegetotherium

Hemihegetotherium

Prohegetotherium schiaffinoi

Sallatherium

Other Pachyrukhinae

Propachyrukhos Prosotherium

Billet, G., B. Patterson, and C. De Muizon. 2009. Craniodental anatomy of late Oligocene archaeohyracids

(Notoungulata, Mammalia) from Bolivia and Argentina and new phylogenetic hypotheses. Zoological Journal of 

the Linnean Society 155:458-509.

Characters: Craniodental and postcranial

Order Notoungulata 

Family Hegetotheriidae 

Published taxa 15 

Published characters 39 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 13 

Characters used for calculations 32 

Median bootstrap value 82.5 

F90 0.29 

Stress of 3D MDS 0.07 

kmin 3 

Conclusion HB 

Notes: Hegetotheriidae and outgroup taxa are well-separated in both BDC and MDS results. 

Hegetotheriidae is likely a holobaramin. 
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Albertogaudrya

Astraponotus

Eoastrapostylops

Trigonostylops

Tetragonostylops

Maddenia

Astrapothericulus

Astrapotherium

Parastrapotherium

Comahuetherium

Granastrapotherium

Hilarcotherium

Xenastrapotherium

Vallejo-Pareja, M.C., J.D. Carrillo, J.W. Moreno-Bernal, M. Pardo-Jaramillo, D.F. Rodriguez-Gonzalez, and J. 

Muñoz-Duran. 2015. Hilarcotherium castanedaii, gen. et sp. nov., a new Miocene astrapothere (Mammalia, 

Astrapotheriidae) from the Upper Magdalena Valley, Colombia. Journal of Vertebrate Paleontology 35:e903960.

Characters: Craniodental

Order Astrapotheria 

Family Astrapotheriidae 

Published taxa 15 

Published characters 64 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 13 

Characters used for calculations 45 

Median bootstrap value 93 

F90 0.59 

Stress of 3D MDS 0.09 

kmin 5 

Conclusion HB 

Notes: BDC and MDS reveal two well-separated groups. One astrapotheriid Astraponotus clusters with 

the outgroup taxa, and Maddenia does not cluster with either larger group. Astrapotheriidae sensu stricto 

(excluding Astraponotus and Maddenia) is probably a holobaramin.



Alcidedorbignya inopinata

Etayoa bacatensis

Notoetayoa gargantuai

Asmithwoodwardia scotti

Didolodus multicuspis

Carodnia cf. feruglioi

Carodnia vieirai

Carodnia feruglioi

Carodnia inexpectans sp. nov.

Antoine, P.O., G. Billet, R. Salas-Gismondi, J.T. Lara, P. Baby, S. Brusset, and N. Espurt. 2015. A new Carodnia

Simpson, 1935 (Mammalia, Xenungulata) from the early Eocene of Northwestern Peru and a phylogeny of 

xenungulates at species level. Journal of Mammalian Evolution 22:129-140.

Characters: Craniodental

Order Xenungulata 

Family Carodniidae 

Published taxa 9 

Published characters 34 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 9 

Characters used for calculations 28 

Median bootstrap value 92.5 

F90 0.53 

Stress of 3D MDS 0.1 

kmin 3 

Conclusion HB? 

Notes: BDC and MDS reveal two well-separated groups of Carodniidae and outgroup taxa. Carodniidae is 

likely a holobaramin. 
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Anchilophus dumasi

Paranchilophus remyi

Lophiotherium cervulum

Palaeotherium magnum

Plagiolophus minor

Cardiolophus radinskyi

Hallensia matthesi

Pliolophus vulpiceps

Cymbalophus cuniculus

Pachynolophus hookeri

Hyracotherium aff. cuniculus

Pachynolophus boixedatensis

Pachynolophus cesserasicus

Pachynolophus duvali

Pachynolophus livinierensis

Pachynolophus eulaliensis

Xenicohippus osborni

Hyracotherium leporinum

Propachynolophus gaudryi

Propachynolophus levei

Propachynolophus maldani

Eurohippus parvulus

Pachynolophus bretovensis

Pachynolophus garimondi

Pachynolophus lavocati

Pachynolophus zambranensis

Danilo, L., J.A. Remy, M. Vianey-Liaud, B. Marandat, J. Sudre, and F. Lihoreau. 2013. A new Eocene locality in 

southern France sheds light on the basal radiation of Palaeotheriidae (Mammalia, Perissodactyla, 

Equoidea). Journal of Vertebrate Paleontology 33:195-215.

Characters: Craniodental

Order Perissodactyla 

Family Palaeotheriidae 

Published taxa 26 

Published characters 72 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 26 

Characters used for calculations 57 

Median bootstrap value 81 

F90 0.22 

Stress of 3D MDS 0.25 

kmin 8 

Conclusion HB? 

Notes: BDC indicates good evidence for discontinuity around a group of five taxa corresponding to clade 

17 in Danilo et al.’s (2013) Figure 9. MDS seems to support the separation of this cluster of taxa.  Clade 

17 includes Palaeotheriinae (Plagiolophus minor, Palaeotherium magnum) and three additional taxa 

included here: Lophiotherium cervulum, Paranchilophus remyi, and Anchilophus dumasi.  Clade 17 could 

be a holobaramin.
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Clade 17

Clade 17



Danjiangia
Lambdotherium

Hyracotherium
Pachynolophus

Dianotitan lunanensis
Duchesneodus uintensis

Eubrontotherium clarn
Protitanops curryi

Parabrontops gobiensis
Megacerops coloradensis

Notiotitanops mississi
Megacerops kuwakata

Embolotherium andrewsi
Embolotherium grangeri

Protembolotherium efr
Diplacodon elatus

Protitanotherium emarg
Gnathotitan berkeyi

Ktautitan hippopot
Rhinotitan andrewsi

Rhinotitan kaiseni
Protitan grangeri

Protitan minor
Metatitan khaitshinus

Metatitan primus
Metatitan relictus

Dolichorhinus hyog
Mesatirhinus junius

Sphenocoelus uinten
Epimanteoceras formosus

Qufutitan zhoui
Fossendorhinus diplo

Metarhinus abbotti
Metarhinus fluviatilis

Metatelmatherium ulti
Wickia brevirhinus

Telmatherium validus
Sthenodectes incisivum

Eotitanops
Palaeosyops

Mihlbachler, M.C. 2008. Species taxonomy, phylogeny, and biogeography of the Brontotheriidae (Mammalia: 

Perissodactyla). Bulletin of the American Museum of Natural History 311:1-475.

Characters: Craniodental

Order Perissodactyla 

Family Brontotheriidae 

Published taxa 51 

Published characters 87 

Character relevance 0.75 

Taxic relevance 0.5 

Taxa used for calculations 40 

Characters used for calculations 81 

Median bootstrap value 94 

F90 0.53 

Stress of 3D MDS 0.17 

kmin 7 

Conclusion HB? 

Notes: In BDC, the Brontotheriidae are well separated from the outgroup, except for two brontotheres, 

Paleosyops and Eotitanops, which share significant, positive BDC with all outgroup taxa. The MDS 

shows an arc of taxa but with a separation between the outgroup and the Brontotheriidae. This suggests 

that the correlations involving the outgroups, Paleosyops, and Eotitanops are a result of the linear 

geometry of the brontothere taxa. Taken together, this suggests that Brontotheriidae is likely a 

holobaramin.
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Ansiodon grande

Eomoropus amarorum

Grangeria anarsius

Eomoropus quadridentatus

Moropus elatus

SDM 84006

Schizotherium avitum

Eomoropus pawnyunti

Grangeria canina

Litolophus gobiensis

Cardiolophus radinskyi

Homogalax wutuensis

Heptodon calciculus

Hyrachyus eximius

Lophiodon remensis

Lophiaspis maurettei

Protomoropus gabuniai

Bai, B., Y. Wang, and J. Meng. 2010. New craniodental materials of Litolophus gobiensis (Perissodactyla, 

“Eomoropidae”) from Inner Mongolia, China, and phylogenetic analyses of Eocene chalicotheres. American 

Museum Novitates 3688:1-27.

Characters: Craniodental

Lophiaspis maurettei

Protomoropus gabuniai

Red: outgroup

Green: Eomoropidae

Blue: other chalicotheres

Grangeria canina

Litolophus gobiensis
Order Perissodactyla 

Family Chalicotheriidae 

Published taxa 21 

Published characters 58 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 17 

Characters used for calculations 38 

Median bootstrap value 77 

F90 0.16 

Stress of 3D MDS 0.2 

kmin 6 

Conclusion HB? 

Notes: The BDC results reveal two groups of taxa, corresponding roughly to the chalicotheres and other 

taxa.  The two groups are well-separated, but the chalicothere Protomoropus is part of the outgroup.  The 

chalicothere Lophiaspis does not share significant BDC with any other taxa.  The MDS results reveal the 

same groups with Protomoropus in the outgroup cluster and Lophiaspis in between the two clusters. The 

chalicotheres (excluding Protomoropus and Lophiaspis) are likely a holobaramin. 
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Becker, D., P.O. Antoine, and O. Maridet. 2013. A new genus of Rhinocerotidae (Mammalia, Perissodactyla) from 

the Oligocene of Europe. Journal of Systematic Palaeontology 11:947-972.

Characters: Craniodental and postcranial

Aceratherium_incisivum

Hoploaceratherium_tetradactylum

Alicornops_simorrense

Pleuroceros_blanfordi

Pleuroceros_pleuroceros

Diceratherium_armatum

Subhyracodon_occidentale

Plesiaceratherium_mirallesi

Protaceratherium_minutum

Hyrachyus_eximius

Trigonias_osborni

Tapirus_terrestris

Ronzotherium_filholi

Epiaceratherium_bolcense

Epiaceratherium_magnum

Mesaceratherium_welcommi

Molassitherium_albigense

Molassitherium_delemontense

Dicerorhinus_sumatrensis

Rhinoceros_sondaicus

Rhinoceros_unicornis

Diceros_bicornis

Lartetotherium_sansaniense

Prosantorhinus_douvillei

Teleoceras_fossiger

Bugtirhinus_praecursor

Menoceras_arikarense

Hispanotherium_beonense

Order Perissodactyla 

Family Rhinocerotidae 

Published taxa 30 

Published characters 214 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 28 

Characters used for calculations 161 

Median bootstrap value 89 

F90 0.45 

Stress of 3D MDS 0.34 

kmin 15 

Conclusion Inc 

Notes: No evidence of discontinuity. 
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Cardiolophus

Phenacodus intermedius

Pachynolophus livinierensis

Eomoropus amarorum

Litolophus gobiensis

Lophiaspis maurettei

Lophiaspis occitanicus

Eolophiodon laboriense

Lophiodon baroensis

Paralophiodon buchsowillanum

Paralophiodon isselense

Paralophiodon leptorhynchum

Lophiodon remense

Lophiodon tapirotherium

Lophiodon rhinocerodes

Lophiodon lautricense

Robinet, C., J.A. Remy, J.A., Y. Laurent, L. Danilo, and F. Lihoreau. 2015. A new genus of Lophiodontidae

(Perissodactyla, Mammalia) from the early Eocene of La Borie (Southern France) and the origin of the genus 

Lophiodon Cuvier, 1822. Geobios 48:25-38.

Characters: Craniodental

Order Perissodactyla 

Family Lophiodontidae 

Published taxa 18 

Published characters 149 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 16 

Characters used for calculations 118 

Median bootstrap value 77 

F90 0.28 

Stress of 3D MDS 0.24 

kmin 10 

Conclusion HB 

Notes: BDC and MDS both support two distinct groups, one consisting of subfamily Lophiodontinae 

(Lophiodon, Paralophiodon, and Eolophiodon), and the other containing all other taxa. Lophiodontinae is 

likely a holobaramin. 

Lophiodontinae

Lophiaspis,

Eomoropus,

Litolophus
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Phosphatherium escuilliei

Prorastomus sirenoides

Protosiren fraasi

Anomotherium langewieschei

Miosiren kocki
Bharatisiren indica

Bharatisiren kachchhensis
Crenatosiren olseni
Caribosiren turneri

Metaxytherium crataegense
Metaxytherium medium

Metaxytherium floridanum
Metaxytherium serresii

Metaxytherium krahuletzi
Metaxytherium arctodites

Metaxytherium subapenninum

Halitherium christolii
Halitherium schinzii

Halitherium taulannense
Halitherium bellunense

Dusisiren jordani
Hydrodamalis gigas

Trichechus senegalensis

Corystosiren varguezi
Dugong dugon

Rytiodus capgrandi
Rytiodus sp

Dioplotherium allisoni
Xenosiren yucateca

Dioplotherium manigaulti

Phosphatherium escuilliei
Prorastomus sirenoides

Protosiren fraasi

Sorbi, S. 2008. The Neogene Euro-North African Sirenia: phylogenetic and systematic study, palaeoecological and 

palaeobiogeographic considerations. Ph.D. Dissertation. Pisa: Università di Pisa.

Characters: Craniodental

Order Uranotheria 

Infraorder Sirenia 

Published taxa 32 

Published characters 57 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 7 

Characters used for calculations 50 

Median bootstrap value 78 

F90 0.33 

Stress of 3D MDS 0.16 

kmin 5 

Conclusion HB 

Notes: BDC and MDS both support two groups: 1. The outgroup Phosphatherium escuilliei together with 

the sirenians Protosiren fraasi and Prorastomus sirenoides. 2. The rest of the Sirenia. There is significant, 

positive BDC with low bootstrap values only between Halitherium taulannense and the two sirenians that 

cluster with the outgroup, but in the MDS results, Halitherium taulannense is part of the sirenian cluster 

and separate from the three taxa in the outgroup cluster. We may infer that Sirenia sensu stricto 

(excluding Protosiren and Prorastomus) is a holobaramin. 
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Behemotops katsuiei

Behemotops proteus

Moeritherium

Pezosiren portelli

Cornwallius sookensis

Desmostylus hesperus

Vanderhoofius coalingensis

Paleoparadoxia tahatai

Paleoparadoxia weltoni

Beatty, B.L. 2009. New material of Cornwallius sookensis (Mammalia: Desmostylia) from the Yaquina Formation 

of Oregon. Journal of Vertebrate Paleontology 29:894-909.

Characters: Craniodental

Behernotops

Paleoparadoxia

Order Uranotheria 

Family Desmostylidae 

Published taxa 10 

Published characters 37 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 9 

Characters used for calculations 25 

Median bootstrap value 83.5 

F90 0.28 

Stress of 3D MDS 0.1 

kmin 3 

Conclusion HB? 

Notes: BDC results reveal three clusters: 1. the Palaeoparadoxia species, 2. the desmostylids 

Vanderhoofius, Desmostylus, and Cornwallius, and 3. the remaining taxa.  There is significant, negative 

BDC between the restricted desmostylid group and the outgroup taxa.  Bootstrap values for all BDC are 

poor.  The MDS results reveal four clusters, separating the Behemotops species from the remaining 

outgroup taxa.  We may provisionally accept the restricted Desmostylidae sensu stricto (Vanderhoofius, 

Desmostylus, and Cornwallius) as a holobaramin. 
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Afrohyrax_championi

Antilohyrax_pectidens

Titanohyrax_sp._nov.

Bunohyrax_fajumensis

Pachyhyrax_crassidentatus

Megalohyrax_eocaenus

Megalohyrax_sp._nov.

Thyrohyrax_litholagus

Thyrohyrax_domorictus

Thyrohyrax_pygmaeus

Thyrohyrax_meyeri

Dimaitherium_patnaiki

Saghatherium_antiquum

Saghatherium_bowni

Procavia_capensis

Barytherium_spp.

Numidotherium_koholense

Moeritherium_spp.

Phosphatherium_escuilliei

Phiomia_spp.

Loxodonta_africana

Seiffert, E.R., S. Nasir, A. Al-Harthy, J.R. Groenke, B.P. Kraatz, N.J. Stevens, and A.R. Al-Sayigh. 2012. Diversity 

in the later Paleogene proboscidean radiation: a small barytheriid from the Oligocene of Dhofar Governorate, 

Sultanate of Oman. Naturwissenschaften 99:133-141.

Characters: Craniodental, postcranial, soft tissue

Order Hyracoidea 

Family Procaviidae 

Published taxa 63 

Published characters 422 

Character relevance 0.75 

Taxic relevance 0.4 

Taxa used for calculations 21 

Characters used for calculations 208 

Median bootstrap value 100 

F90 0.75 

Stress of 3D MDS 0.25 

kmin 15 

Conclusion HB 

Notes: Procaviidae is well separated from the outgroup taxa in BDC and MDS results.  Procaviidae is 

likely a holobaramin.
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Amebelodon

Platybelodon

Protanancus

Serbelodon

Archaeobelodon

Gomphotherium

Eubelodon

Gnathabelodon

Sinomastodon

Rhynchotherium

Cuvieronius_hyodon

Stegomastodon_platensis

Stegomastodon_waringi

Phiomia

Cozzuol, M.A., D. Mothé, and L.S. Avilla. 2012. A critical appraisal of the phylogenetic proposals for the South 

American Gomphotheriidae (Proboscidea: Mammalia). Quaternary International 255:36-41.

Characters: Craniodental and postcranial

Order Proboscidea 

Family Gomphotheriidae 

Published taxa 14 

Published characters 43 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 14 

Characters used for calculations 34 

Median bootstrap value 85 

F90 0.33 

Stress of 3D MDS 0.11 

kmin 5 

Conclusion HB? 

Notes: Gomphotheriidae is well separated from the outgroup taxa in BDC and MDS results.  

Gomphotheriidae is likely a holobaramin; although, the outgroup may not be suitable for these taxa.
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Anancus_arvernensis

Gomphotherium_angustidens

Mammut_americanum

Elephas_maximus

Elephas_planifrons

Loxodonta_africana

Palaeoloxodon_mnaidriensis

Mammuthus_meridionalis

Mammuthus_primigenius

Barytherium_grave

Numidotherium_koholense

Moeritherium_trigodon

Phiomia_serridens

Phophatherium_escuillei

Procavia_capensis

Prodeinotherium_hobley

Ferretti, M.P. and R. Debruyne. 2010. Anatomy and phylogenetic value of the mandibular and coronoid canals and 

their associated foramina in proboscideans (Mammalia). Zoological Journal of the Linnean Society 161:391-413.

Characters: Cranial

Order Proboscidea 

Family Elephantidae 

Published taxa 16 

Published characters 10 

Character relevance 0.75 

Taxic relevance 0 

Taxa used for calculations 16 

Characters used for calculations 10 

Median bootstrap value 97 

F90 0.61 

Stress of 3D MDS 0.03 

kmin 3 

Conclusion HB? 

Notes: BDC and MDS reveal Elephantidae clearly separated from the outgroup taxa. Elephantidae is 

likely a holobaramin. The ten characters are not remotely holistic, so the elephantid holobaramin should 

be considered extremely provisional.
A83

Anancus avernensis
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