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1. SUPPLEMENTARY METHODS

a) Formation of the supertree

A large number of methods exist for combining phylogenetic hypotheses into a
supertree. “Matrix representation with parsimony” (MRP), developed independently by
Baum® and Ragan? is the most frequently used and has been subjected to extensive analyses
regarding its performance and biases®”. This method treats each node in each source tree as a
character. If a species is a descendant of a particular node in a particular source tree, it is
scored as “1” for the character representing that node. If it is not a descendant of the node it is
scored as “0”. Species not included in that source tree are scored as “?”. These “characters”
are combined into a matrix which may be subjected to a parsimony analysis, rooted on an all-
0 outgroup.

All published hypotheses of phylogenetic relationships created using computer
algorithms (rather than manually generated) containing 3 or more amniote or diadectomorph
taxa from the time period under study were considered as source trees for the analysis. In
order that the supertree input data was “accountable” (a concern raised by Gatesy et al. (8)),
published trees which did not include full details of their method e.g. did not include a
character matrix, details of algorithms and outgroups used, were rejected.

In order to reduce instances of tree non-independence (another issue raised by Gatesy
et al.®; including many trees based on the same character list would bias the supertree towards
topologies based on those characters) the following procedure was followed (modified from®):
(1) if one study uses a character list and a taxon list that is identical to, or a subset of, another
analysis, then only the more inclusive study was included as a source tree; (2) if one study
uses a character list which is identical to, or a subset of, another analysis, but the taxon lists
are not identical nor is one a subset of the other, then a mini supertree (using the MRP
method) was constructed of the two or more trees. This mini supertree was included as a

source tree; (3) if a study uses different methods to analyse the same dataset e.g. analysing the



dataset using both parsimony and Bayesian methods, a mini supertree was constructed from
the results of each analysis, and this mini supertree was included as a source tree.

After pruning the list of published phylogenetic analyses in this way, 177 source trees
remained (see below). These trees then needed to be standardised with respect to the
taxonomic level: different phylogenetic analyses study phylogeny at different levels: the
family, genus or species level. This is a problem when combining trees, as the greatest
resolution is wanted, but not all studies are undertaken at the species level. The following
procedures were carried out to standardise the level of the source trees: (1) If a taxon is not
studied at species level in any included analysis, then it is included at the genus or family
level in all source trees e.g., Sphenacodon spp., Mesosauridae (2) If the paper specifies that
their coding for a higher level taxon above the level of species is based primarily on a
particular species, then that species is used to replace the higher-level taxon in the source tree.
(3) If ataxon is included at the genus level or higher in one or more studies, and one or more
different studies use more than one different species of that taxon, then all species included in
a phylogenetic analysis are included as a polytomy replacing the higher-level taxon e.g. if
Ophiacodontidae is used as a terminal taxon in a source tree, it is replaced in this analysis
with a polytomy containing Ophiacodon mirus, O.retroversus, Archaeothyris florensis
Varanosaurus acutirostris and Stereophallodon ciscoesnsis. As well as standardising the
taxonomic level of the source trees, the taxonomy was updated; taxa now considered nomina
dubia were removed.

Having been modified in this way, all source trees were incorporated into an MRP
matrix using the program Supertree085b™° (see Supplementary Data 1 for the data supplied to
this program, including all source trees in phylip format). The Baum and Regan method was
used, with all nodes and trees given equal weight. The MRP matrix (Supplementary Data 2)
was subjected to parsimony analysis using the Willi Hennig Society edition of TNT™, using

the sectorial search, parsimony ratchet and drift algorithms. The minimum length was



searched for 100 times. However the MRP matrix of all 177 trees could not be analysed due
to the poor overlap between many of the trees; more trees were produced in a single round of
searches than could be stored in the memory of TNT. In order to deal with this problem, the
list of source trees was divided into 8 categories, based on universal agreement of monophyly:
Synapsida, Parareptilia, Archosauromorpha, Lepidosauriformes, Sauropterygia,
Ichthyopterygia, and “Basal”. The source trees were divided between these categories based
on which clade they were representing the relationships of. Those in the “Basal” category
include studies examining the relationships of multiple clades relative to each other and those
including basal amniotes and basal eureptiles. An MRP matrix was produced for each
category, and a supertree created for each clade, using the programs described above. Because
of the uncertainty surrounding the position of turtles (either within parareptiles or
lepidosauromophs), the categories Parareptilia, Sauropterygia and Basal were combined, and
a single supertree of the taxa in the categories produced in order to test which of these
relationships was best supported. The supertrees produced in each of these separate analyses
were combined, again with MRP.

The final supertree, after collapsing all nodes containing no descendant taxa from the
time interval under study and removing post hoc several taxa whose position could not be
resolved, contained 686 species (Supplementary Data 3). It should be noted that the lack of
resolution of the position of those taxa which needed to be removed was sometimes due to
controversy surrounding their relationships, but it could also be due simply to the fact that a
species had not been tested against a wide enough sample of taxa for the MRP method to
resolve its position e.g. the assignment to Nothosaurus of N. haasi, N. jagisteus, N. edingerae,
N. marchicus, N. winterswijkensis, N. youngi, N. juvenilis, N. tchernovi, N. winkelhorsti, N.
yangiuanensis is not currently controversial and was supported in a recent study'?. However,

since this study employed few outgroup taxa and no other study has included any



Nothosaurus species other than the type and N. giganteus, the MRP methods could not
resolve the position of all these species relative to other sauropterygians.

It should be noted that molecular analyses have produced an alternative position of
turtles not identified by morphological studies: as the sister to Archosauria™ . Since
molecular studies are not included in this analysis (which only includes tree analysing taxa
present in the Palaeozoic-early Mesozoic), this potential position of turtles is not tested. While
this could potentially affect an analysis of diversification patterns in amniotes later in the
Mesozoic or Cenozoic, it is unlikely to affect this analysis; only four turtle taxa in the
supertree are identified as present and only three have ghost lineages extending into the
Triassic. Their presence in the Lepidosauromorpha in the supertree has not driven any
diversification rate shifts in this clade (only two lepidosauromorph shifts have been identified,
one at the base of Sauropterygia, one within Ichthyopterygia). If they were placed as the sister
to Archosauria, as suggested by the molecular analyses, one of two outcomes could be
observed: 1) the diversification rate shift identified at the base of the Archosauria would
move, instead occurring in the clade containing Archosauria+Chelonia; 2) the shift would be
identified in the same location, and Archosaurs would be shown to have experienced a higher

diversification rate than Chelonia during the Triassic.
b) List of source trees used in the formation of the supertree
For references in which more than one dataset was analysed, the tree used in the study is

identified by the figure in which the results were presented.
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c) List of taxa removed

Basal

Anthracodromeus longiceps
Protorothyris archeri
Cephalerpeton ventriarmatum
Hylonomus lyelli

Hovasaurus boulei
Thadeosaurus colcanapi
Galesphyrus capensis

Kenyasaurus mariakaniensis

Synapsids

Traversodon stahleckeri
Propelanomodon devilliersi
Dicynodon trigonocephalus
Uralokannemeyeria vjuschkovi
Xiyukannemeyeria brevirostris
Zambiasaurus submersus
Prorubidgea spp.

Lystrosaurus youngi
Cteniosaurus platyceps
Mirotenthes digitipes

Ictidostoma hemburyi



Hofmeyria atavus

Euchambersia mirabilis

Parareptilia

Bunostegos akokanensis
Koiloskiosaurus cogburgensis

Nanoparia luckhoffi

Sauropterygia
ELASMOSAURIDAE

Neusticosaurus peyeri
Neusticosaurus.toeplitschi
Neusticosaurus edwardsi
Microcleidus homalospondylus
Saurosphargis volzi
Hanosaurus hupehensis
Wumengosaurus delicatomandibularis
Qianxisaurus chajiangsensis
Dianopachysaurus dingi
Diandongosaurus acutidentatus
Chicenia sungi

Kwangsisaurus orientalis
Sanchiaosaurus dengi
Sinosaurosphargis yunguiensis

Nothosaurus haasi



Nothosaurus giganteus
Nothosaurus jagisteus
Nothosaurus edingerae
Nothosaurus marchicus
Nothosaurus winterswijkensis
Nothosaurus youngi
Nothosaurus juvenilis
Nothosaurus tchernovi
Nothosaurus winkelhorsti
Nothosaurus yangiuanensis

Ceresiosaurus spp.

Lepidosauromorpha

Polysphenodon muelleri

Clevosaurus wangi

Archosauromorpha

Nicrosaurus kapffi
Nicrosaurus meyeri
Eocursor parvus
Mystriosuchus planirostris
Ebrachosuchus neukami
Boreopricea funerea
Jesairosaurus lehmani
Malerisaurus robinsonae

Pseudohesperosuchus jachaleri



Turfanosuchus dabensis
Yonghesuchus sangbiensis
Procompsognathus triassicus
Gojirasaurus quayi
Segisaurus halli
Saltoposuchus connectens
Preondactylus buffarinii
Chilenosuchus forttae
Jingshanosaurus xinwaensis

Yunnanosaurus spp.

Ichthyopterygia

Thaisaurus chonglakmanii

Guizhouichthyosaurus tangae

d. Time calibration

Time calibration of a phylogeny can be a complex issue due to zero-length branches,
these result when taxa appear in the fossil record in a different order to that suggested by the
branching shown in the phylogeny. These imply instantaneous speciation and character
evolution, both unrealistic.

A variety of methods exist to eliminate these zero-length branches. The majority
involve selecting an arbitrary length of time, and adding this to all branches™ or to zero-
length branches only*®, or extending the length of branches until all reach an arbitrary
minimum length'’. Two less arbitrary methods have been proposed. Both involve extending
zero-length branches back in time along the non-zero-length branch immediately ancestral to

them, sharing this ancestral branch’s length among the zero-length branches descended from



it. The zero-length branches may be shared equally among the ancestral branch®® or, if a
morphological character matrix exists, adjusting branch lengths to represent the proportion of
morphological change occurring along each branch®. In this case the former method is used
due to the lack of character data.

100 of the MPTs found in the MRP analysis were randomly selected for the analysis.
While SymmeTREE does include the option to randomly resolve polytomies, some random
resolutions will be suboptimal (less parsimonious)®. In order to deal with the uncertainty
surrounding the ages of certain taxa, 100 sets of first and last appearences were drawn for
each taxon from a uniform proability distribution covering the full possible range of ages for

each taxon??.

e. Sensitivity analyses

Two possible sources of error were investigated: poorly supported relationships and
missing taxa. Ideally, a supertree analysis should represent a summary of researchers’
analyses into clade relationships. Although in theory an MRP supertree should not contain
any relationships that have never before been suggested, unsupported relationships can
appear, albeit rarely®. For these reasons, it is necessary to provide a support measure
indicating to what extent the source trees support the relationships shown in the supertree. In
this study, the \ measure was used?. Each node is assigned a value between -1 and 1,
representing the proportion of source trees supporting the node in question relative to the
source trees that do not support it (see Supplementary Data 9 for the support values assigned
to each node). In order to ensure that poorly supported relationships do not unduly affect the
inferences, the analyses with SymmeTREE were repeated after all nodes with negative
support were collapsed into a polytomy, which were then randomly resolved 100 times.

The second potential source of error is the impact of missing taxa. While this supertree

is the most comprehensive representation of early amniote relationships available, there are



taxa which have not yet been included in any phylogenetic analyses and higher taxa which
have not been included in analyses below genus or family level e.g. Sphenacodon,
Mesosauridae. One could address this by replacing all higher taxa in the supertree with their
constituant species in a polytomy, and then randomly resolving those polytomies in the
analysis. However, in the case of early amniotes, this presents a problem; a great many clades
have not had their species level taxonomy examined in a cladistic context; in fact a great
many of the species level taxonomies have not been questioned since the 1960s or even
earlier®, a time when classification was often based on stratigraphy, location or body size. In
order to assess the impact of the use of higher taxa, an expanded supertree was subjected to
the same set of analyses in SymmeTREE. Terminal taxa above species level in the supertree
were replaced with a polytomy containing all species currently considered valid, provided this
species level taxonomy had been confirmed in recent study (more recently than 25 years).
Higher taxa whose species-level taxonomy had not been examined since 1990 were kept as
higher taxa. These polytomies were randomly resolved 100 times. The expanded supertree
contained 742 taxa and is presented in Supplementary Data 4.

We found that neither uncertainty surrounding taxon age nor poorly supported
relationships substantially affect the results. When nodes with negative support are collapsed
into a polytomy, the timing and location of substantial and significant diversification shifts
identified by SymmeTree are unchanged from those found using the original supertree, with
one exception; a diversification rate shift within the Kannemeyeriiformes is not identified
when poorly supported nodes are collapsded (Supplementary Data 7). When missing taxa are
included, three extra diversification rate shifts are identified. Two of these occur within the
therapsid clade Gorgonopsia (at the base of Rubidginae and at the base of Gorgonopsidae),
due to the fact that many speciose gorgonopsian genera are only included at the genus level in

the basic supertree. The third new diversification rate shift was identified at the base of the



ichthyosaur clade Thunnosauria, again due to the large number of speciose taxa only included
at the genus level in the original supertree.

The impact of using different methods of time slicing was investigated. Ruta et al.™
argued for pruning the tree to include only those taxa present in a particular time slice, since
Symmetree is designed for use on ultrametric trees. Tarver & Donoghue®* suggested an
alternative in which the tree was grown through time, with new taxa added in each substage,
and retaining taxa from preceding time slices. The rationale behind this method is that each
speciation event is retained in the tree, allowing the identification of uneven rates of
origination or extinction as the driver behind a particular shift**. We carried out the shift
analyses using both time-slicing methods, hereafter referred to as the Ruta and the Tarver
methods.

The use of different time-slicing methods has a greater effect on shift distributions
than age (Supplementary Data 7). The Ruta method identified 22 clades experiencing
substantial diversification shifts, while the Tarver method identified 28. Of these clades, only
14 were identified by both methods simultaneously. The timing of these 14 shifts differed in
most cases; in only five of these 14 clades was the timing of the diversification shift found to
be the same when both methods of time slicing are used. Eight clades show shifts only when
the Ruta method was used, and 14 clades show shifts only when the Tarver method was used.

The results presented in the main text are those using the ages that take into account
uncertainties in dating, as well as the Ruta method of time-slicing. The Tarver method is

rejected as it reintroduces the problem that Ruta et al.*®

were trying to solve: the inclusion of
extinct taxa means not all lineages will have had equal time to diversify and the assumptions
of the Yule model are violated. It has been argued that the Ruta method of time slicing is

misleading as the time sliced trees do not include all cladogenetic events. However we would

argue that this is not a serious problem when investigating shifts in the rate of diversification.

If less cladogenetic events are observed in one lineage than in its sister, this could imply



increased cladogenesis in the sister, or it could imply increased extinction in the lineage
having “removed” the speciation events from the observed tree. However, both of these
possibilities imply a diversification rate shift. It is true that under the Ruta method one cannot
distinguish between these two possibilities, but one can investigate which is more likely by
comparing the number and magnitude of shifts to origination and extinction rates, as is done

in this paper.

f. Inferring Origination and Extinction Rates from Phylogenies

The inference of origination and extinction rates is central to the analyses presented
here and is key to many other macroevolutionary investigations. However, as in all fossil-
based evolutionary studies, such analyses have to contend with the issue of sampling biases in
the fossil record. First documented occurrences of species in the fossil record are unlikely to
be synchronous with the time of origination of those species. It follows that quality and
intensity of sampling in any time interval will dictate whether a speciation event occurred in
the same time interval where a specimen has been observed, or in an earlier interval. Thus, the
better the quality of the fossil record in the time bin immediately preceding the time of first
appearance of any given taxon, the less likely the chance that the taxon in question was
actually present in earlier time bins than that where it is observed. The same reasoning can be
extended to estimates of extinction rates; the last documented occurrence of a lineage in the
fossil record is unlikely to represent its very last individual, and the likelihood that the lineage
actually went extinct in the same time bin as its observed disappearance will depend on the
quality of sampling in later time bins.

A wide range of methods have been devised to incorporate estimates of sampling into
origination and extinction rate estimates®>?. However, the vast majority of such methods may
not be appropriate for early amniotes, certainly due to the fact that many of the proposed

methods rely on a random and extensive sample of multiple individuals (different invertebrate



groups offer notable examples) for which dating is relatively unproblematic. Most available
methods rely on observed distributions of taxa within and across adjacent time intervals,
including whether such taxa cross the bottom and/or top boundaries of an interval, and
whether they occur in adjacent intervals. Moreover, such methods do not include singleton

taxa (i.e., taxa found exclusively within an interval) % %

, Which are extensively represented
among early amniotes.

Here, a new method is proposed that seeks to correct for sampling in origination and
extinction rates, using a time-calibrated phylogeny as a starting point. The per-lineage
origination and extinction rates are calculated from the tree, the former by counting the
number of cladogenetic events in each time bin, the latter by counting the number of lineages
terminating in that time bin.

The origination rate for a given time bin is then multiplied by an estimate of sampling
probability from the previous time bin. If the sampling probability in the previous time bin is
low, then we can be less sure that the taxa observed in the time bin of interest actually
originated in that bin, and therefore our origination rate needs to be lowered. Multiplying the
observed extinction rate by the sampling probability (a value between 0 and 1) means that the
lower the sampling probability, the more the origination rate will be lowered, representing the
fact that one can be less sure that the origination events observed in a particular time bin
actually occurred in that bin. A similar correction applies in the case for extinction rates; thus,
the estimated extinction rate of the time bin of interest is multiplied by an index that gives a
measure of sampling from the following time bin.

The shape of the phylogeny offers a way to estimate sampling probability in each time
bin. For each time bin, the number of observed lineages (those represented by fossil
occurrences) is divided by the total number of lineages (observed plus ghost lineages) in that
time bin. As ghost lineages represent portions of the fossil record that may be inferred to be

present but have not been sampled, the proportion of observed lineages relative to combined



observed and ghost lineages provides an operational estimate (albeit one that can be
constantly refined by novel taxon discoveries) of sampling in that bin (R code for calculating
the origination and extinction rates using these methods are supplied in Supplementary Data 5
and 6).

In order to ensure that the proposed method provides reliable estimates of origination
and extinction, simulations were carried out. The simulations were undertaken using the
simFossilTaxa function in the R paleotree package®. This function produces a stochastic
birth-death model which allows anagenetic, cladogenetic, and budding speciation based upon
user-defined probabilities (for the analysis presented here, the probability of each mode of
speciation was set to be equal). A second paleotree function, taxa2cladogram, was used to
produce a cladogram using information from the output of the birth-death model. This
cladogram takes into account resolutions of ancestor-descendant relationships based upon
current phylogenetic methods (i.e., ancestors are resolved either as sister taxa to, or in a
polytomy with, descendants, depending on the model of speciation).

These two functions together produce a list of taxa, their temporal ranges, and a
cladogram summarising patterns of relationships based upon initial parameters (e.qg.
origination and extinction rates). The simulated time period was spilt into equal-length bins,
and for each taxon in each bin we assigned a sampling probability (the simulations were run
with sampling probabilities from 0.1 to 0.9, with equal increments of 0.1). Once the sampling
filter had been applied, the tree (with unsampled taxa pruned) was time calibrated using the
new age ranges (potentially ranges might be reduced by sampling). The per-lineage
origination and extinction rates were calculated using two methods: 1) a raw count, which
consists in dividing the observed number of cladogenetic events in each time bin by the
observed number of lineages in that bin in order to get the origination rate (for extinction
rates, we divided the observed number of lineage terminations in each time bin by the

observed number of lineages in that bin); and 2) an inferred count (the method described



above), whereby we correct for sampling using the proportion of ghost lineages in each time
bin. Both of these methods were compared to the ‘true’ origination and extinction rate curves
obtained from the simulated data before applying the sampling filter, using the Spearman’s
rank correlation test. These simulations were repeated 1000 times at each sampling
probability.

The results of the simulations (Supplementary Table 1) suggest that, at low sampling
levels, the new method proposed here provides a close correspondence to the true origination
and extinction rates, and outperforms the raw count method. Unsurprisingly, both methods
perform worse at low levels of sampling, but the drop in performance of the new method is
considerably less pronounced; even at a sampling probability of 0.2, the mean Spearman’s rho
value (comparing the rates produced by the new method to the ‘true’ rates generated by
simulations) is greater than 0.6, but only about 0.3 for the raw count.

Interestingly, at high levels of sampling (probability of sampling greater than 0.6), the
raw count method outperforms the new method. A possible explanation for this finding can be
found in the treatment of ancestors in the phylogeny. As discussed above, our current
phylogenetic methods resolve ancestors either as the sister to, or in a polytomy with, their
descendants. This means that a ghost lineage is inferred where one may not exist. At higher
sampling levels, it is considerably more likely that both an ancestor and its descendant will be
sampled in the same time bin, a false ghost lineage will be inferred and the sampling estimate
will be less reliable. This shows that our new method for estimating origination and extinction
rates may be inappropriate for very well sampled clades. However, the new method offers
much promise, particularly in studies of Palaeozoic terrestrial vertebrates, for which the

quality of the fossil record is often regarded as poor?>3>3!.
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Supplementary Table 1

Results of the simulation study testing the accuracy of the origination and extinction rates deduced by the method described in the supplmentary

text. Sampling level: 1-probability that each taxon may be deleted from a time bin in which it is present. Results represent the mean Spearman's rho

value of 1000 comparisons between rate estimates from simulated data

Sampling level

Origination rate calculated
using new method of

sampling correction described

Origination rate calculated

from the tree: no sampling

Extinction rate calculated
using new method of

sampling correction described

Extinction rate calculated from

the tree: no sampling

in Supplementary Method correction in Supplementary Method correction
0.1 0.534189 0.3045735 0.589352829 0.3145735
0.2 0.600342 0.3457919 0.655505829 0.3757919
0.3 0.629017 0.4070103 0.684180829 0.4370103
0.4 0.648123 0.4882287 0.703286829 0.5382287
0.5 0.674219 0.5394471 0.729382829 0.6294471
0.6 0.6981095 0.6506655 0.733273329 0.7006655
0.7 0.7221832 0.7418839 0.754546658 0.7618839
08 0.7462569 0.8031023 0.777347029 0.8631023
0.9 0.7703306 0.8943207 0.801420729 0.9443207




Supplementary Figure 1

Results of the simulation study testing the accuracy of the origination and extinction rates
deduced by the method described in the supplmentary text. Sampling level: 1-probability that
each taxon may be deleted from a time bin in which it is present. Results represent the mean

Spearman'’s rho value of 1000 comparisons between rate estimates from simulated data
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Supplementary Figure 2-15

Strict concensus phylogenies time sliced using the Ruta method, illustrating substantial (grey)
and significant (black) diversification rate shifts. The shifts are marked at the node where
substantial imbalance is identified using SymmeTREE; therefore the relative diversification
increase is deemed to have occurred in the more diverse of the two descendant lineages of that
node.
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Figure 3
Late Kungurian
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Early Olenekian

Bauria.cynops

ofolrido r}’.’frere 11518
wnognathis. spp
Diademodon tetragonus
Trirachodon.spp
Langbergia.modisei

ricodon. mefaboli. .
ascuafg;ng%us.po?anskn
Lumkuia fuzzi )
{}ombws:a.ﬁfer 11515
inceria. argeniine nsis
ﬁab:dosaurus.c istatus.
annemeyeria fophorhina
Wadiasaurus. indicus )
hoghreberia. nmachouensis
Candelaria barbotiri
Theledectes perforatus

Tichvinskia viatkensis
Timanophonrandeniatus
%ﬁo‘(m‘{’odon.hhe{?s(em:
efophon.contritus
Kapes.sgp
Eumetabolodan bathycephalus
Teralophon. sprinigensis
Procofophonirigoniceps
Thelerpelon.opressus
Pentaedrusatirus. ordosiants
Neoprocolophon.asiaticus
Scofoparia.giyphanodon
eptopleuron faceriinim

e

Longisquama. insignis
CHORISTODERA

— uehneosaurus. latus
éameqma.poxomca

[Marmorelta oxoniensis

gio ﬁ?:%e a.cracoviensis

——Cdontochelys semitestacea
Eusaurosphargis.dalsassoi
EParaplacodus. roii

Placodus.s

Henodus.chelvops )

Serplanosadiriss. mirigiole nsis
dennesadrus. aciiirostris

L__rHupehsuchus nanchangensis
- Utatsirsaurus hatali
E mmmosa?rus.cafadei_ ,
F(iuasianosieosaurus vikinghoegdai
FParvinatatorwapiliensis
[Ch_aohusaurus. eishanensis
Grippiafongirostris
rhdixosauris. maglaiensis
HWIimanius odontopatatus
Fhdixosauris panixiane nsis
—Confec{gpa afus.atavus
FPhalarodon.caltaw ayi
rPhalarodon. major ]
-Qianichihyosadrus.zhouf
Trilophosauris. bueltneri
NMesosuchus. brow i
Howesia. browni
Benfonyx sidensis
[Vaffesaurus.cenensrs
Macrocnemiis. spp )
——Fugusuchus hejlapensis
——~Prolerosuchiis.spp
— T Sarmatosuchus.otschevi
simolskinag czatkowicensis
oamastuchus.gonzalezdiazi
Shansisuchus. shansisuchus
Viushkowvia triplocosiata
nyihrosuchus. africantis
-Vancleavea.campi
-Euparkeria capensis
- Tarjadia.ruihae )
-Proterochampsa bonapartel
-Parasuchus. histopi
FReviueffosaurus. spp
i cmosu%hus ferox
-Riojasuchus teniisceps
FGraciisuchiis. stipanicicorim
FStagonosuchus. iyassicus
-Diandongostichus. fuytianensis
-Qianosuchus. mixius
FLolosaurus adentys
FPoposagrus.graciis
FSiflosuchus.fongicervix
FXousuchus sapingensis
FBromsgroveia.walkeri
-ﬁ!eno aygriscus koenem
-Hypselorhachis.mirabills
-Arizonasaurus.babbitl
“ANUROGMATHIDAE




Supplementary Figure 9

Late Olenekian
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Late Anisian
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Supplementary Figure 12

Late Landinian
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Early Carnian
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Supplementary Figure 14

Late Carnian
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Supplementary Figure 15

Early Norian
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Supplementary Data 1
Tree files uploaded to SuperTree0.85b, including all source trees in phylip format:

Archosauromorpha:

tree Benton&Walker2002 =
(Stagonolepis.robertsoni,((Ornithosuchus,(Saurosuchus,(Batrachotomus,Prestosuchus))),(Gra
cilisuchus,(Postosuchus.kirkpatricki,(Erpetosuchus,(Sphenosuchus, CROCODY LIFORMES))
M)

tree Cark&Sues2002 =
((Dibothrosuchus,Sphenosuchus),Saltoposuchus,Hesperosuchus.agilis,Pseudohesperosuchus,
Litargosuchus,Kayentasuchus, Terrestrisuchus, CROCODY LIFORMES);

tree Harrisetal2003 =
(Aetosaurus,((Aetosauroides,Stagonolepis.robertsoni),((Stagonolepis.wellesi,(Coahomasuchu
s,(Redondasuchus, Typothorax))),(Neoaetosauroides,(Paratypothorax,(Longosuchus,(Lucasuc
hus,(Desmatosuchus.haplocerus,Acaenasuchus))))))));

tree Neshitt2003 =
(Marasuchus,(Aetosaurus,(CROCODY LIFORMES, (Saurosuchus,(Postosuchus.kirkpatricki,
Poposaurus.gracilis,Arizonasaurus,Shuvosaurus))))));

tree Olsonetal2000 =
(Gracilisuchus,(Postosuchus.kirkpatricki,(Erpetosuchus,(Sphenosuchus, CROCODYLIFORM
ES)));

tree Parker2007 =
(Revueltosaurus,(((Coahomasuchus,Neoaetosauroides,(Aetosaurus,Stagonolepis.robertsoni,St
agonolepis.wellesi,Aetosauroides)),((Tecovasuchus,(Heliocanthis,Paratypothorax)),(Typothor
ax,Redondasuchus))),(Longosuchus,(Lucasuchus,(Acaenasuchus,(Desmatosuchus.haplocerus,
Desmatosuchus.smalli))))));

tree Parker&Irmis2006 =
(Ebrachosuchus.neukami,((Nicrosaurus.kapffi,Nicrosaurus.meyeri),(((Pseudopalatus.jablonsk
iae,(Pseudopalatus.mccauleyi,(Pseudopalatus.pristinus,Pseudopalatus.buceros))),(Redondasau
rus.gregorii,Redondasaurus.bermani)),(Mystriosuchus.planirostris,Mystriosuchus.westphali)))
)i

tree Parrish1993 =
(Erythrosuchus,(Euparkeria,(Proterochampsa,(Marasuchus,(Ornithosuchus,(Phytosaurus.doug
htyi,((Saurosuchus,(Ticinosuchus,Prestosuchus)),(Turfanosuchus.dabanensis,Lewisuchus,(Ae
tosaurus,((Gracilisuchus,(Poposaurus.gracilis, CROCODY LIFORMEYS)),(Lotosaurus,(Fasolas
uchus,(Rauisuchus,Batrachotomus))))))))))));

tree Stocker2012 =
(Paleorhinus.scurriensis,(Paleorhinus.bransoni,(Paleorhinus.sawini,(Brachysuchus.megalodon
,Angistorhinus,(Rutiodon.carolinensis,Machaeroprosopus.zunii,Protome.batalaria,(Phytosauru
s.doughtyi,(Leptosuchus.crosbiensis,Leptosuchus.studeri),(((Smilosuchus.adamanensis,Smilo
suchus.gregorii),Smilosuchus.lithodendrorum),(Pravusuchus.hortus(Pseudopalatus.mccauleyi,
(Mystriosuchus.westphali,Pseudopalatus.pristinus))))))))));

tree Suesetal2003 =
(Stagonolepis.robertsoni,(Postosuchus.kirkpatricki,(Erpetosuchus,(Dromichosuchus,Saltoposu
chus,Kayentasuchus,Pseudohesperosuchus,Hesperosuchus.agilis, Terrestrisuchus, Litargosuchu
s,(Sphenosuchus,(Dibothrosuchus, CROCODYLIFORMES))))));

tree Weinbaum&Hungurbuller2007 =
(Aetosaurus,((Arizonasaurus,Poposaurus.gracilis,(Shuvosaurus,Sillosuchus)),(Batrachotomus,
(Saurosuchus,(CROCODYLIFORMES,(Teratosaurus,Postosuchus.kirkpatricki))))));

tree Andresetal2010 =
(Scleromochlus,(Preondactylus.buffarinii,((Eudimorphodon.ranzii,Austriadactylus.cristatus),




Peteinosaurus.zambelli,(Dimorphodon.macronyx,(Campylognathoides.liasicus,(((OTHER.RH
AMPHORHYNCHINAE,Dorygnathus.bathensis),Scaphognathus.crassirostris),(Sordes.pilosu
S,(ANUROGNATHIDAE,PTERODACTYLOIDEA))))));

tree Ezcurra2006 =
(Marasuchus,(Pseudolagosuchus,(Silesaurus,(Eucoelophysis.baldwini,((Lesothosaurus,(Scutel
losaurus,Heterodontosaurus)),((Herrerasaurus,Staurikosaurus.pricei),((Saturnalia,(Thecodonto
saurus.antiquus,Plateosaurus.engelhardti)),(Eoraptor.lunensis,((Dilophosaurus.wetherilli,(Lili
ensternus.liliensterni,(Megapnosaurus.kayentakatae,(Coelophysis.rhodesiensis,Coelophysis.b
auri)))),(CERATOSAURIA,COELUROSAURIA));

tree Ezcurra2010 =
(CROCODYLIFORMES,(Marasuchus,(Silesaurus,(Heterodontosaurus, ((Staurikosaurus.price
I,Herrerasaurus),(Chindesaurus,(Eoraptor.lunensis, COELUROSAURIA),((Angosphitys,Guai
basaurus,Panphagia,(Saturnalia,Chromogisaurus)),(Pantydraco, Thecodontosaurus.antiquus, (P
lateosauruavus,(Ruehleia,((Unaysaurus,(Plateosaurus.gracilis,(Plateosaurus.engelhardti,Plateo
saurus.ingens))),((Eucenemesaurus,Riojasaurus),((Massospondylus,(Coloradisaurus,(Lufengo
saurus,Glacialisaurus))),(Jingshanosaurus,(Anchisaurus,(Yunnanosaurus,(Melanorosaurus,EU
SAUROPODA))))MMM));

tree Ezcurra&Novas2007 =

((Lesothosaurus, (Scutellosaurus,Heterodontosaurus)),((Saturnalia,(Thecodontosaurus.antiquu
s,Plateosaurus.engelhardti)),(Eoraptor.lunensis,(Herrerasaurus,((Dilophosaurus.wetherilli,(Lili
ensternus.liliensterni,(Zupaysaurus,Coelophysis.bauri,Coelophysis.rhodesiensis,Megapnosaur
us.kayentakatae,Gojirasaurus,Segisaurus,Procompsognathus))),(CERATOSAURIA,COELUR
OSAURIA))))));

tree LU&Ji2006 =
(ANUROGNATHIDAE,((Preondactylus.buffarinii,Dimorphodon.macronyx),(Sordes.pilosus,
Dorygnathus.bathensis,Scaphognathus.crassirostris,((Campylognathoides.liasicus,Carniadacty
lus.rosenfeldi),(OTHER.RHAMPHORHYNCHINAE,PTERODACTYLOIDEA)))));

tree Martinez&Alcober2008 =
(Silesaurus,(Pisanosaurus,Heterodontosaurus),((Herrerasaurus,Staurikosaurus.pricei),(Eorapto
r.lunensis,(Guaibasaurus, COELUROSAURIA,(Panphagia,(Saturnalia, EUSAUROPODA))))))

tree Martinezetal2011 =
(Marasuchus,(Silesaurus,((Lesothosaurus,(OTHER.ORNITHOPODA,Heterodontosaurus)), ((
EUSAUROPODA, (Eoraptor.lunensis,Panphagia,Saturnalia)),((Herrerasaurus,Staurikosaurus.
pricei),(Eodromaeus,(CERATOSAURIA,(Tawa,(Dilophosaurus.wetherilli,(Megapnosaurus.k
ayentakatae,(Coelophysis.rhodesiensis,Coelophysis.bauri))))))))));

tree Nesbittetal2009 =
((Leptosuchus.crosbiensis,(Aetosaurus,(Riojasuchus,(Effigia,(Postosuchus.kirkpatricki,(Hesp
erosuchus.agilis, CROCODYLIFORMES)))))),((Dimorphodon.macronyx,Eudimorphodon.ran
zii),((Lagerpeton,(Dromomeron.romeri,Dromomeron.gregorii)),(Marasuchus,((Silesaurus,Euc
oelophysis.baldwini),(((Heterodontosaurus,Lesothosaurus,Scutellosaurus),Pisanosaurus),((He
rrerasaurus,Chindesaurus),((Saturnalia,(Plateosaurus.engelhardti,Efraasia)),(Coelophysis.baur
i, COELUROSAURIANDD);

tree Nesbittetal2009a =

(Heterodontosaurus,(EUSAUROPODA, ((Staurikosaurus.pricei,(Herrerasaurus,Chindesaurus)
),(Tawa,((Coelophysis.bauri,Megapnosaurus.kayentakatae),(Liliensternus.liliensterni,(Zupays
aurus,(Crylophosaurus,(Dilophosaurus.wetherilli, COELUROSAURIA))))))));

tree Seren01999 =
((Pisanosaurus,(Lesothosaurus,((Scutellosaurus, OTHER. THYREOPHORA),(MARGINOCE
PHALIA,(OTHER.ORNITHOPODA, Heterodontosaurus))))),(((Riojasaurus,((Y unnanosaurus
,Massospondylus),(Lufengosaurus,(Plateosaurus.gracilis,Plateosaurus.engelhardti)))),(Vulcan



odon,EUSAUROPODA)),(Eoraptor.lunensis,(Herrerasaurus,((CERATOSAURIA,(Dilophosa
urus.wetherilli,(Liliensternus.liliensterni,Coelophysis.bauri))), COELUROSAURIA)))));

tree Wangetal2005 =
(ANUROGNATHIDAE,(Sordes.pilosus,(Preondactylus.buffarinii,Scaphognathus.crassirostris
,(Dorygnathus.bathensis,(Dimorphodon.macronyx,(Peteinosaurus.zambelli,Carniadactylus.ros
enfeldi),((Campylognathoides.liasicus,Eudimorphodon.ranzii),(OTHER.RHAMPHORHYNC
HINAE,PTERODACTYLOIDEA)))))));

tree Yates2003 =

(Heterodontosaurus,(Herrerasaurus,(COELUROSAURIA, (Saturnalia,((Thecodontosaurus.anti
quus,Pantydraco.caducus),(Efraasia,(Plateosaurus.engelhardti,(Riojasaurus, Anchisaurus,(Colo
radisaurus,Lufengosaurus,(Massospondylus,Yunnanosaurus),(Euskelosaurus,(Melanorosaurus
,(Blikanasaurus,(Vulcanodon,EUSAUROPODA)NIN)));

tree Yates2003Bentonetal =
(Herrerasaurus,(EUSAUROPODA, Coloradisaurus, Thecodontosaurus.antiquus,Plateosaurus.g
racilis,Massospondylus,Plateosaurus.engelhardti,Anchisaurus,Melanorosaurus,Euskelosaurus,
Vulcanodon));

tree Yates&Kitching2003 =
(Saturnalia,(Thecodontosaurus.antiquus,(Efraasia,((Riojasaurus,(Plateosaurus.engelhardti,(Co
loradisaurus,(Massospondylus, Lufengosaurus)))),(Anchisaurus,(Melanorosaurus,(Antetonitru
s,(Isanosaurus,(Kotosaurus,(Vulcanodon,EUSAUROPODA)))))))));

tree Benton1999 =

(Proterochampsa, ((Phytosaurus.doughtyi,(Stagonolepis.robertsoni,(CROCODY LIFORMES,(
Ornithosuchus,(Prestosuchus,Postosuchus.kirkpatricki))))),(Scleromochlus,(Dimorphodon.ma
cronyx,(Lagerpeton,(Marasuchus,(Heterodontosaurus,(Plateosaurus.engelhardti,(Herrerasauru
s,COELUROSAURIANIM);

tree Benton&Allen1997 =
((Trilophosaurus,Prolacertoides),((Boreopricea,Prolacerta),(Protorosaurus,(Malerisaurus.langs
toni,(Langobardisaurus,(Macrocnemus,(Cosesaurus,(Tanystropheus.meridensis,(Tanystrophe
us.longobardicus, Tanytrachelos)))))))));

tree Bennett2012revised =
(Rhynchosaurus.articeps,(Prolacerta,(Proterosuchus,(Erythrosuchus,(Proterochampsa,(Eupark
eria,(Phytosaurus.doughtyi, CROCODY LIFORMES,(Ornithosuchus,(Scleromochlus,(Herrera
saurus,Marasuchus)))))),PTERODACTYLOIDEA))));

tree Bennett2012updated =
(Rhynchosaurus.articeps,(Prolacerta,(Tanystropheus.longobardicus,(Megalancosaurus,Vallesa
urus),(Proterosuchus,((ANUROGNATHIDAE,(Peteinosaurus.zambelli,Eudimorphodon.ranzii
)),(Erythrosuchus,(Proterochampsa,(Euparkeria,(Phytosaurus.doughtyi, CROCODYLIFORM
ES,(Ornithosuchus,(Scleromochlus,(Marasuchus,Herrerasaurus))))))))))));

tree Butleretal2011BrusatteB =
(Euparkeria,(Proterochampsa,(((Scleromochlus,Dimorphodon.macronyx),((Lagerpeton,Drom
omeron.romeri),(Marasuchus,(Pseudolagosuchus,((Lewisuchus,(Silesaurus,Eucoelophysis.bal
dwini,Sacisaurus)),(Heterodontosaurus, COELUROSAURIA)))))),(Revueltosaurus,Phytosaur
us.doughtyi,Aetosaurus,(Gracilisuchus,(Erpetosuchus, CROCODY LIFORMEYS)),((Ticinosuch
us,Qianosuchus,(Stagonosuchus,((Prestosuchus,Batrachotomus),(Fasolasuchus,Saurosuchus, (
Tikisuchus,Rauisuchus,(Polonosuchus.silesiacus,Postosuchus.kirkpatricki)))))),(Ornithosuchu
s,(Lotosaurus,((Sillosuchus,Poposaurus.gracilis,(Shuvosaurus,Effigia)),(Arizonasaurus,Hypse
lorhachis,Ctenosauriscus,Bromsgroveia)))))))));

tree Dilkes1995 =
(Mesosuchus,(Howesia.browni,(Rhynchosaurus.articeps,(Stenaulorhynchus.stockleyi,(Hypero
dapedon.sanjuanensis,Hyperodapedon.gordoni)))));



tree Dilkes&Arcucci2012 =
(Erythrosuchus,((Doswellia,Vancleavea),((Proterochampsa,(Cerritosaurus,(Tropidosuchus,(G
ualosuchus,Chanaresuchus)))),(Euparkeria,(Parasuchus,((Riojasuchus,Aetosaurus),(Silesaurus
,Herrerasaurus)))))));

tree Desojoetal2011 =
(Prolacerta,(Proterosuchus,(Vancleavea,(Erythrosuchus,(Euparkeria,(Chanaresuchus,(Turfano
suchus.dabanensis,(Tarjadia,(Doswellia,Archeopelta)),(Yonghesuchus,((Scleromochlus,Mara
suchus),(Qianosuchus,Gracilisuchus,(Parasuchus,(Chilenosuchus,Stagonolepis.robertsoni)))))
M)

tree Ezcurraetal2010 =
(Prolacerta,(Proterosuchus,(Sarmatosuchus,Fugusuchus,(Osmolskina,(Koilamasuchus,((Shans
isuchus,(Vjushkovia.triplocostata,Erythrosuchus)),(Euparkeria,(Chanaresuchus,((Vancleavea,
Doswellia),((Turfanosuchus.dabanensis,(Qianosuchus,(Parasuchus,(Stagonolepis.robertsoni,
Saurosuchus,(Terrestrisuchus,Gracilisuchus)))))),((Dimorphodon.macronyx,Scleromochlus),(
Lagerpeton,(Marasuchus,(Silesaurus,(Eoraptor.lunensis,Herrerasaurus))))))))))))));

tree Francaetal2012 =
(Euparkeria,(Proterochampsa,(((Scleromochlus,Dimorphodon.macronyx),((Lagerpeton,Drom
omeron.romeri),(Marasuchus,(Pseudolagosuchus, ((Lewisuchus,(Sacisaurus,Eucoelophysis.bal
dwini,Silesaurus)),(Heterodontosaurus, COELUROSAURIA)))))),((Paleorhinus.bransoni,(My
striosuchus.planirostris,Rutiodon.carolinensis)),(((Aetosaurus,(Stagonolepis.robertsoni,Desma
tosuchus.haplocerus)),(Gracilisuchus,(Erpetosuchus,(Postosuchus.kirkpatricki,Sphenosuchus,
Terrestrisuchus)))),(Ticinosuchus,Qianosuchus,(Riojasuchus,Ornithosuchus),(Sillosuchus,Pop
osaurus.gracilis,Lotosaurus,Bromsgroveia,Arizonasaurus,(Shuvosaurus,Effigia)),(Tikisuchus,
Saurosuchus,Rauisuchus,(Teratosaurus,Postosuchus.kirkpatricki),(Decuriasuchus,(Prestosuch
us,Batrachotomus)))))))));

tree Gower&Sennikov1997 =
((Proterosuchus,(Fugusuchus,Sarmatosuchus)),((Vjushkovia.triplocostata,Erythrosuchus),(Eu
parkeria,Sphenosuchus)));

tree Hone&Benton2008 =
(Trilophosaurus,(Prolacerta,(Mesosuchus,(Howesia.browni,(Stenaulorhynchus.stockleyi,(Rhy
nchosaurus.articeps,Rhynchosaurus.brodiei,(Fodonyx.spenceri,(Ammorhucnhus.navajoi,(Tey
umbaita.sulcognathus,Hyperodapedon.gordoni,Hyperodapedon.sanjuanensis,Hyperodapedon.
mariensis,Hyperodapedon.gordoni,Hyperodapedon.huxleyi)))))))));

tree Jalil1997 =
(Youngina,((Gephyrosaurus,SQUAMATA),(CHORISTODERA,(Rhynchosaurus.articeps,(Tri
lophosaurus,(Proterosuchus,(Prolacerta,((Macrocnemus,(Langobardisaurus,(Boreopricea,(Cos
esaurus,(Tanystropheus.longobardicus, Tanytrachelos))))),(Malerisaurus.langstoni,Jesairosaur
us)))))));

tree Langer&Schultz2000 =
(Fodonyx.spenceri,(Teyumbaita.sulcognathus,(Hyperodapedon.huenei,(Hyperodapedon.marie
nsis,(Hyperodapedon.gordoni,Hyperodapedon.huxleyi),Hyperodapedon.sanjuanensis))));

tree Montefeltroetal2013 =
(Howesia.browni,(Rhynchosaurus.articeps,(Stenaulorhynchus.stockleyi,Bentonyx.sidensis, (F
odonyx.spenceri,(Isalorhynchus.genovefae,(Teyumbaita.sulcognathus,Hyperodapedon.gordon
D))

tree Seren01991 =
(Erythrosuchus,(Euparkeria,(Proterochampsa,((Phytosaurus.doughtyi,((Riojasuchus,Ornithosu
chus),CROCODYLIFORMEYS)),(PTERODACTYLOIDEA, Herrerasaurus,Scleromochlus)))))

tree Renesto&Binelli2006 =
(Petrolacosaurus,((Coelursauravus,Longisquama),(Youngina,(Gephyrosaurus,(Mesosuchus, ((



Prolacerta,(Macrocnemus,Langobardisaurus)),((Proterosuchus,(Euparkeria,(Ornithosuchus,C
OELUROSAURIA))),(Eudimorphodon.ranzii,(Vallesaurus,(Hypuronector,(Drepanosaurus,(D
olabrosaurus,Megalancosaurus)))))))))));

tree minitreel =
(Prolacerta,((Archosaurus,Proterosuchus),(Erythrosuchus,(Vancleavea,((Chanaresuchus, Tropi
dosuchus),(Euparkeria,((Parasuchus,(Pseudopalatus.pristinus,Smilosuchus.gregorii)),(((Dimor
phodon.macronyx,Eudimorphodon.ranzii),((Lagerpeton,(Dromomeron.romeri,Dromomeron.g
regorii)),(Marasuchus,((Lewisuchus,(Asilisaurus,(Eucoelophysis.baldwini,(Silesaurus,Sacisau
rus)))),((Eocursor,Lesothosaurus,Scutellosaurus,(Heterodontosaurus,Pisanosaurus)),((Saturnal
ia,(Plateosaurus.engelhardti,Efraasia)),(Herrerasaurus,(Staurikosaurus.pricei,(Eoraptor.lunensi
s,(Tawa,(Coelophysis.bauri,(COELUROSAURIA,Dilophosaurus.wetherilli)))))))))))),((Ornith
osuchus,Riojasuchus),(Turfanosuchus.dabanensis,Gracilisuchus,(Revueltosaurus,(Aetosaurus,
Longosuchus,Stagonolepis.robertsoni)),(Ticinosuchus,(Diandongosuchus,(Qianosuchus,((Cte
nosauriscus,Hypselorhachis, Xilosuchus,Arizonasaurus),(Poposaurus.gracilis,(Lotosaurus, (Sill
osuchus,(Effigia,Shuvosaurus))))))),(Prestosuchus, (Saurosuchus,(Batrachotomus, (Fasolasuch
us,((Rauisuchus,(Postosuchus.alisonae,Postosuchus.kirkpatricki,Polonosuchus.silesiacus)),(Dr
omichosuchus,Hesperosuchus.agilis,(Sphenosuchus,(Terrestrisuchus,Dibothrosuchus,(Litargo
suchus,(CROCODY LIFORMES,Kayentasuchus)))))))DMNIN));

tree minitree2 =
(Youngina,(CHORISTODERA,((SQUAMATA,Gephyrosaurus),((Protorosaurus,((Drepanosa
urus,Megalancosaurus),(Macrocnemus,(Langobardisaurus, Tanystropheus.longobardicus)))),(
Trilophosaurus,((Prolacerta,(Euparkeria,Proterosuchus)),(Mesosuchus,(Howesia.browni,(Rhy
nchosaurus.articeps,(Stenaulorhynchus.stockleyi,(Hyperodapedon.gordoni,Hyperodapedon.sa

njuanensis)))))))))));

Basal + Sauropterygia + Parareptilia

tree Reiszetal2011 =
(Paleothyris,(Thuringothyris,(Concordia,(Rhiodenticulatus,((Romeria.texana,Romeria.prima),
(Protocaptorhinus,(Saurorictus,((Captorhinus.laticeps,(Captorhinus.magnus,Captorhinus.aguti
)),(Captorhinikos,(Labidosaurus,(Labidosaurikos,(Moradisaurus,(Rothianiscus,Gansurhinus)))
DM));

tree Sumidaetal2010 =
(Thuringothyris,(Concordia,(Romeria.texana,(Protocaptorhinus,(Reiszorhinus,(Rhiodenticulat
us,(Saurorictus,((Captorhinus.laticeps,Captorhinus.aguti),(Labidosaurus,Labidosaurikos)))))))
);

tree minisupertree?7 =
(Casea.broilii,(MESOSAURIDAE,(Procolophon.trigoniceps,Milleretta.rubidgei),(Coelostegu
s,((Brouffia,(Paleothyris,(Hylonomus,((Araeoscelis,Petrolacosaurus),(Cephalerpeton,(Anthrac
odromeus,Protorothyris.archeri)))))),(Thuringothyris,(Concordia,(Romeria.texana,(Protocapto
rhinus,Rhiodenticulatus,(Saurorictus,((Labidosaurikos,Labidosaurus),(Captorhinus.aguti,Capt
orhinus.laticeps)))))))));

tree minisupertree8 =
(MESOSAURIDAE,((Ophiacodon.retroversus,(Casea.broilii,(Ophiacodon.mirus,(Edaphosaur
us.cruciger,(Sphenacodon,(Biarmosuchus.tener,(Anteosaurus.magnificus,(Gorgonops.torvus, (
Dicynodon.lacerticeps,(Lychosuchus.vanderrieti,(Procynosuchus.delaharpeae,(Thrinaxodon,(
Diademodon,(Exaeretodon,(Kayentatherium,(Morganucodon,PLACENTA))))))N)))))),((Mil
leretta.rubidgei,(Macroleter.poezicus,(Lanthanosuchus,Acleistorhinus),((Owenetta.rubidgei,Pr
ocolophon.trigoniceps),(Bradysaurus.baini,Bradysaurus.seeleyi,(Anthodon.serrarius,(Pareiasa
urus.serridens,Scutosaurus.kapinskii)))))),(Captorhinus.aguti,(Paleothyris,(Araeoscelis,(Claud
iosaurus,(Youngina,((KUEHNEOSAURIDAE,(((Planocephalosaurus, SQUAMATA),(Odonto
chelys.semitestacea, OTHER.CHELONIA,Proganochelys.quenstedti)),(Simosaurus,(Cyamodu




s.rostratus,Placodus)))),(CHORISTODERA, (Hyperodapedon, Trilophosaurus.buettneri),Prola
certa,(Protorosaurus,(Proterosuchus,(Erythrosuchus,(Proterochampsa,(DINOSAURIA,(CRO
CODYLIA,(Protosuchus.richardsoni,(Paratypothorax,((Rutiodon,Pseudopalatus),(Desmatosu
chus.haplocercus,(Coahomasuchus.kahleorum, Typothorax.coccinarum))))))))N)N)N))));

tree DeBraga&Reisz1995 =
(Paleothyris,((Spinoaequalis,(Petrolacosaurus,Araeoscelis)),(Apsisaurus,(Hovasaurus,(Aceros
odontosaurus,Youngina)))));

tree Laurin&Reisz1997 = (Casea.broilii,(Captorhinus.aguti,Procolophon.trigoniceps));

tree Lee2001 =
((Casea.broilii,(Ophiacodon.mirus,(Edaphosaurus.cruciger,(Sphenacodon,(Gorgonops.torvus,
Procynosuchus.delaharpeae))))),((Milleretta.rubidgei,((Lanthanosuchus,Acleistorhinus),(Nyct
eroleter,(Procolophon.trigoniceps,(Pareiasaurus.serridens,Proganochelys.quenstedti))))),(Capt
orhinus.aguti,(Protorothyris.archeri,(Araeoscelis,(Claudiosaurus,(Youngina,(((Placodus,Simo
saurus),(KUEHNEOSAURIDAE,(Planocephalosaurus,SQUAMATA))),(CHORISTODERA,(
Prolacerta,(DINOSAURIA,(Trilophosaurus.buettneri,Hyperodapedon)))))))))));

tree Modesto&Reisz2002 =

(Paleothyris,((Petrolacosaurus,Araeoscelis),(Coelurosauravus, (Apsisaurus,((Acerosodontosau
rus,Youngina),(Lanthanolania,Planocephalosaurus,SQUAMATA, (Prolacerta,(Trilophosaurus.
buettneri,Hyperodapedon))))))));

tree Muller2003 =
(PLACENTA,(Procolophon.trigoniceps,(Captorhinus.aguti,(Araeoscelis,(Apsisaurus,(Youngi
na,(Claudiosaurus,(KUEHNEOSAURIDAE,(Coelurosauravus,((Thalattosaurus.alexandrae,IC
HTHYOPTERYGIA),((Tanystropheus,(Trilophosaurus.buettneri,(Prolacerta,(Hyperodapedon
,DINOSAURIA)))),(CHORISTODERA, ((Simosaurus,Placodus),(Proganochelys.quenstedti,(
SQUAMATA ,Planocephalosaurus))))))N))));

tree Rieppel&DeBraga =

(PLACENTA, (Procolophon.trigoniceps,(Captorhinus.aguti,(Paleothyris,(Araeoscelis,(Claudio
saurus,(Youngina,(DINOSAURIA,(SQUAMATA, (Proganochelys.quenstedti,(Placodus,Simo
saurus))))))))

tree minisupertree5 =
(Bunostegos.akokanensis,Lanthanosuchus,Sclerosaurus.armatus,Procolophon.trigoniceps,Bar
asaurus,Owenetta.rubidgei,(Bradysaurus.seeleyi,(Nochelesaurus.alexanderi,Bradysaurus.baini
,(Embrithosaurus.schwarzi,(Deltavjatia.mesensis,((Nanoparia.luckhoffi,(Provelosaurus.americ
anus,(Anthodon.serrarius,(Proganochelys.quenstedti,Pumiliopareia.pricei)))),((Shansisaurus.x
uecunensis,(Shihtienfenia.permica,(Pareiasuchus.nasicornis,Pareiasuchus.peringueyi))),(Parei
asaurus.serridens,(Parasaurus.geinitzi,((Arganaceras.vacanti,Elginia.mirabilis),(Scutosaurus.k
apinskii,Sanchuansaurus)))))))))));

tree minisupertree6 =
(PLACENTA,((Captorhinus.aguti,(Paleothyris,(Youngina,Araeoscelis))),(MESOSAURIDAE
,(Milleretta.rubidgei,(Eunotosaurus,(Proganochelys.quenstedti,Odontochelys.semitestacea)), (
Microleter,(Australothyris,((Feeserpeton,(Lanthanosuchus,(Colobomycter,Acleistorhinus))),(
Nyctiphruretus,((Eudibamus.cursoris,Belebey.vegrandis),(Procolophon.trigoniceps,(Owenetta
.rubidgei,Barasaurus)),((Bradysaurus.baini,(Scutosaurus.kapinskii,Pareiasuchus.peringueyi)),(
(Tokosaurus,Macroleter.poezicus),(Rhipaeosaurus,Bashkyroleter.bashkyricus,Nycteroleter,E
meroleter,Bashkyroleter.mesensis))))))))))));

tree Cisnerosetal2004 =
((Barasaurus,(Owenetta.rubidgei,(Saurodectes,(Owenetta.kitchingorum,Candelaria)))),(Colett
a.seca,(Sauropareion.anoplus,Procolophon.trigoniceps)));

tree Cisnerosetal2008 =
(MESOSAURIDAE,((Nyctiphruretus,Macroleter.poezicus),((Eunotosaurus,Milleretta.rubidge
i),(Broomia.perplexa,(Millerosaurus.nuffieldi,(Milleropsis.pricei,Millerosaurus.ornatus))))));



tree Leel995 =
((Nyctiphruretus,Nycteroleter),(((Owenetta.rubidgei,Barasaurus),Procolophon.trigoniceps),(L
anthanosuchus,(Sclerosaurus.armatus,Pareiasaurus.serridens))));

tree Leel1997 =
((Nycteroleter,Nyctiphruretus),((Procolophon.trigoniceps,(Owenetta.rubidgei,Barasaurus)),(L
anthanosuchus,(Sclerosaurus.armatus,(Bradysaurus.seeleyi,(Bradysaurus.baini,Nochelesaurus
.alexanderi,(Embrithosaurus.schwarzi,(Deltavjatia.mesensis,(((Shansisaurus.xuecunensis, (Shi
htienfenia.permica,(Pareiasuchus.peringueyi,Pareiasuchus.nasicornis))),(Pareiasaurus.serriden
s,((Sanchuansaurus,Scutosaurus.kapinskii),Elginia.mirabilis))),(Provelosaurus.americanus, (A
nthodon.serrarius,Pumiliopareia.pricei)))))))))));

tree MacDougall&Modesto2010 =
(Owenetta.rubidgei,(Coletta.seca,Pintosaurus.magnidentes,Sauropareion.anoplus,Kitchingnat
hus.utabeni,(Phaantosaurus,((Eumetabolodan.dongshengensis, Theledectes.perforatus),(Tichvi
nskia.vjatkensis,(((Timanophon.raridentatus,(Kapes, Thelophon.contritus)),(Eumetabolodan.b
athycephalus,(Procolophon.trigoniceps, Thelerpeton.oppressus, Teratophon.spinigenis))),(Pent
aedrusaurus.ordosianus,(Neoprocolophon.asiaticus,Phonodus.dutoitorum,((Sclerosaurus.arma
tus,Scoloparia.glyphanodon),(Leptopleuron.lacertinum,(Hypsognathus.fenneri,Soturnia.caliod
om))MN)));

tree Modesto&Damiani2007 =
(((Owenetta.rubidgei,Barasaurus),(Owenetta.kitchingorum,Candelaria)),(Coletta.seca,(Saurop
areion.anoplus,(Phaantosaurus,(Procolophon.trigoniceps, Thelerpeton.oppressus,(Tichvinskia.
vjatkensis,(Scoloparia.glyphanodon,(Leptopleuron.lacertinum,Hypsognathus.fenneri))))))));
tree Modesto&DamianiDeBraga =
(Lanthanosuchus,(Macroleter.poezicus,(Pareiasaurus.serridens,((Owenetta.rubidgei,Barasauru
s),Sauropareion.anoplus,(Procolophon.trigoniceps,Sclerosaurus.armatus,Koiloskiosaurus,Tich
vinskia.vjatkensis,(Thelegnathus,(Leptopleuron.lacertinum,Hypsognathus.fenneri)))))));

tree Modesto&DamianiPineiro =
(Owenetta.kitchingorum,(Owenetta.rubidgei,(Pintosaurus.magnidentes,Coletta.seca,Sauropare
ion.anoplus,Phaantosaurus, Tichvinskia.vjatkensis,(Procolophon.trigoniceps, Thelegnathus,(Sc
oloparia.glyphanodon,(Leptopleuron.lacertinum,Hypsognathus.fenneri))))));

tree Modestoetal2001 =
((Barasaurus,0Owenetta.rubidgei,Owenetta.kitchingorum),(Coletta.seca,(Sauropareion.anoplus
,(Phaantosaurus,(Tichvinskia.vjatkensis,(Procolophon.trigoniceps,Hypsognathus.fenneri))))));
tree Modestoetal2002 =
(Coletta.seca,(Phaantosaurus,(Tichvinskia.vjatkensis,(Procolophon.trigoniceps,Leptopleuron.|
acertinum))));

tree Modestoetal2003 =
(((Barasaurus,Owenetta.rubidgei,Saurodectes),Owenetta.kitchingorum),(Coletta.seca,(Saurop
areion.anoplus,Procolophon.trigoniceps)));

tree Mulleretal2008 =
(Acleistorhinus,Owenetta.rubidgei,(Eudibamus.cursoris,((Bolosaurus.striatus,Bolosaurus.gran
dis),(Belebey.chengi,Belebey.vegrandis,Belebey.maximi))));

tree Reisz&Scott2002 =
(Petrolacosaurus,(MESOSAURIDAE,(Milleretta.rubidgei,((Macroleter.poezicus,(Pareiasauru
s.serridens,(Procolophon.trigoniceps,(Owenetta.rubidgei,Barasaurus)))),(Acleistorhinus,Lanth
anosuchus)))));

tree Saila2008 =

(Nyctiphruretus, ((Barasaurus,Owenetta.kitchingorum),(Coletta.seca,(Sauropareion.anoplus, (((
(Procolophon.trigoniceps, Thelerpeton.oppressus, Teratophon.spinigenis),(((Hypsognathus.fen
neri,Leptopleuron.lacertinum),Scoloparia.glyphanodon),(Kapes,Anomoiodon))), Tichvinskia.v
jatkensis),Phaantosaurus)))));



tree Sues&Reisz2008 =
(Lanthanosuchus,(Macroleter.poezicus,(Owenetta.kitchingorum,(Sauropareion.anoplus,(Proc
olophon.trigoniceps,(Tichvinskia.vjatkensis,(Sclerosaurus.armatus,(Hypsognathus.fenneri,Le
ptopleuron.lacertinum),Scoloparia.glyphanodon)))))));

tree Tsuji2006 =
(MESOSAURIDAE,((Eunotosaurus,Milleretta.rubidgei),((Acleistorhinus,Lanthanosuchus),((
Belebey.vegrandis,Eudibamus.cursoris),((Procolophon.trigoniceps,(Owenetta.rubidgei,Barasa
urus)),(Nyctiphruretus,(Macroleter.poezicus,(Bradysaurus.baini,Scutosaurus.kapinskii))))))));
tree minisupertreel0 =
(Captorhinus.aguti,(Araeoscelis,(Claudiosaurus,(Youngina,((Trilophosaurus.buettneri,(Prolac
erta,(CHORISTODERA,(DINOSAURIA,Hyperodapedon)))),((KUEHNEOSAURIDAE,(SQ
UAMAT A, Planocephalosaurus)),((Odontochelys.semitestacea,Proganochelys.quenstedti),(Th
alattosaurus.alexandrae,((Cyamodus.rostratus,Placodus),((Corosaurus,(Cymatosaurus,(Yungu
isaurus,(Pistosaurus,(Bobosaurus,(Augustasaurus,(Thalassiodracon.hawkinsi,Plesiosaurus.dol
ichodeirus))))))),(Hanosaurus,(Wumengosaurus, (Qianxisaurus,((Dactylosaurus,Neusticosauru
s.pusillus,Anarosaurus),(Dianopachysaurus,(Keichousaurus,Diandongosaurus,(Chinchenia, (S
anchiaosaurus,Kwangsisaurus)),(Simosaurus,(Germanosaurus,(Nothosaurus.mirabilis,((Larios
aurus.curionii,Lariosaurus.balsami),(Lariosaurus.buzzi,(Lariosaurus.valceresii,(Lariosaurus.xi
ngyiensis, Lariosaurus.calcagnii)))))))))))))))M)));

tree Druckmiller&Russell2008 =
(Cymatosaurus,(Augustasaurus,(((CRYPTOCLIDIA,Plesiosaurus.dolichodeirus),(Thalassiodr
acon.hawkinsi,Pleisiopterys.wildi)),(Rhomalesaurus.victor,(Rhomalesaurus.megacephalus,(M
acroplata.tenuiceps,(PLIOSAURIDAE,(Leptocleidus,(Umoonasaurus.demoscyllus,(Polycotyl
us.latipinnis,(Dolichorhynchops.osborni,Edgarosaurus.muddi)))))))))));

tree Holmesetal2008 =
(Anarosaurus,Dactylosaurus,Neusticosaurus.pusillus,Neusticosaurus.peyeri,Neusticosaurus.ed
wardsi,Neusticosaurus.toeplitschi,Keichousaurus,Serpianosaurus,Hanosaurus,(Cymatosaurus,
(Lariosaurus.balsami,Nothosaurus.mirabilis),Pistosaurus,Simosaurus,Placodus));

tree Klein&Albers2009 =
(Simosaurus,(Germanosaurus,(Nothosaurus.juvenilis,Nothosaurus.winkelhorsti,(Nothosaurus.
yangiuanensis,Nothosaurus.youngi,Nothosaurus.edingerae,Nothosaurus.marchicus,Nothosaur
us.winterswijkensis,(Nothosaurus.giganteus,Nothosaurus.mirabilis,Nothosaurus.jagisteus,(No
thosaurus.haasi,Nothosaurus.tchernovi))))));

tree Lietal2011 =

((Odontochelys.semitestacea,(Proganochelys.quenstedti, OTHER.CHELONIA)),((Helveticosa
urus,Eusaurosphargis),((Thalattosaurus.alexandrae,(Saurosphargis,Sinosaurosphargis)),Simos
aurus)));

tree OKeefe2004 =

(Cymatosaurus, (Pistosaurus,((Pleisiopterys.wildi,(Plesiosaurus.dolichodeirus,(Microcleidus,E
LASMOSAURIDAE,(CRYPTOCLIDIA,(Tricleidus,(Kimmerosaurus,Morturneria),((Edgaros
aurus.muddi,Polycotylus.latipinnis),(Dolichorhynchops.osborni, Trinacromerum))))))),(Thalas
siodracon.hawkinsi,(Eurycleidus,(Attenborosaurus,(PLIOSAURIDAE,((Rhomalesaurus.victo
r,Rhomalesaurus.megacephalus),(Macroplata.tenuiceps,(Rhomalesaurus.zetlandicus,(Simolest
es,Leptocleidus)))))))))));

tree Rieppel2000a =
((Simosaurus,Nothosaurus.mirabilis),(Paraplacodus,(Placodus,((Henodus,Cyamodus.rostratus
),(Macroplacus,(Protenodontosaurus,(Placochelys,Psephoderma)))))));

tree Rieppel2000b =
(Paraplacodus,(Placodus,((Henodus,(Cyamodus.rostratus,Cyamodus.kuhnschnyderi)),(Macro
placus,(Protenodontosaurus,(Placochelys,Psephoderma))))));



tree Rieppel&Zannon1997 =
(Youngina,((Simosaurus,Neusticosaurus.pusillus),((Placodus,Paraplacodus),Henodus,Cyamo
dus.rostratus,Psephoderma,Placochelys)));

tree Storrs1993 =
(Captorhinus.aguti,(Petrolacosaurus,(Youngina,(Claudiosaurus,((Neusticosaurus.pusillus,Serp
lanosaurus,(Anarosaurus,(Dactylosaurus,Keichousaurus))),(Placodus,((Corosaurus,(Simosaur
us,(Cymatosaurus,(Paranothosaurus,Nothosaurus.mirabilis,(Silvestorsaurus,(Lariosaurus.bals
ami,Ceresiosaurus)))))),(Pistosaurus,(Plesiosaurus.dolichodeirus,PLIOSAURIDAE)))))));
tree Muller2005 =
(Youngina,(((Askeptosaurus.italicus,Anshuansaurus.huangguoshuensis),Endennasaurus.acutir
ostris),((((Thalattosaurus.alexandrae,(Clarazia.schinzi,Hescheleria.ruebeli)),Paralonectes.merr
iami),Agkistrognathus.campbelli),(Xinpusaurus.baomaolinensis,Nectosaurus.halius))));

tree Liu&Rieppel2005 =
(((Askeptosaurus.italicus,Anshuansaurus.huangguoshuensis),Endennasaurus.acutirostris), ((((
Thalattosaurus.alexandrae, Thalattosaurus.borealis),(Clarazia.schinzi,Hescheleria.ruebeli,Paral
onectes.merriami,Nectosaurus.halius)),(Xinpusaurus.suni,Xinpusaurus.baomaolinensis)),Agki
strognathus.campbelli));

tree Jiangetal2003 =
(Askeptosaurus.italicus,(Anshuansaurus.huangguoshuensis,(Clarazia.schinzi,Hescheleria.rueb
eli,(Thalattosaurus.alexandrae,(Xinpusaurus.baomaolinensis,Nectosaurus.halius)))));

tree Wuetal2009 =
((((Askeptosaurus.italicus,Miodentosaurus),(Anshuansaurus.wushaensis,Anshuansaurus.huan
gguoshuensis)),Endennasaurus.acutirostris),((((Thalattosaurus.alexandrae,(Clarazia.schinzi,H
escheleria.ruebeli)),Paralonectes.merriami),Agkistrognathus.campbelli),(Xinpusaurus.baomao
linensis,Nectosaurus.halius)));

tree minisupertree7 =
(PLACENTA,(Procolophon.trigoniceps,(Captorhinus.aguti,(Araeoscelis,(Orovenator, Apsisau
rus,Youngina,Galesphyrus, Thadeosaurus,Lanthanolania,Kenyasaurus, Tangasaurus,Acerosodo
ntosaurus,Hovasaurus,(Claudiosaurus,(Coelurosauravus,(Saurosternon,Palaeagama),(Protoros
aurus,CHORISTODERA,((Hupehsuchus,ICHTHYOPTERY GIA),(Askeptosaurus.italicus,(Th
alattosaurus.alexandrae,Clarazia.schinzi))),(Proganochelys.quenstedti,(Helveticosaurus,(Placo
dus,(Serpianosaurus,(Simosaurus,Pistosaurus))))),(Tanystropheus,(Macrocnemus,(Prolacerta,(
Trilophosaurus.buettneri,(Hyperodapedon,DINOSAURIA))))),((Drepanosaurus,(Pamelina,K
UEHNEOSAURIDAE)),(Marmoretta,(Sophineta,(Planocephalosaurus, SQUAMATA)))))))))

)

Ichthyopterygia

tree Jiangetal2006 =
((Mixosaurus.panxianensis,(Mixosaurus.cornalianus,Mixosaurus.kuhnschnyderi)),((Phalarodo
n.fraasi,Phalarodon.callawayi),Contectopalatus.atavus));

tree Maisch&Matzke2003a =
(Thaisaurus,(Utatsusaurus,((Grippia.longirostris,Chaohusaurus),(Parvinatator,((Wimanius,(Mi
xosaurus.cornalianus,(Phalarodon.fraasi,Contectopalatus.atavus))),((Toretocnemus,Qianichth
yosaurus),((Cymbospondylus.petrinus,Phantomosaurus),(Merriamosaurus,(Besanosaurus,(Sha
stasaurus,(Shonisaurus,(Mikadocephalus.gracilirostris,(Californosaurus,(Callawayia,(Macgow
ania,Hudsonelpidia,(Temnodontosaurus.platyodon,((Leptonectes,Eurhinosaurus),(Suevoleviat
han,(Ichthyosaurus,(Stenopterygius, OPTHALMOSAURIAD)IM)IMNIIN));

tree Maisch&Matzke2003b =

(Thaisaurus,(Utatsusaurus, ((Grippia.longirostris,Chaohusaurus),(Parvinatator,(Quasianosteosa
urus,((Wimanius,(Mixosaurus.cornalianus,(Phalarodon.fraasi,Contectopalatus.atavus))),((Tor
etocnemus,Qianichthyosaurus),((Cymbospondylus.petrinus,Phantomosaurus),(Merriamosauru




s,(Besanosaurus,(Shastasaurus,(Shonisaurus,(Mikadocephalus.gracilirostris,Californosaurus, (
Callawayia,(Macgowania,Hudsonelpidia,(Temnodontosaurus.platyodon,((Leptonectes,Eurhin
osaurus),(Suevoleviathan,(Ichthyosaurus,(Stenopterygius, OPTHALMOSAURIA))INNIND)))
M)

tree Maisch&Matzke2005 =
(Grippia.longirostris,((Cymbospondylus.petrinus,Mikadocephalus.gracilirostris),(Mixosaurus.
maotaiensis,((Mixosaurus.cornalianus,Mixosaurus.kuhnschnyderi),(Contectopalatus.atavus, (P
halarodon.callawayi,(Phalarodon.major,Phalarodon.fraasi)))))));

tree Sander2000 =
((Petrolacosaurus,Araeoscelis),(Grippia.longirostris,(Utatsusaurus,((Mixosaurus.cornalianus,P
halarodon.fraasi),((Shonisaurus,(Besanosaurus,Cymbospondylus.petrinus)),(Temnodontosaur
us.platyodon,(Temnodontosaurus.burgundiae,(Suevoleviathan,(Platypterygius,(Eurhinosaurus
,(Ichthyosaurus, (Leptonectes, (Stenopterygius, OPTHALMOSAURIA))MN));

tree minitree =

(Claudiosaurus,((Hovasaurus, Thadeosaurus),(Hupesuchus,(Utatsusaurus,Parvinatator,(Xinmi
nosaurus,(Chaohusaurus,Grippia.longirostris,((Cymbospondylus.buchseri,Cymbospondylus.p
etrinus),((Phalarodon.fraasi,Contectopalatus.atavus,Mixosaurus.cornalianus),((Besanosaurus,
Guizhouichthyosaurus,(Shonisaurus,(Callawayia,Shastasaurus)))),((Qianichthyosaurus, Toreto
cnemus),(Californosaurus,(Macgowania,(Hudsonelpidia,(Suevoleviathan,(Temnodontosaurus.
platyodon,((Stenopterygius,(OPTHALMOSAURIA, Ichthyosaurus)),(Leptonectes,(Eurhinosa

urus,Excalibosaurus)))))))NNN)));

Lepidosauromorpha

tree Apesteguia&Novas2003 =
(Diphydontosaurus,(Homeosaurus.maximilliani,((Brachyrhinodon.taylori,Clevosaurus.hudson
1),(Palaeopleurosaurus.posidoniae,((Kallimodon,Sapheosaurus.thiolleri),(Pamizinsaurus,((Zap
atadon,(Sphenodon.punctatus,Cynosphenodon.huizachalensis)),(Opisthias,(Toxolophosaurus,
(Eilenodon,Priosphenodon))))))))));

tree Apesteguiaetal2012 =
(Diphydontosaurus,(Planocephalosaurus.robinsonae,(Rebbanasaurus,((Sphenocondor,Godava
risaurus),((Clevosaurus.hudsoni,Brachyrhinodon.taylori),(Palaeopleurosaurus.posidoniae,((Sa
pheosaurus.thiolleri,Kallimodon),((Theretairus,Sphenovipera),(Homeosaurus.maximilliani,Za
patadon,Cynosphenodon.huizachalensis,Sphenodon.punctatus,Ankylosphenodon,(Kawasphen
odon,Opisthias,(Kaikaifilusaurus,Eilenodon, Toxolophosaurus)))))))))));

tree Dupret2004 =
(Youngina,SQUAMATA,(Gephyrosaurus.bridensis,(Diphydontosaurus,Planocephalosaurus.r
obinsonae,(Polysphenodon.muelleri,Homeosaurus.maximilliani,((Cynosphenodon.huizachale
nsis,Sphenodon.punctatus),(((Pleurosaurus.goldfussi,Pleurosaurus.ginsburgi),Palaeopleurosau
rus.posidoniae),Sapheosaurus.thiolleri)),Brachyrhinodon.taylori,Clevosaurus.hudsoni))));

tree Evans&BorsulBialynicka2009 =
(Youngina,Coelurosauravus,Saurosternon,(Prolacerta,((Kuehneosaurus,Paliguana),(Marmoret
ta,(Sophineta,(Gephyrosaurus.bridensis, SQUAMATA))))));

tree Gauthieretal1988 =

(((Tangasaurus, Youngina),Acerosodontosaurus),Palaeagama,(Paliguana,Saurosternon,(Kuehn
eosaurus,((Gephyrosaurus.bridensis,(Clevosaurus.hudsoni,(Homeosaurus.maximilliani,Saphe
osaurus.thiolleri,Sphenodon.punctatus))),SQUAMATA))));

tree Rauhautetal2012 =
(SQUAMATA,(Gephyrosaurus.bridensis,(Diphydontosaurus,(Planocephalosaurus.robinsonae
,((Homeosaurus.maximilliani,(Brachyrhinodon.taylori,Clevosaurus.hudsoni,Clevosaurus.wan
0i)),((Palaeopleurosaurus.posidoniae,Pleurosaurus.goldfussi),((Kallimodon,Sapheosaurus.thio




lleri),((Sphenodon.punctatus,(Oenosaurus,(Cynosphenodon.huizachalensis,Zapatadon))),(Opi
sthias,(Toxolophosaurus,(Eilenodon,Priosphenodon)))))))))));

tree Reyn0s02000 =
(Diphydontosaurus,Gephyrosaurus.bridensis,(Planocephalosaurus.robinsonae,(Palaeopleurosa
urus.posidoniae,Clevosaurus.hudsoni,(Brachyrhinodon.taylori,Polysphenodon.muelleri),Pami
zinsaurus,Homeosaurus.maximilliani,Sapheosaurus.thiolleri,Kallimodon,(Sphenodon.punctat
us,Cynosphenodon.huizachalensis),Zapatadon,(Toxolophosaurus,Eilenodon,Ankylosphenodo
n))));

tree Suesetal1994 =
(Gephyrosaurus.bridensis,(Diphydontosaurus,(Planocephalosaurus.robinsonae, (Polysphenodo
n.muelleri,(Brachyrhinodon.taylori,((Clevosaurus.hudsoni,Clevosaurus.petilius),(Clevosaurus
.bairdi,Clevosaurus.mcgilli))),Homeosaurus.maximilliani,Kallimodon,Palaeopleurosaurus.pos
idoniae,Sphenodon.punctatus))));

Synapsida
tree Amson&Laurin2011 =

(Dimetrodon.limbatus,(Tetraceratops,(Raranimus.dashankouensis, ((((Biarmosuchus.tener,(Hi
pposaurus,(Herpetoskylax,(Lycaenodon,(Lemurosaurus,(Proburnetia,Burnetia)))))),(Gorgono
ps.torvus,(Cyonosaurus,Lycaenops))),(Biseridens.qgilianicus,(Patranomodon,Suminia))),(((Syo
don.biarmicum,Titanophoneus.potens),Sinophoneus.yumenensis),((Styracocephalus,Jonkeria)
,Estemmenosuchus.uralensis))))));

tree Angielczyk&Rubidge2012 =

(Eodicynodon.oosthuizeni,(Colobodectes,(Lanthanostegus, ((Eosimops,(Robertia,(Prosictodon
,Diictodon))),((Chelydontops,Endothiodon),(Pristerodon,((Emydops.arctatus,((Myosaurus,(Di
cynodontoides,Kombuisia.frerensis)),(Cistecephalus,(Cistecephaloides,Kawingasaurus)))),((R
hachiocephalus.magnus,((Oudenodon.bainii,(Tropidostoma,Australobarbarus)),(Odontocyclo
ps.dubius,(ldelesaurus,(Aulacephalodon.bainii,(Pelanomodon.tuberosus,Geikia.locusticeps))))
), Interpresosaurus,Elph,(Katumbia.parringtoni,(Delectosaurus,(Dicynodon.lacerticeps, (Lystr
osaurus.murrayi,Dicynodon.trautscholdi,Dicynodon.amalitzkii,Kannemeyeria.simocephala))))
M)

tree Benson2012 =
((Captorhinus.aguti,Protorothyris.archeri),(((Archaeothyris.florensis,(\Varanosaurus.acutirostri
s,(Ophiacodon.mirus,Stereophallodon.ciscoensis))),(Archaeovenator.hamiltonensis,(Pyozia.m
esenensis,((Mycterosaurus.longiceps,(Mesenosaurus.romeri,Heleosaurus.scholtzi)),((Varanop
s.brevirostris,(Watongia.meieri,VVaranodon.agilis)),(Ruthiromia.elcobriensis,(Aerosaurus.well
esi,Aerosaurus.greenleeorum))))))),(((Eothyris.parkeyi,Oedaleops.campi),(Oromycter.dolesor
um,(Casea.broilii,(Trichasaurus.texensis,(Euromycter.rutena,(Ennatosaurus.tecton,(Cotylorhy
nchus.romeri,Angelosaurus.romeri,Angelosaurus.dolani,(Cotylorhynchus.hancocki,Cotylorhy
nchus.bransoni)))))))),(lanthodon.schultzei,(lanthasaurus.hardestii,(Lupeosaurus.kayi,Glaucos
aurus.megalops,(Edaphosaurus.boanerges,Edaphosaurus.novomexicanus))),(Haptodus.garnett
ensis,(Pantelosaurus.saxonicus,((Raranimus.dashankouensis,(Biarmosuchus.tener,(Titanopho
neus.potens,Biseridens.qilianicus))),(Cutleria.wilmarthi,(Secodontosaurus.obtusidens,(Crypto
venator.hirschbergeri,(Dimetrodon.milleri,Sphenacodon)))))))))));

tree Bermanetal1995 =
(Mycterosaurus.longiceps,((lanthasaurus.hardestii,(Haptodus.garnettensis,Sphenacodon)),(Ar
chaeothyris.florensis,(Ophiacodon.mirus,Varanosaurus.acutirostris))));

tree Cisnerosetal2011 =
(Tetraceratops,(Raranimus.dashankouensis,(Lycosuchus.vanderrieti,((Biarmosuchus.tener,(G
orgonops.torvus,Herpetoskylax)),((Estemmenosuchus.uralensis,(Tapinocaninus.pamelae,(Tita
nophoneus.potens,Syodon.biarmicum))),(Biseridens.qilianicus,((Tiarajudens,Anomocephalus)



,((Galechirus,(Otsheria,(Suminia,Ulemica))),(Patranomodon,(Galeops,(Eodicynodon.oosthuiz
eni,(Diictodon,Robertia))))))))))));

tree Damianietal2007 =

(CCCCeccaschigualastia, Stanleckeria),Dolichuranus),Kannemeyeria.simocephala), Shansiodo
n),Vinceria), Tetragonias),Dinanomodon.rubidgei),Lystrosaurus.murrayi),((((Pelanomodon.tu
berosus,Oudenodon.bainii),Aulacephalodon.bainii),Dicynodon.lacerticeps),Daptocephalus.leo
niceps)),((Cistecephalus,Myosaurus),Rhachiocephalus.magnus),Dicynodontoides),Endothiod
on),((Diictodon,Robertia),Pristerodon)),Eodicynodon.oosthuizeni);

tree Frobisch&Reisz2011 =
(Titanophoneus.potens,Gorgonops.torvus,(Lycosuchus.vanderrieti,(Biseridens.qgilianicus,(Ano
mocephalus,((Otsheria,(Ulemica,Suminia)),(Galechirus,Galepus,Patranomodon,(Galeops,(Eo
dicynodon.oosthuizeni,(Colobodectes,((Diictodon,Robertia),((Pristerodon,(Lanthanostegus,(C
helydontops,Endothiodon))),(((Emydops.arctatus,Emydops.oweni),((Dicynodontoides,(Komb
uisia.frerensis,Kombuisia.antarctica)),(Myosaurus,(Cistecephalus,Cistecephaloides,Kawingas
aurus)))),((Rhachiocephalus.magnus,((Oudenodon.bainii, Tropidostoma,Australobarbarus),(ld
elesaurus,(Aulacephalodon.bainii,(Pelanomodon.tuberosus,(Geikia.elginensis,Geikia.locustice
ps))))),((Elph,Interpresosaurus),(Delectosaurus,(Dicynodon.lacerticeps, ((Lystrosaurus.murra
yi,Kannemeyeria.simocephala),(Dicynodon.amalitzkii,Dicynodon.trautscholdi)))))))))))))));
tree Frobischetal2010 =
(Ophiacodon.mirus,(Edaphosaurus.cruciger,(Haptodus.garnettensis,(Palaeohatteria,Pantelosau
rus.saxonicus, lanthodon.schultzei,(Cutleria.wilmarthi,((Secodontosaurus.obtusidens,(Cryptov
enator.hirschbergeri,(Sphenacodon,Ctenospondylus,Dimetrodon.limbatus))),(Biarmosuchus.te
ner, Titanophoneus.potens)))))));

tree Frobischetal2010b =
(Gorgonops.torvus,(Lycosuchus.vanderrieti,(Anomocephalus,(Patranomodon,((Galeops, (Otsh
eria,(Ulemica,Suminia))),(Eodicynodon.oosthuizeni,(Colobodectes,((Diictodon,Robertia),((Pr
isterodon,(Lanthanostegus,(Chelydontops,Endothiodon))),(((Emydops.arctatus,Emydops.owe
ni),((Dicynodontoides,(Kombuisia.frerensis,Kombuisia.antarctica)),(Myosaurus,(Cistecephalu
s,Cistecephaloides,Kawingasaurus)))),((Rhachiocephalus.magnus,((Oudenodon.bainii, Tropid
ostoma,Australobarbarus),(ldelesaurus,(Aulacephalodon.bainii,(Pelanomodon.tuberosus,(Gei
kia.elginensis,Geikia.locusticeps)))))),((Elph,Interpresosaurus),(Delectosaurus,(Dicynodon.lac
erticeps,((Lystrosaurus.murrayi,Kannemeyeria.simocephala),(Dicynodon.amalitzkii,Dicynodo
n.trautscholdi)))))))))))MN));

tree Sigurdsenetal2012 =
(Gorgonops.torvus,(Galepus,((Charassognathus.gracilis,(Dvinia.prima,Procynosuchus.delahar
peae)),(Lycosuchus.vanderrieti,(Glanosuchus.macrops, Ictidosaurus.angusticeps,Pristerognath
us.polyodon),((Euchambersia.mirabilis,(Promoschorhynchus.platyrhinus,Olivierosuchus.parri
ngtoni),(Cerdops.burgheri,Moschorhinus.kitchingi)),(Ictidostoma.hemburyi,Hofmeyria.atavus
,Mirotenthes.digitipes,(Viatkosuchus.sumini,(Moschowhaitsia.vjuschkovi, Theriognathus.micr
ops)),(Ictidosuchus.primaevus, Ictidosuchops.rubidgei, Ichtidosuchoides.longiceps,Regisaurus.
jacobi,Scaloposaurus.constrictus,Ericiolacerta.parva,Bauria,(Lycideops.longiceps,(Choerosau
rus.dejageri,(Tetracynodon.tenuis, Tetracynodon.darti))))))))));

tree Kammereretal2011 =
(Anomocephalus,(Patranomodon,((Suminia,(Otsheria,Ulemica)),((Galepus,Galechirus),(Gale
ops,(Eodicynodon.oelofseni,((Eodicynodon.oosthuizeni,Colobodectes),(Lanthanostegus,(Chel
ydontops,(Endothiodon, (Pristerodon,(((Diictodon,(Eosimops,(Prosictodon,Robertia))),(Emyd
ops.arctatus,((Dicynodontoides,Kombuisia.frerensis),(Myosaurus,(Cistecephalus,(Cistecephal
oides,Kawingasaurus)))))),((Keyseria.benjamini,(Dagingshanodon.limbus,((Oudenodon.bainii
,(Tropidostoma,Australobarbarus)),((Odontocyclops.dubius, Idelesaurus),((Rhachiocephalus.
magnus,Kitchinganomodon),((Aulacephalodon.bainii,Pelanomodon.tuberosus),(Geikia.locusti
ceps,Geikia.elginensis))))))),(Interpresosaurus,Elph,Katumbia.parringtoni,(Gordonia.traquairi,



(Delectosaurus,(Dicynodon.trautscholdi,((Dicynodon.lacerticeps,Dicynodon.huenei),((Daptoc
ephalus.leoniceps,(Dinanomodon.gilli,Dicynodon.amalitzkii)),((Jimusaria.sinkianensis,(Syops
.vanhoepeni,((Euptychognathus.bathyrhynchus,(Sintocephalus.alticeps,Basilodon.woodwardi)
),(Lystrosaurus.curvatus,((Lystrosaurus.declivis,Lystrosaurus.murrayi),(Lystrosaurus.maccaig
I,(Lystrosaurus.hedini,Kwazulusaurus.shakai))))))),(Turfanodon.bogdaensis,(((Dinodontosaur
us,(Dolichuranus,Rechnisaurus)),((Tetragonias, Vinceria),(Shansiodon,Rhinodicynodon))),(A
ngonisaurus,(Xiyukannemeyeria.brevirostris,((Uralokannemeyeria,(Parakannemeyeria.dolich
ocephala,(Rabidosaurus,(Kannemeyeria.simocephala,Kannemeyeria.lophorhina)))),(Sinokann
emeyeria.pearsoni,((Placerias,Moghreberia),((Rhadiodromus,Wadiasaurus),((Stahleckeria,San
gusaurus),(Jachaleria, Ischigualastia))))))))))))NNNNNNN));

tree Kissel&Reisz2004 =
(Ophiacodon.mirus,(Edaphosaurus.cruciger,(Haptodus.garnettensis,(Palaeohatteria,(lanthodo
n.schultzei,(Pantelosaurus.saxonicus,(Cutleria.wilmarthi,((Sphenacodon,Dimetrodon.limbatus
),(Biarmosuchus.tener, Titanophoneus.potens)))))))));

tree Liuetal2009b =
((Gorgonops.torvus,(Biarmosuchus.tener,Herpetoskylax)),((Biseridens.qgilianicus,(Anomocep
halus,((Otsheria,(Ulemica,Suminia)),(Patranomodon,(Galeops,Eodicynodon.oosthuizeni))))),(
Estemmenosuchus.uralensis,(Titanophoneus.potens,Syodon.biarmicum))));

tree Maddinetal2008 =
((Varanops.brevirostris,Mycterosaurus.longiceps),(Eothyris.parkeyi,(Oromycter.dolesorum,(C
asea.broilii,(Euromycter.rutena,(Ennatosaurus.tecton,(Cotylorhynchus.romeri,Angelosaurus.d
olani)))))));

tree Mayierski&Reisz2010 =
(Ophiacodon.mirus,(Haptodus.garnettensis,(lanthasaurus.hardestii,(Glaucosaurus.megalops, L
upeosaurus.kayi,(Edaphosaurus.novomexicanus,(Edaphosaurus.colohistion,(Edaphosaurus.bo
anerges,(Edaphosaurus.cruciger,Edaphosaurus.pogonias))))))));

tree Modesto1994 =
(Captorhinus.aguti,((Cotylorhynchus.romeri,Eothyris.parkeyi),(Mycterosaurus.longiceps,(Hap
todus.garnettensis, (lanthasaurus.hardestii,(Glaucosaurus.megalops,Edaphosaurus.cruciger)))))
);

tree Modestoetal2003 =
(Patranomodon,(Galeops,(Eodicynodon.oelofseni,(Eodicynodon.oosthuizeni,(Colobodectes, ((
Diictodon,Robertia),(Emydops.arctatus,(Pristerodon,Chelydontops))))))));

tree Ray2006 =
(Robertia,((Diictodon,Pristerodon),(Cistecephalus,(Kingoria,(Dicynodon.lacerticeps, (Lystrosa
urus.murrayi,(Kannemeyeria.simocephala,(Wadiasaurus,(Stahleckeria,Placerias)))))))));

tree Reiszetal1992 =
(Archaeothyris.florensis,(lanthasaurus.hardestii,(Haptodus.garnettensis,((Sphenacodon,(Cteno
spondylus,(Dimetrodon.limbatus,Secodontosaurus.obtusidens))), Titanophoneus.potens))));
tree Reiszetal2009 =
(Petrolacosaurus,((((Cotylorhynchus.romeri,Euromycter.rutena),Casea.broilii),(Eothyris.parke
yi,Oedaleops.campi)),((Archaeothyris.florensis,Ophiacodon.mirus),(((Mesenosaurus.romeri,
Mycterosaurus.longiceps),Varanops.brevirostris),Archaeovenator.hamiltonensis))));

tree Rieszetal2010 =
(((Casea.broilii,Eothyris.parkeyi),((Archaeothyris.florensis,Ophiacodon.mirus),(Archaeovenat
or.hamiltonensis,(Apsisaurus,(Mycterosaurus.longiceps,Mesenosaurus.romeri,(Elliotsmithia,(
Aerosaurus.greenleeorum,(Varanops.brevirostris,Varanodon.agilis)))))))),(Captorhinus.aguti,(
Paleothyris,((Petrolacosaurus,Araeoscelis),(Coelurosauravus, ((Acerosodontosaurus, Youngina
),(((Trilophosaurus.buettneri,Prolacerta),Hyperodapedon),(Planocephalosaurus, SQUAMATA

MM);



tree Rubidge&Kitching2003 =
((Hipposaurus,(Bullacephalus,(Proburnetia,Burnetia))),(Australosyodon.nyaphuli,(Gorgonops
torvus,Ictidosuchus.primaevus)));

tree Rubidge&vandenHeever1997 =
(Anteosaurus.magnificus,(Estemmenosuchus.uralensis,(Styracocephalus,(Jonkeria, Tapinocani
nus.pamelae))));

tree Rubidgeetal2006 =
(((Titanophoneus.potens,Syodon.biarmicum),(Jonkeria,Estemmenosuchus.uralensis)),(Gorgo
nops.torvus,(Biarmosuchus.tener,(Hipposaurus,(Lycaenodon,Herpetoskylax,(Lemurosaurus,(
Lobalopex,(Proburnetia,(Burnetia,(Pachydectes,Bullacephalus))))))))));

tree Sidor&Hopson1998 =
(Edaphosaurus.cruciger,(Haptodus.garnettensis,(Sphenacodon,(Biarmosuchus.tener,((Anteosa
urus.magnificus,Estemmenosuchus.uralensis),(Dicynodon.lacerticeps,(Gorgonops.torvus, (Icti
dosuchus.primaevus,(Dvinia.prima,(Procynosuchus.delaharpeae,(Galesaurus,(Thrinaxodon,(C
ynognathus,(Probelesodon,(Probainognathus,(Pachygenelus,(Sinoconodon,Morganucodon))))
DMMMN));

tree Sidor&Rubidge2006 =

(Dimetrodon.limbatus,(((Syodon.biarmicum, Titanophoneus.potens),(Jonkeria,Estemmenosuc
hus.uralensis)),(Patranomodon,Suminia),Biarmosuchus.tener,(Hipposaurus,(Herpetoskylax, L
ycaenodon,(Ictidorhinus,(Lobalopex,Lemurosaurus))))));

tree Sidor&Welman2003 =
(Dimetrodon.limbatus,(Anteosaurus.magnificus,(Biarmosuchus.tener,(Hipposaurus,(Lycaeno
don,Herpetoskylax,(Ictidorhinus,(Lemurosaurus,(Proburnetia,(Bullacephalus,Burnetia)))))))));
tree Surkovetal2005 =

((((((((((((((Dinodontosaurus, Stahleckeria, Ischigualastia), Wadiasaurus,Placerias), Kannemeyer
ia.simocephala,Zambiasaurus),Rhinodicynodon, Tetragonias,Angonisaurus),((Lystrosaurus.ge
orgi,Lystrosaurus.curvatus),Lystrosaurus.murrayi,Lystrosaurus.maccaigi)),Dicynodon.trigono
cephalus,Oudenodon.bainii),Aulacephalodon.bainii),Pelanomodon.tuberosus), Tropidostoma),
Dicynodontoides),Pristerodon),Robertia),Diictodon),(Cistecephalus, Kawingasaurus));

tree minisupertreel =
(Casea.broilii,Eothyris.parkeyi,Cotylorhynchus.romeri,((Ophiacodon.mirus,Archaeothyris.flo
rensis),(Pyozia.mesenensis,Archaeovenator.hamiltonensis,((Heleosaurus.scholtzi,(Mesenosau
rus.romeri,Mycterosaurus.longiceps)),(Elliotsmithia,(Aerosaurus.greenleeorum,(Varanops.bre
virostris,(Varanodon.agilis,Watongia.meieri))))))));

tree minisupertree2 =
((Estemmenosuchus.uralensis,Ulemosaurus.svijagensis,Estemmenosuchus.mirabilis, Tapinoca
ninus.pamelae),(Microsyodon,Archaeosyodon.praeventor,((Pampaphoneus.biccai,(Notosyodo
n.gusevi,(Australosyodon.nyaphuli,Syodon.biarmicum))),(Sinophoneus.yumenensis,(Titanop
honeus.adamanteus, (Titanophoneus.potens,Anteosaurus.magnificus))))));

tree minisupertree3 =
(Herpetoskylax,Lycaenodon,(Ictidorhinus,(Lophorhinus,Lemurosaurus,Lobalopex,((Proburne
tia,Paraburnetia),(Pachydectes,Bullacephalus,Niuksenitia,Burnetia)))));

tree minisupertree4 =
(Gorgonops.torvus,(Lycosuchus.vanderrieti,Pristerognathus.polyodon, Ictidosuchus.primaevus
,Anomocephalus,(Patranomodon,((Otsheria,(Suminia,Ulemica)),(Galeops,(Eodicynodon.oost
huizeni,(Dicynodon.lacerticeps,Pristerodon,Diictodon)))))));

tree Abdala2007 =
(Prorubidgea,(Lycosuchus.vanderrieti,(Glanosuchus.macrops,(Hofmeyria.atavus, (Ictidosucho
ps.rubidgei,Moschorhinus.kitchingi,Bauria,(Theriognathus.microps,((Procynosuchus.delaharp
eae,Dvinia.prima),(Cynosaurus,(Galesaurus,Progalesaurus),(Thrinaxodon,(Platycraniellus,((E
cteninion,(Cynognathus,(Diademodon,(Trirachodon,(Massetognathus,Exaeretodon))))),(Lum



kuia,(Chiniquodon,(Probainognathus,(Brasilodon,((Pachygenelus,(Oligokyphus,Kayentatheri
um)),(Brasilitherium,(Morganucodon,Sinoconodon)))))))))))))));

tree Abdalaetal2006 =

(Diademodon,(((Cricodon,Langbergia), Trirachodon),(Luangwa,Scalenodon.angustifrons,(Sca
lenodon.hirschsoni,Pascualgnathus, Traversodon,(Andescynodon,(Dadadon,(Santacruzodon, (
Massetognathus,(Gomphodontosuchus,(Scalenodontoides,(Exaeretodon,Menadon)))))))))));
tree Bonaparteetal2005 =
((Cynognathus,(Pascualgnathus,(Exaeretodon,Oligokyphus))),(Lumkuia,(Probainognathus,(Pr
obelesodon,(Chiniquodon,((Riograndia,Pachygenelus),((Prozostrodon, Therioherpeton),((Bras
ilitherium,Brasilodon),(Adelobasileus,(Megazostrodon,((Morganucodon,Hadrocodium),(Dinn
etherium,Kuehneotherium))))))))))));

tree Bothaetal2007 =
(Lycosuchus.vanderrieti,((Moschorhinus.kitchingi,(Ictidosuchops.rubidgei,Olivierosuchus.par
ringtoni,(Regisaurus.jacobi,Bauria))),(Theriognathus.microps,(Charassognathus.gracilis,(Proc
ynosuchus.delaharpeae,Dvinia.prima),(Cynosaurus,((Galesaurus,Progalesaurus),((Nanictosaur
us, Thrinaxodon),(Cynognathus,Lumkuia))))))));

tree Hopson&Kitching2001 =
(Lycosuchus.vanderrieti,(Dvinia.prima,Procynosuchus.delaharpeae,(Galesaurus,(Thrinaxodon
,((Lumkuia,(Ecteninion,((Probelesodon,(Chiniquodon,Aleodon)),(Probainognathus,(Pachygen
elus,Morganucodon))))),(Cynognathus,(Diademodon,(Trirachodon,(Pascualgnathus,(Scalenod
on.angustifrons,(Luangwa,(Massetognathus,((Scalenodon.hirschsoni,Oligokyphus),(Gompho
dontosuchus,Exaeretodon)))))))))))));

tree Liu&Olson2010 =
(Cynognathus,(Lumkuia,(Exaeretodon,Chiniquodon,(Probainognathus,(Prozostrodon,(Therio
herpeton,((Sinoconodon,Morganucodon),(Riograndia,Pachygenelus))))))));

tree Lucas&Lu01993 =
(Thrinaxodon,Probainognathus,(Pachygenelus,(Oligokyphus,(Sinoconodon,(Adelobasileus,H
aldanodon,Megazostrodon,Morganucodon, MONOTREMATA,MULTITUBERCULATA,PL
ACENTA)))));

tree Luo1994 =
(Probainognathus,(Diademodon,(Traversodon,(Oligokyphus,(Pachygenelus,(Sinoconodon, (A
delobasileus,Haldanodon,Kuehneotherium, Triconodon,Dinnetherium,(Morganucodon,Megaz
ostrodon))))))));

tree Luoetal2001 =
(Probainognathus,Oligokyphus,Pachygenelus,(Adelobasileus,Sinoconodon,(Morganucodon, (
Haldanodon,(Hadrocodium,(Triconodon,Ornithorhynchus, MULTITUBERCULATA,(Zhangh
eotheirum,(Vincelestes,(MARSUPIALIA,PLACENTA))))))));

tree Martinezetal1996 =
(Cynognathus,(Massetognathus,((Chiniquodon,Probelesodon),(Ecteninion,Probainognathus, (
Pachygenelus,(Oligokyphus,Morganucodon))))));

tree Oliveiraetal2010 =
(Lycosuchus.vanderrieti,Bauria,(Procynosuchus.delaharpeae,(Galesaurus,(Thrinaxodon,(Cyn
ognathus,Diademodon,Chiniquodon,Lumkuia,Probainognathus,(Ecteninion, Trucidocynodon),
(Massetognathus,Exaeretodon),(Brasilodon,((Brasilitherium,Morganucodon),(Pachygenelus,(
Oligokyphus,Kayentatherium)))))))));

tree Oliveira2006 =
(Lumkuia,((Probelesodon,Chiniquodon),(Probainognathus,(Exaeretodon,(Prozostrodon,(Sino
conodon,Morganucodon),((Brasilodon,Brasilitherium),((Therioherpeton,Riograndia),(Chalimi
nia,(Irajatherium,Pachygenelus,Diarthrognathus,Elliotherium)))))))));

tree Rowe1988 =
(Scalenodontoides,Exaeretodon,Scalenodon.angustifrons,Luangwa, (Oligokyphus, HARAMI1Y



IDAE,Pachygenelus,(Morganucodon,Sinoconodon,Dinnetherium,(Kuehneotherium,(MONOT
REMATA,DRYOLESTIDA,Ambolotheirum,Amphitheirum,(Phascolotherium,Triconodon,Pe
ramus, Trioracodon,Spalacotherium,(MULTITUBERCULATA,(MARSUPIALIA,PLACENT
A

tree Sidor&Hancox2006 =
(Lumkuia,(Cynognathus,Exaeretodon),(Probainognathus,((Probelesodon,Chiniquodon),(Theri
oherpeton,((Prozostrodon,(Sinoconodon,Morganucodon)),(Riograndia,((Irajatherium,(Pachyg
enelus,Diarthrognathus)),(Chaliminia,Elliotherium))))))));

tree Sidor&Smith2004 =
(Lycosuchus.vanderrieti,(Dvinia.prima,(Procynosuchus.delaharpeae,((Cynosaurus,(Progalesa
urus,Galesaurus)),Bolotridon,(Platycraniellus, Thrinaxodon,(Lumkuia, Trirachodon))))));

tree Sues&Hopson2010 =
(Thrinaxodon,(Cynognathus,(Diademodon,(Trirachodon,((Pascualgnathus,Andescynodon),(S
calenodon.hirschsoni,Massetognathus, Traversodon,Dadadon,Santacruzodon,(Scalenodon.ang
ustifrons,Luangwa),(Boreogomphodon,Arctotraversodon,Nanogomphodon),(Gomphodontosu
chus,(Menadon,(Exaeretodon,Scalenodontoides)))))))));

tree Wible1991 =
(Cynognathus,Diademodon,Exaeretodon,(Probainognathus,(Pachygenelus,(Oligokyphus,(Sin
oconodon,(Morganucodon,Dinnetherium,Kuehneotherium,((MULTITUBERCULATA ,HAR
AMIYIDAE),(MONOTREMATA, Vincelestes,(MARSUPIALIA,PLACENTA))))))));

tree Liu&Li2003 =
(Xiyukannemeyeria.brevirostris,((Sinokannemeyeria.pearsoni,(Sinokannemeyeria.yingchiaoe
nsis,Sinokannemeyeria.sanchuanheensis)),(Parakannemeyeria.ningwuensis,(Parakannemeyeri
a.youngi,(Parakannemeyeria.dolichocephala,Parakannemeyeria.shenmuensis)))));

tree Liuetal2002 =
(Kwazulusaurus.shakai,Lystrosaurus.youngi,(Lystrosaurus.curvatus,Lystrosaurus.platyceps),(
(Lystrosaurus.oviceps,(Lystrosaurus.declivis,(Lystrosaurus.murrayi, Lystrosaurus.maccaigi))),
(Lystrosaurus.hedini,Lystrosaurus.broomi,(Lystrosaurus.robustus,Lystrosaurus.shichanggoue
nsis))));

tree Maisch2001 =

(Dicynodon.lacerticeps,((Vinceria,(Rhinodicynodon,(Shansiodon, Tetragonias))),((Kannemey
eria.simocephala,Wadiasaurus),(((Stahleckeria,Angonisaurus),(Placerias, Ischigualastia)),(Din
odontosaurus,((Parakannemeyeria.dolichocephala,Sinokannemeyeria.pearsoni),(Rhadiodromu
s,(Rechnisaurus,Sangusaurus))))))));

tree Maisch2002 =
((Cteniosaurus.platyceps,(Oudenodon.bainii,(Rhachiocephalus.magnus,Rhachiocephalus.cras
sus))),(Propelanomodon.devilliersi,((Aulacephalodon.bainii,Pelanomodon.tuberosus),(Odonto
cyclops.dubius,((Lystrosaurus.murrayi,Kwazulusaurus.shakai),(Dicynodon.lacerticeps,(Kanne
meyeria.simocephala,Dinanomodon.rubidgei)))))));

tree Maisch&Gebauer2005 =
(Oudenodon.bainii,(Aulacephalodon.bainii,(Pelanomodon.tuberosus,(Geikia.locusticeps,Geiki
a.elginensis))));

tree Vegadiasetal2004 =

(Kannemeyeria.simocephala,Wadiasaurus,(Shansiodon, Tetragonias),(Parakannemeyeria.dolic
hocephala,Sinokannemeyeria.pearsoni),(Dinodontosaurus,(Placerias,((Angonisaurus,Stahleck
eria),(Ischigualastia,Jachaleria)))));

tree Govender&Yates2009 =
(Dicynodon.lacerticeps,(Lystrosaurus.murrayi,(Dicynodon.trautscholdi,(((Shansiodon, Tetrago
nias),Vinceria),(Wadiasaurus,(Kannemeyeria.simocephala,(((((Sinokannemeyeria.pearsoni,Pa
rakannemeyeria.dolichocephala),Dolichuranus),Rechnisaurus),Dinodontosaurus),(Placerias,(l
schigualastia,(Jachaleria,(Stahleckeria,Angonisaurus)))))))))));



Testudines

tree minisupertree9 =
(Odontochelys.semitestacea,Simosaurus,Anthodon.serrarius,Owenetta.kitchingorum,(Progano
chelys.quenstedti,(Australochelys.africanus,Palaeochersis.talampayensis,(OTHER.CHELONI
A, Proterochersis.robusta))));

tree Anquetin2012 =
(Odontochelys.semitestacea,(Proterochersis.robusta,Proganochelys.quenstedti,Palaeochersis.t
alampayensis,Australochelys.africanus, OTHER.CHELONIA));

tree Anquetinetal2009 =
(Proganochelys.quenstedti,(Palaeochersis.talampayensis,Australochelys.africanus,Proterocher
sis.robusta, OTHER.CHELONIA));

tree Gaffneyetal2007 =
(Proganochelys.quenstedti,(Australochelys.africanus,(Palaeochersis.talampayensis, ((Proteroc
hersis.robusta, MEGAPLEURODIRA),OTHER.CHELONIA))));

tree Rougieretal1995 =
(Proganochelys.quenstedti,((Palaeochersis.talampayensis,Australochelys.africanus),(Proteroc
hersis.robusta, OTHER.CHELONIA)));



Supplementary Data 2
MRP matrices produced by SuperTree0.85b for each category and used in the formation of
the supertree.

Archosauromorpha
#NEXUS

begin data;
dimensions ntax=229 nchar=616;
format datatype=standard missing=?;
matrix
Batrachotomus



0?9979 7?77700?997997?977?77777?777



Dibothrosuchus



9?7097 799?777777?777777



0?7?0079 770797?70?77777?7777777777777



Neoaetosauroides



?77??00100011111111100000000000011111111111110000000111000000000000000000111?



0?7?0079 770797?70?77777?7777777777777



Redondasaurus.bermani






0?7?0079 7?777797977?77?9777977?77?70?97?997997777?7??77?777

00000000000000000000000000000001111110000001100000111111
Erythrosuchus



Smilosuchus.gregorii



0?7?0079 770797?70?77777?7777777777777

Dromichosuchus
2009999999999 DIIIVVVVDDIIIIVVVVDIVIIVIVIVVVVDIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVIVNIIIY



0?7?0079 770797?70?77777?7777777777777

Sillosuchus
DDD99IIVVVVDDIVIIVVVVDIIIVVVVDDIIVVVVVDIIIVVVVVIVIVIIIVVVVVIIIVVVVVIVNIVIIVVVVVIIIIIIY

Teratosaurus
R90079?07?7977?79777??9977??9720??99707?90007?7?777?79?707??97?07??97?707?7?°07?7?707?777

Eudimorphodon.ranzii
O L o ol Yo )

Austriadactylus.cristatus
O o e o L P P e P b

OTHER.RHAMPHORHYNCHINAE
22222222272 222722222772222772222272222272222277222272722227277222727772



Dorygnathus.bathensis
299297292729272227292722272272272222222227222722722722272227222222722272222227222722272227777

Scaphognathus.crassirostris
2279292072972 20720727?7?777777777777

ANUROGNATHIDAE
29277227722272272722272272722272227222722272227222279227222792272227272272922772277

PTERODACTYLOIDEA
222222 2272222772222772222772222277222277222272772?

Sordes.pilosus
O o P P e e b

Campylognathoides.liasicus
L L o L P L b o ol



9?7?0979 7?77??77700997?997977?77?77?77777777

Dimorphodon.macronyx
7999970999297 77777779777?97?99?97?77?97?77977

Peteinosaurus.zambelli
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Preondactylus.buffarinii
O L L o e L e P b e e b

Scleromochlus
DDD99IIIVVVDDIVIIIVVVVDIIIIVVVVVDIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDVIIIIVVVVVIVIVIIVVVVIVIIIIY

Scutellosaurus
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIIDVIDIVVVVIIVVDIVIVVVVIIVVVVIVVVDIVVVIVIIVVVIVIVVVIID

Heterodontosaurus
2009999999999 99IVVVDDIIIIVVVVDIIIVIVVVVDVIIVIVVVVVVIVNVIIIVVVVVVIIVIVVVVVIVIIIIY



Lesothosaurus
D0099IIIVDDDDIVIIVVVVDDIIIVIVVVVDDIIIIVVVVDIDIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVDIVIIVVVVIVNIIIY

Herrerasaurus
DIDIIDIDIVVIVVIDIVVIVVIVIVIVIVVIIVIVIVVIVVIVVDIVVIVIVIVIVIVVIVDIVVIVIVNIDIVIIVNIIVIIIIG

Staurikosaurus.pricei
200290297292722927292722272272272222227222722272272272227222722272227222722272227222722272727777

Thecodontosaurus.antiquus
O L e b L i o)

Plateosaurus.engelhardti
O o e o L e P P e e



Saturnalia
DD099IIVVDDDIIIVVVVDDIIIIVVVVDIIIVVVVDIIVVVVVVIIVIIVVVVVIDVIIIVVVVVIVIIVIVVVVVVIIIIIN0

Coelophysis.rhodesiensis
2279292072972 20720727?7?777777777777

Coelophysis.bauri
O o Yo Yo )

Megapnosaurus.kayentakatae
202072222702222727222727222227272222272222222222222222222222222222222222222222272772

Liliensternus.liliensterni
DDIDDDIIVVIIVVDDIIVVDVIVVVIIVVDIIVVDIIVVVIVIVVDIVVVDIVVDDIIVVDIVIVVVIIVVVVIVVVDIVVVII0

Dilophosaurus.wetherilli
L L o o L L b o ol



9?7977 77?70790?97097?77?77?70?77777777

CERATOSAURIA
2999727720227272222277222277222272722222277222277222277222277922227922227722227772

COELUROSAURIA
2927792277222722772227227272227222722272227222722279227222792272222727227922772277

Eoraptor.lunensis
2020722727222272722272722222722222222227222222722222222222222222222222222222222277

Eucoelophysis.baldwini
20929729272927292729272292722722222022022722272272272227222722272227222722222272227222722277727

Silesaurus
DDIIVDIIVVIVIIVVDIVVDVIVVDIVIVVVVIIVVVVIIVVDIVVVDIVVVIVIIVVVIVIIVVVIIVVDIVVVIIVVDIVVVIII0

Pseudolagosuchus
O L o P e e e



0?7?0079 770797?70?77777?7777777777777

Chromogisaurus
20999729272927222729272227227222222227222722272272227222722272222227222722222272227222722277727

Angosphitys
2 PPNV

Guaibasaurus
DD099IIIVVDDIIIVVVDDIDIIIIVVVVDIIVIVVVVDDIVIIIVVVVDVIIIVVVVVDIIVVVVVIVNVIVIIIVVVVIVIIIIIY

Panphagia
2 2PNV VINNVIVNIVIVNIVIVIVNIVIVNIVIVNINININ?

Plateosaurus.ingens
O o L L i b ol )



Plateosaurus.gracilis
29929729272927222729272222227227222222722272227227227222722272222227222722222272227222722277727

Unaysaurus
L L L o e o b L O o )

Eucenemesaurus
2??777?7?0777777?77777777277?7?7277?7?777?7?707?7?27777777??7?777?7?77?7?7777?7777777

Riojasaurus
O L L e L L P L e )

Lufengosaurus
297272792277227272227222222272222227272222222722272222722227222272227222272722729227272277

Glacialisaurus
DDIDVDIIVVIIIVVDIVVDDIIVVDIVIVVVVIIVVIIDVIDIVVVVIIVVDIVIVVVVIIVVVIDVVDIVVVIVIIVVVVIVVDIID



0?7?0079 770797?70?77777?7777777777777

Coloradisaurus
2227722272227 7727227727222772227722227772772777777

Massospondylus
O o P o e oy

Melanorosaurus
DDIDDDIIVDIIVVDDIIVVDIIVVIVIVVIIIVVDIDVDDIVVDIIVVDIVIVVDIIVVDIIVVVDIIVVVVIVVVVIVIVVDIVY

EUSAUROPODA
2007270277227272227222722727222722272227222722272222792272227922722227272279227272277

Yunnanosaurus
DIDDIIVVIIVDIIVDIIVVIVIVVIVIVVIVIVVVIVVVIVVVIVVVDIVVIIVVIVIVVIVIVVIVIVVIVIVVVIIVVIVVVIVVVIVIVVIIVVIVIVVIIDID

Anchisaurus
DIV DIIVDDIVIVVDDIIVVDIIVVDIIDVDIIVVDIVVDDIVVDIVVVVIVIVVDIVIVVDIIVVVVIVIVVVVIVVVVIVIVVDIVY



0?7?0079 770797?70?77777?7777777777777

Jingshanosaurus
2002972072272202222222222222222222222222722222722222222222722722222222292722777

Ruehleia
DDDDDIIIVIDDDIIIVVVVDDIIIIVVIVDDIIIIVVVVDIDIVIVIVVVDDIVIVIIVVVVVDIVIIVIVVVVVVIVIVIIVVVVVIVIIIVY

Plateosauruavus
DDD99IIIVVVDIVIIVVVVDDIVIIIVVVVDIIVIIVVVDIIVVVVVDIIIIVVVVVIVIIIIVVVVVIVIVIVIVVVVVVIIIIIN0

Pantydraco
O e o o L e P P e e

Chindesaurus
0099999990999 IVVDDIIIVIVVVVVIVIIIVVVVVVVVVVVVIVIIVVVVVVVIIVIVIVI9



Zupaysaurus
29922727272222272722227722227222227272222222222222272222222222272222272222272222727777

Gojirasaurus
2229727297272 20727727777277777297277277?7?777

Segisaurus
O e o o o e e ooy

Procompsognathus
O o L o L e e P e e b

Carniadactylus.rosenfeldi
O o o e i L e P P e P

Pisanosaurus
DDIDVDIIVVIIIVVDIVVDDIIVVDIVIVVVVIIVVIIDVIDIVVVVIIVVDIVIVVVVIIVVVIDVVDIVVVIVIIVVVVIVVDIID



0?7?0079 770797?70?77777?7777777777777

OTHER.ORNITHOPODA
290972772022727222272772227277222277222277222272792227279222727722227722227272222727777

Megapnosaurus.rhodesiensis
20929729272927292729272227227227222222722272227227227222722272227222722272227222722272227227777

Eodromaeus
DD0DDIIVVVDDIVIIIVVVVDIIIIVVVVDIIIVVVDDIIIVVVVDIIVIIVVVVVIDIIIVVVVVIVIIVIIVVVVVIIIIIN0

Riojasuchus
292072272722227222272222227222222222272222222222272222222222222222222222222722277



Dromomeron.romeri
R??007?7?07?7?77?7??77?77?77?77277?7?707?7?707?7?777?77?77??7?77??7?77?7?77?797977777

Dromomeron.gregorii
i o e o e P e e L e P P P e P )

Lagerpeton
R e e e )

Efraasia
DDDD99IIVDDDDIIIVVVVIDIIIIVVVVDDIIIIVVVIDIDIIVIVIVVVDDIIVIIVVVVVVIVIVIVIVVVVVVDIVIIVVVVVIVIIVY

Crylophosaurus
O o e o L e P P e o



OTHER.THYREOPHORA
292770227722727227722272272722272227222722272227222279227222792272227272279227272277

MARGINOCEPHALIA
299972772902272722227272222727722227722227792227279222727922272792222772222727222277777

Vulcanodon
D099V IIVVVDDIIIIVVVVDVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVVIIIIVVVVVIIVIIY

Thecodontosaurus.caducus
D099 DDIIVVVVDDIIIVVIVDDIIIIVVVVDDIIVIVIVVVDDIVIIIVVVVVVIIIVIVVVVVVIIVIIVVVVVIVIIVY

Blikanasaurus
DDIDDDIIVDDIIVVDDIIVVDIIVVDIIDVDIIVIDIDVDDIVVDIVVVIVIVVDIIVVDIIVVVDIIVVVIVIVVVVIVIVVDIVY

Euskelosaurus
DDIIVDIIVVIIVVIVIIVVIVIIVVIVIVVDIIVVDIIVVVIVIIVVDIVIVVVVIIVVDIDVVDIIVVVIVIIVVVIVIVVVVIIVVII0



0?7?0079 770797?70?77777?7777777777777

Kotosaurus
02?7092 7??°7??07?9909??77??07??07??077990?9777?7??77?77?77777

Isanosaurus
DIDDIIVIIVDIVDIIVIIVVIVIVVVIVDVIVVVIVVVIVVIIVVIVIVVIVIVVVIVVVIVVVIVVVIDVDIVVIIVVIVIVVIVVVIVVVIVVI0

Antetonitrus
DDDD9IIIVDDDDIIIVVVVDDIVIIVVIVDDIIIIVVVVDDIVIVIVVVDDIVIVIIVVVVVDIVIVIVIVVVVVVIVIVIIVVVVVIVIIIVY

Trilophosaurus
O L L b bl k)

Prolacertoides
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIIDVIDIVVVVIIVVDIVIVVVVIIVVVVIVVVDIVVVIVIIVVVIVIVVVIID

Boreopricea
O L o L e L L e L L ol )



0?7?0079 770797?70?77777?7777777777777

Prolacerta
D0099IIIVDDDDIVIIVVVVDDIIIVIVVVVDDIIIIVVVVDIDIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVDIVIIVVVVIVNIIIY

00000000000000000000000000000010000000100000111111

Tanystropheus.longobardicus
2020722727272227272227272222222722222222222222222222222222222222222222222222227777

Tanytrachelos
20029020729272992722722272272272222227222722272272222227222722272227222722222222272227222727727

Tanystropheus.meridensis
2020722227272227272227272222222222222222222222222222222222222222222222222222272772

Cosesaurus
DDIDDDIIVDDIIVVIDIVVDIIVVDIIVVDIIVVDIVVDDIIVVDIVVVDIVIVVDIIVVDIIVVVDIVVVVIVVVVIVIVVVIVY



Macrocnemus
DIVDIVVIIVIVVDIIVIIVDVIVVVIVDVIVVVIVVIVVDIVVDIVVIIVDIVIVDVIVVVIVVVIVVVIVVVIVVVIVIVDIIVVIVVIIDID

Langobardisaurus
22929727727?727?29727727?727?7729727722?720?727729?727?7772777272777772072797?777777

Malerisaurus.langstoni
O e o e o e e ooy

Protorosaurus
R?0079?07?9?77?79777??9977799?207?79207?99077799007992007?9?70?797?70?7979707?79777?7777

Proterosuchus
DDDD99IIVDDDIIIVVVVIDIIIIVVIVDDIIIIVVVVDDIIVIVIVVVDDIVIVIIVVVVVVIIIVIVVVVVVIIVIIVVVVVIIIIVY

00000000000000000000000000110000001100000111111

Rhynchosaurus.articeps
L o L L o L o e L o e e P L e e Yol



Megalancosaurus
7999970999297 77777779777?97?99?97?77?97?77977

Vallesaurus
DDD99IIVDDDIVIIVVVDDIIIVVVIVVIIIVVVVDIVIIIVVVVVIDIIVVVVIVIVVVVIIIIVVVVVVIIIIIVI0

Sacisaurus
DDDD9IIIVDDDDIIIVVVVDDIVIIVVIVDDIIIIVVVVDDIVIVIVVVDDIVIVIIVVVVVDIVIVIVIVVVVVVIVIVIIVVVVVIVIIIVY

Polonosuchus.silesiacus
DDD99IIVVVDDIIVIIVVVDDIIIVVVIDIIIIVVVVDIVIIIVVVVVIVIIIVVVVDDIIIVVVVVIVIIDVVDIVIIIVVVI

Tikisuchus
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIIDVIDIVVVVIIVVDIVIVVVVIIVVVVIVVVDIVVVIVIIVVVIVIVVVIID

Stagonosuchus
O o e o e e e e o



0?7?0079 770797?70?77777?7777777777777

Qianosuchus
e L e L L oL b o

Hypselorhachis
O L L e e e e L e P P e P

Ctenosauriscus
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Bromsgroveia
o P e e P b

Hyperodapedon.sanjuanensis
O o e o L P P P e o



Hyperodapedon.gordoni
20099729272222272927222222722222222722272227227227222722272222227222722222272227222722277727

Stenaulorhynchus.stockleyi
7999979999297 77777779777?97?97?97?77?9777977

Howesia.browni
D099V IIVVVDDIIIIVVVVDVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVVIIIIVVVVVIIVIIY

Mesosuchus
D029V DDDIDIIIVVVVDDIIIVIVVVVDIIIVVVVVDIVIIVIVVVVDDVIVIIVVVVVVIIIVIVVVVVVIIVIVVVVVIVNIIIY

Doswellia
DDIDDDIIVDDIIVVDDIIVVDIIVVDIIDVDIIVIDIDVDDIVVDIVVVIVIVVDIIVVDIIVVVDIIVVVIVIVVVVIVIVVDIVY

Vancleavea
DDIIVDIIVVIVIIVIDIVVVIVIIVVVIVIVVIVIIVDIVIIVVVIIVVVVIIVVDIIVVVVIVVVIVIIVVVIIVVDIIVVVIVVVII0



Gualosuchus
2227722272227 7727227727222772227722227772772777777

Chanaresuchus
DDD9DIIIVVDDIIVIIIVVVDDIIIIVVVVVIIIIVVVVDIVIIIVVVVVIIIIVVVVIVIIVVVVVIIIIVVVVVVIIIIIVN

Tropidosuchus
2207227272722222722272722222227222227222222222222222222222222222222222222222227777

Cerritosaurus
DD099IIIVDDDIIVIIVVVDDIIIIVVVIVIIIIVVVVDIIVIIIVVVVVIDIIVVVVDIDIIIVVVVVIVIIVIIVVVVIIVVIIY

Parasuchus
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIIDVIDIVVVVIIVVDIVIVVVVIIVVVVIVVVDIVVVIVIIVVVIVIVVVIID

Archeopelta
O o e e o L e e e oy



0?7?0079 770797?70?77777?7777777777777

Tarjadia
2PNV VVVVIVVIVVVVIVVIVVIVVIVVIVVIVNVIVNVINDNNNYY

Chilenosuchus
DDDDDIIIVIDDDIIIVVVVDDIIIIVVIVDDIIIIVVVVDIDIVIVIVVVDDIVIVIIVVVVVDIVIIVIVVVVVVIVIVIIVVVVVIVIIIVY

Yonghesuchus
290297290729222927227229272272227222222222222222222272227227222722272227222722272227222722772

Vjushkovia.triplocostata
2020722227272227272227272222272222222222222222222222222222222222222222222222272772

Shansisuchus
2009999999999V DDDIIIVVVIDIIIIVVVVVIVIVIIIVVVVIVIVIVVVVVIIIIVVVVVVIIIIVVI



Koilamasuchus
200999999V DDIIIVVVVDDIIIVIVVVVIDIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVNIIIY

Osmolskina
2227002222722 727022277222707222777227?277277772

Sarmatosuchus
D099V IIVVVDDIIIIVVVVDVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVVIIIIVVVVVIIVIIY

Fugusuchus
O o e o L e e P e e e b

Decuriasuchus
DDDD99IIVDDDIIIVVVVIDIIIIVVIVDDIIIIVVVVDDIIVIVIVVVDDIVIVIIVVVVVVIIIVIVVVVVVIIVIIVVVVVIIIIVY

Teyumbaita.sulcognathus
P L b o Yol



Hyperodapedon.mariensis
2279292972977 2772777777777777

Hyperodapedon.huxleyi
O o e o e ook

Ammorhucnhus.navajoi
R L L e e o P P e e b

Fodonyx.spenceri
2999972907292722729272292722722722202272227222722722722272227222222722272222227222722272277727

Rhynchosaurus.brodiei
L L o o L L b o ol

Gephyrosaurus
O o e o e e e e o



0?7?0079 770797?70?77777?7777777777777

SQUAMATA
29077022722227222722272227222722272227222722272227922722279227292272722729227272277

Jesairosaurus
DDDDDIIIVIDDDIIIVVVVDDIIIIVVIVDDIIIIVVVVDIDIVIVIVVVDDIVIVIIVVVVVDIVIIVIVVVVVVIVIVIIVVVVVIVIIIVY

CHORISTODERA
292779227722727227722772272722272227222722272227222792272227922722279227222722772

Youngina
2972727922772272722272272222272222222722222227222722272227222279227222272722729227272777

Hyperodapedon.huenei
O o o o L o L e el Yo )



Isalorhynchus.genovefae
2092972927222292729272222227222222227222722272227227222722272222227222722222272227222722277727

Bentonyx.sidensis
2272972727727 29?722?727727?727772727722?7207207277277777277777

Coelursauravus
D099V IIVVVDDIIIIVVVVDVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVVIIIIVVVVVIIVIIY

Longisquama
29207227272222722227272222272222222222222222272222272222272222222222222222222222772

Dolabrosaurus
DDDD99IIVDDDIIIVVVVIDIIIIVVIVDDIIIIVVVVDDIIVIVIVVVDDIVIVIIVVVVVVIIIVIVVVVVVIIVIIVVVVVIIIIVY

Drepanosaurus
R e L e L e )



0?7?0079 770797?70?77777?7777777777777

Hypuronector
299992222227227227922222222222222222222222222722292222222222227992222222222777772

Petrolacosaurus
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Archosaurus
DIIDDDIIVDDIVVDDIIVVDVIDVVIIVVDIIVVDIVDIIVVDIVVDDIIVVDVIIVVIVIVVDVIIVVVIIVVVVIIVVVIIY

Asilisaurus
DDD99IIIVVVDDIVIIIVVVVDIIIIVVVVVDIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDVIIIIVVVVVIVIVIIVVVVIVIIIIY

Eocursor
DIDDIIVVIIVDIIVVIIVVIVVVIVVVIVIVVIVIVVIVIVVIVIVVIVIIVIVIIVDIVVIDVVIIVVIVIVDVIVVIVIVVDVIVVIVVIVIVVIIVVIIVVIN

Xilosuchus
2009999999999 DIIIVVVVDDIIIIVVVVDIVIIVIVIVVVVDIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVIVNIIIY



0?790799?799777??27?92?77777?79777777?72?77790?7077797797779?777772?70790?77?77?77777977777

Diandongosuchus
L e e oy

Postosuchus.alisonae
DDDDDIIIVIDDDIIIVVVVDDIIIIVVIVDDIIIIVVVVDIDIVIVIVVVDDIVIVIIVVVVVDIVIIVIVVVVVVIVIVIIVVVVVIVIIIVY

outgroup

000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000

end;

begin assumptions;
options deftype=irrev;
end,

begin sets;
charset Benton&Walker2002 = 1-9;
charset Cark&Sues2002 = 10-11;
charset Harrisetal2003 = 12-23;
charset Nesbitt2003 = 24-29;
charset Olsonetal2000 = 30-33;
charset Parker2007 = 34-46;
charset Parker&Irmis2006 = 47-56;
charset Parrish1993 = 57-73;
charset Stocker2012 = 74-86;



charset Suesetal2003 = 87-92;
charset Weinbaum&Hungurbuller2007 = 93-100;
charset Andresetal2010 = 101-112;
charset Ezcurra2006 = 113-131;
charset Ezcurra2010 = 132-159;
charset Ezcurra&Novas2007 = 160-172;
charset Lu&Ji2006 = 173-179;
charset Martinez&Alcober2008 = 180-187;
charset Martinezetal2011 = 188-203;
charset Nesbittetal2009 = 204-227;
charset Nesbittetal2009a = 228-239;
charset Sereno1999 = 240-260;
charset Wangetal2005 = 261-269;
charset Yates2003 = 270-284;
charset Yates2003Bentonetal = 285-286;
charset Yates&Kitching2003 = 287-300;
charset Benton1999 = 301-314;
charset Benton&Allen1997 = 315-325;
charset Bennett2012revised = 326-335;
charset Bennett2012updated = 336-350;
charset Butleretal2011BrusatteB = 351-380;
charset Dilkes1995 = 381-385;
charset Dilkes&Arcucci2012 = 386-398;
charset Desojoetal2011 = 399-413;
charset Ezcurraetal2010 = 414-438;
charset Francaetal2012 = 439-469;
charset Gower&Sennikov1997 = 470-475;
charset Hone&Benton2008 = 476-484;
charset Jalil1997 = 485-499;
charset Langer&Schultz2000 = 500-504;
charset Montefeltroetal2013 = 505-510;
charset Sereno1991 = 511-518;
charset Renesto&Binelli2006 = 519-536;
charset minitreel = 537-597;
charset minitree2 = 598-616;

end;

Basal + Parareptilia + Sauropterygia
#NEXUS

begin data;
dimensions ntax=263 nchar=571;
format datatype=standard missing=?;
matrix
Romeria.texana



0?7?0079 770797?70?77777?7777777777777

Captorhinus.aguti
011000001111111110111111110000000001111111111100000000000000000000000

0000000000000000111
Captorhinus.laticeps



Moradisaurus



0?9979 7?07?977977997?977707?07?07797779?9?79777977?977?97777777?

7

00000000000000000000000011
Milleretta.rubidgei



000000000001111
Petrolacosaurus



0?7?0079 770797?70?77777?7777777777777






Dicynodon.lacerticeps



0?7?0079 770797?70?77777?7777777777777

?

277



7

7

111111111



SQUAMATA

1111111111
Odontochelys.semitestacea

7

001111111111111101111111111111100000000011111100011000000000000000001111??77?
N Y

0000011111111
Cyamodus.rostratus



0000011111111
Simosaurus

00000011111111
KUEHNEOSAURIDAE

111111
Hyperodapedon

011111111
Trilophosaurus.buettneri

011111111
Rutiodon



0?7?0079 770797?70?77777?7777777777777



DINOSAURIA

011111111
Proterochampsa

111111



Prolacerta

011111111
Youngina

0000000000011111
Claudiosaurus

00000111111
Spinoaequalis
O o o L L e e P e e b

Acerosodontosaurus
2??27777?7777?77777?27777?2777?7?22777??277?7?20777?277777?77777?7777?7777?7777?777777

Hovasaurus
DIDDIIVVIIVDIIVVIIVVIIVVIIVDVIVVIVIVVIVIVVIVIVVIVIIVIDIVDIVVIVVVIVVIIVVDVIVVIVIVVVIVVVIVVVIVVVIIVVIIVIIN0



Apsisaurus
299297292729272227292722272272272222222227222722722722272227222222722272222227222722272227777

Nycteroleter
299297292729272227292722272272227222722222272227227222722272227222222722272222227222222722277727

Lanthanolania
200999999V DIIIIVVVVDIIIIVVVVVVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVIVIVIIVVVVIVIIIIY

Coelurosauravus
R?777?777?7?77?7?777?7?777?7?72777?27777?277777277?70?207?7?207?77777?7777?7?777?777

Thalattosaurus.alexandrae
DD099IIIVDDDDIIIIVVVVDIIIIVVVVVIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDIIIIVVVVVIIVIIVVVVVIIIIY

1

ICHTHYOPTERYGIA
2272227022722272227222722272227222722272222792272222729227222272722729227272277

Tanystropheus
e L o L P b o b Yo



Pumiliopareia.pricei
20929729272927229272927222722722222222722272227227227222722272222227222722222272227222722272777

Provelosaurus.americanus
D099 IIVVDDDIIIIVVVVIVIIIIVVVVDIDIIIVVVVVDVIVIIVVVVVVIVIIIVVVVVIDIIIVVVVVIIIIY

Nanoparia.luckhoffi
O e o o o Yo Yo )

Pareiasuchus.nasicornis
DDD99IIIVVVDDIVIIIVVVVDIIIIVVVVVDIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDVIIIIVVVVVIVIVIIVVVVIVIIIIY

Pareiasuchus.peringueyi
2920722227027222727222227222222222222222222222222222222222222222222222222222227772

Shihtienfenia.permica
292779227222722222722222272222722227222222222222272222222222272222222222272227222772



0?7?0079 770797?70?77777?7777777777777

Shansisaurus.xuecunensis
2227722272227 7727227727222772227722227772772777777

Arganaceras.vacanti
7999970979929 777777797?97?97?99?97?77?97?77977

Elginia.mirabilis
U A A A

Sanchuansaurus
D099 DDIIVVVVDDIIIVVIVDDIIIIVVVVDDIIVIVIVVVDDIVIIIVVVVVVIIIVIVVVVVVIIVIIVVVVVIVIIVY

Parasaurus.geinitzi
o o o e oy

Deltavjatia.mesensis
L o o L e e P L L P L b L b b b bk



Embrithosaurus.schwarzi
200999999V DDIIIVVVVDDIIIVIVVVVIDIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVNIIIY

Nochelesaurus.alexanderi
200999999909 IIVVVVDDIIIVVVVVDDIIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIIIVIVVVVVVIVIIVVVVIVNIIY

Bunostegos.akokanensis
O o b b )

Sclerosaurus.armatus
2??707?7?277777777777777?277?77277772?777?7?70777?277?7777777?777?7?77?7?77?7?7777777

Barasaurus
DIDDIIVIIVDIIVVIIVIVIVDIVVIVIVVDVIVVVIVVVIIVVIIVDIVVIIVVIVIVVDVIVVVIVVVIIVVIVVVIIVVIVIVVDIVVIVIVVIIDID

7

Eunotosaurus
DDV VIIVDIVVVIIVVIVIVVVIVVIVIVVIVIVVVIVVVIVVVIIVDIVVIVIVVIVIVVIVIVVIVIVVVIIVVIVVVIVVVIVIVVDIVVVIVVIIDD

Colobomycter
L e L o P o L b b b bl



0?7?0079 770797?70?77777?7777777777777

Feeserpeton
29927272722222722222722222722222272222222222222272222222222722222227222227222227777

Eudibamus.cursoris
D099 IIVVDDDIIIIVVVVIVIIIIVVVVDIDIIIVVVVVDVIVIIVVVVVVIVIIIVVVVVIDIIIVVVVVIIIIY

Belebey.vegrandis
L o o ol Yo )

Tokosaurus
DDD99IIIVVVDDIVIIIVVVVDIIIIVVVVVDIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDVIIIIVVVVVIVIVIIVVVVIVIIIIY

Rhipaeosaurus
2072227222722272227222722222272222222222222222222222222222222222222222222222222722727

Bashkyroleter.bashkyricus
2920722727222272222722222272222222222722222272222272222272222222222222222222222772



0?7?0079 770797?70?77777?7777777777777

Emeroleter
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIDVVDIVVVVIIVVDVIVVVVIIVVVIDVVDIVVVIVIIVVVVIVVVIID

Bashkyroleter.mesensis
7999970979929 777777797?97?97?99?97?77?97?77977

Nyctiphruretus
20207222272722272722272722222227222227222222222222222222222222222222222222222227777

Australothyris
299070227272222722227272227272222272222222222222222222222222222222222222222227727

Microleter
DD0999IIVDDDDIIIIVVVVDIIIIVVVVVIIIIVVVVDIDIIIVVVVDVIVIIVVVVVDIIIIVVVVDIIVIIVVVVVIIIIY

Owenetta.kitchingorum
L o o o P b b o Yol



Candelaria
200999999V DDIIIVVVVDDIIIVIVVVVIDIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVNIIIY

Saurodectes
200999999909 IIVVVVDDIIIVVVVVDDIIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIIIVIVVVVVVIVIIVVVVIVNIIY

Sauropareion.anoplus
O e e o e e

Coletta.seca
D099 9IIVDDDIVIIVVVVVDIVIIVVVIDVIIVVVVDDIIIIVVVVDIIIIVVVVVIDIIIVVVVVIVIVIIVVVVVVIIIIIN0

Milleropsis.pricei
O L L o e oy

Millerosaurus.ornatus
DDIDDDIVIVVDVIVVDDIVIVVDIIVVIVIVVDIIVVDIVVVDIVVDIVVVIVIVVDIIVVDIIVVVDVIVVVVIVVVVIVIVVVIIY

Millerosaurus.nuffieldi
DIV DIIVVIIVVDDIVVDVIVVVIIVVDIIVVDIIVVDVIIVDIVIVVDDIIVVDVIIVVIVIVVDIVIVVVIVIVVVVIVIVVVIID0Y



Broomia.perplexa
O e L e e e e L L e P P e e e b

Eumetabolodan.dongshengensis
O L o L L L e P P b e

Theledectes.perforatus
2970927227227222222722222222222222222222222222222222222222227222222222222222272772

Thelophon.contritus
O e o o P P o b

Timanophon.raridentatus
L o L L o L L b b b o



0?7?0079 770797?70?77777?7777777777777

Thelerpeton.oppressus
299997297292722272927222222722222222222722272272272227222722222272227222222722272227222727727

Teratophon.spinigenis
209297292729272292729272227227222222222227222722722722272227222722272227222222722272227222727727

Eumetabolodan.bathycephalus
O e e e o e oo

Scoloparia.glyphanodon
O o e

Hypsognathus.fenneri
L o P e o

Soturnia.caliodon
2009999999999 DIIIVVIVDDIIIIVVVVDIDIVIVIVVVVDIVIIIVVVVVVIVIIVIVVVVVVIIVIVVVVVVNIIY



Leptopleuron.lacertinum
297929729272922292722272227227222222222222722272227222222722272222227222722222222272227272727727

Neoprocolophon.asiaticus
2092972927292722272927222222722222222222722272272227222222722272227222722222272222227222727727

Phonodus.dutoitorum
200999999V DIIIIVVVVDIIIIVVVVVVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVIVIVIIVVVVIVIIIIY

Pentaedrusaurus.ordosianus
DD0DDDIIVVVVDIIIIVVVIDIDIIIIVVVVDIIIVVVVDIIIIVVVVDVIIIVVVVVDIIIVVVVIVIVIVIIIVVVVVIIIIIIY

Tichvinskia.vjatkensis
O o o e oy

Phaantosaurus
DDIDDDIVIVVDVIVVDDIVIVVDIIVVIVIVVDIIVVDIVVVDIVVDIVVVIVIVVDIIVVDIIVVVDVIVVVVIVVVVIVIVVVIIY

Pintosaurus.magnidentes
L L o o L b b i o)



0?7?0079 770797?70?77777?7777777777777

Kitchingnathus.utabeni
2729729729777 27?7?772777777777

Thelegnathus
20207222272722222722272722222227222227222222222222222222222222222222222222222227777

Koiloskiosaurus
DDDD9IIIVDDDDIIIVVVVDDIVIIVVIVDDIIIIVVVVDDIVIVIVVVDDIVIVIIVVVVVDIVIVIVIVVVVVVIVIVIIVVVVVIVIIIVY

Bolosaurus.striatus
DDDD9IIIVDDDIIIVVVVIDIIVIVVVVDDIIIIVVVVDDIIVIVIVVVDDIIIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVIIIVY

Bolosaurus.grandis
O e o o P o b

Belebey.chengi
o o L P L e b bl



0?7?0079 770797?70?77777?7777777777777

Belebey.maximi
209997297222227292722927227227222222222722272227222227222722222272227222222722272227222727727

Anomoiodon
D00999IIVDDDDIIIVVVVIDIIIVIVVVVDDIIIIVVVVDIDIIVIVIVVVVDIVIVIIVVVVVVDIIVIVVVVVIVDIVIIVVVVIVNIIIDY

Thalassiodracon.hawkinsi
DD0999IIVDDDIVIIVVVVDDIVIIIVVVVDIIIIVVVVDIDIIIVVVVVVIVVVDVIVIVIIVVVVVIDIVIIIVVVVVIIIIIING

Plesiosaurus.dolichodeirus
DD029IIIVVDDDIVIIIVVVDDIIIIVVVVDIIIIVVVVDIDIVIIVVVVDVIVIIVVVVVDVIIIVVVVVVIIVIIVVVVIVNIIIIY

Augustasaurus
299027272772222722222722222272222227222222222222227222272222227222222272222272222727777

Bobosaurus
0099999990999 DDIIIVVVVDIIIVIVVVVVIVIIIVVVVVVIVIVVVVVVIIIIVVVVVIVVVI



Pistosaurus
200999999V DDIIIVVVVDDIIIVIVVVVIDIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVNIIIY

Yunguisaurus
299297292729272227292722272272227222722222272227227222722272227222222722272222227222222722277727

Cymatosaurus
e e e e e e )

Corosaurus
DIVDIIVIIVDIIVDIIVIIVDIVIVVIVIVDVIVVVIVVVIVVVIDVVIVVIVIVVDVIVVVIVVVIVVVIIVVIIVVIIVVIVIVVIVVVIVVVIVVI0

Dactylosaurus
O L o o e by

Neusticosaurus.pusillus
2920722227027222727222227222222222222222227222222222222222222222222222222222227277?

Anarosaurus
DIDIIDVDIVVIIVVDIVVIVDIVDIVIVIVIVIVVIVIVVVIVVIIIVDIVVIVVVVIIVIVVVVIVNIIDIVNIIIVINIIIIID



0?7?0079 770797?70?77777?7777777777777

Sanchiaosaurus
2227702227222 7727227727222727222777222777727?2777777

Kwangsisaurus
20207222272722222722272722222227222227222222222222222222222222222222222222222227777

Chinchenia
DDIDDDIIVDIIVVDDIIVVDIIVVIVIVVIIIVVDIDVDDIVVDIIVVDIVIVVDIIVVDIIVVVDIIVVVVIVVVVIVIVVDIVY

Lariosaurus.curionii
DDDDIIIVVVDDDIIIVVVVIIIVVVVIDDIIIIVVVDDIVIIVVVVDIDIVIVIVVVVIDVIIIVVVVVIVIVIVIVIVVVVVIVIIIII?

Lariosaurus.balsami
DDV IVVVVDIIIIVVVDDIIIIVVVVDDIIIIVVVVDIDIIIVVVVDVIIIVVVVVDIIIIVVVVIDIVIIVVVVIVIIIIY

Lariosaurus.xingyiensis
L L o L L b b b ol



Lariosaurus.calcagnii
O L o L ol )

Lariosaurus.valceresii
D00999IIVDDDDIIIVVVVIDIIIVIVVVVDDIIIIVVVVDIDIIVIVIVVVVDIVIVIIVVVVVVDIIVIVVVVVIVDIVIIVVVVIVNIIIDY

Lariosaurus.buzzi
D099V IIVVVDDIIIIVVVVDVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVVIIIIVVVVVIIVIIY

Nothosaurus.mirabilis
D09 IIVVDDIVIIIVVVDDIIIIVVVVDIIIIVVVVDIDIIIVVDDVIIIVVVVVIVIVIIIVVVVDIVIIVIVVVVVVIVIIIIIN0

Germanosaurus
DIDDIIVIIDIIVDIVIIVDVIVVVIVVVIVVVIVVIIVIIVDIVDIVVIVIVVVIVVVIVVVIVVVIIVVIIVIVIVDIVVIVNIIND

Keichousaurus
2009999999999 DIIIVVIVDDIIIIVVVVDIDIVIVIVVVVDIVIIIVVVVVVIVIIVIVVVVVVIIVIVVVVVVNIIY



Diandongosaurus
290297229729272227292722272272222222222272227222722722272227222722272227222222722272227222727727

Dianopachysaurus
20929729722722272272227227222222222227222722722722272227222722272227222222722272227222727727

Qianxisaurus
L L e L e L Y Y L L b )

Wumengosaurus
O e e e e e e )

Hanosaurus
DIDDIIVIIVDIIVVIIVIVIVDIVVIVIVVDVIVVVIVVVIIVVIIVDIVVIIVVIVIVVDVIVVVIVVVIIVVIVVVIIVVIVIVVDIVVIVIVVIIDID

CRYPTOCLIDIA
2272222 272227722222722222722222772222772222772222772222777277222727772

Pleisiopterys.wildi
207222722272227222722272222222222222222222222222222222222222222222222222222222722727



0?7097 7?77?77700997?997977?77?977?7777? 7777

Dolichorhynchops.osborni
7999970979929 77?977797977??777777?9777?97779777?97?99?97?77?9777977

Edgarosaurus.muddi
20207222272722222722272722222227222227222222222222222222222222222222222222222227777

Polycotylus.latipinnis
O L L e e P e e e b

Umoonasaurus.demoscyllus
2020722227222272722272722222727222222222222222222222222222222222222222222222272772

Leptocleidus
O e o o P P o b

PLIOSAURIDAE
2222227222722222227222702272227222722227222272227222792272227222722227227772



Macroplata.tenuiceps
209997292722722272927222722722222222222722272227227222722272222227222722222272227222722277727

Rhomalesaurus.megacephalus
2999972927227222729272292222722222222222722222272222272227222222722272222227222722272227777

Rhomalesaurus.victor
DD0999IIVDDDIVIIVVVVVDIVIIIVVVVDIIVVVVVIDIIIVVVVIDIIIVVVVVIVIIIIVVVVVIVIIVIIVVVVVIIIIIN0

Neusticosaurus.peyeri
O o o P e e oy

Neusticosaurus.edwardsi
D029V DDIIIVVVVDDIIIVVVVVDDIIIIVVVVDDIIVIVIVVVDDIVIIIVVVVVVIVIIVIVVVVVVIVIVVVVVVIIIVY

Neusticosaurus.toeplitschi
2920702222722227222272722222722222222272222722222272222222222222222222222722222727



Serpianosaurus
299297292729272227292722272272272222222227222722722722272227222222722272222227222722272227777

Nothosaurus.haasi
200999999909 IIVVVVDDIIIVVVVVDDIIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIIIVIVVVVVVIVIIVVVVIVNIIY

Nothosaurus.tchernovi
D099 IIIVVVDDIIIIVVVIVIIIIVVVVDIIVIIIVVVVVIVIIIVVVVIVIVVVVVIVIIIVVVVVVIIIIVVI0

Nothosaurus.giganteus
O o o o o ooy

Nothosaurus.jagisteus
O o o o e e oy

Nothosaurus.yangiuanensis
O L L L L L P L b o)

Nothosaurus.youngi
2920722227222272722222722227222222222227222222222222222222222222222222222227277?



0?7097 7?77?77700997?997?977?797777777777

Nothosaurus.edingerae
2729729729777 27?7?772777777777

Nothosaurus.marchicus
DDDD9IIIVDDDDIIIVVVVDDIIIVVIVDDIIIIVVVVDIDIVIVIVVVDDIVIIIVVVVVDIVIIVIVVVVVVVIVIIVVVVVIVIIIVY

Nothosaurus.winterswijkensis
O L e o o o L P P e e b

Nothosaurus.juvenilis
29207222272722272722272722222722222272222222222222227222222222222222222222222272772

Nothosaurus.winkelhorsti
DDV IVVVVDIIIIVVVDDIIIIVVVVDDIIIIVVVVDIDIIIVVVVDVIIIVVVVVDIIIIVVVVIDIVIIVVVVIVIIIIY

Helveticosaurus
DDIDVDIIVVIIIVVDIVVDDIIVVDIVIVVVVIIVVIIDVIDIVVVVIIVVDIVIVVVVIIVVVIDVVDIVVVIVIIVVVVIVVDIID



Eusaurosphargis
2092972927227229272927222722722722222222272227227227222722272222227222722222272227222722277727

Saurosphargis
L e L b o o o)

Sinosaurosphargis
O e e o o P e ook

Kimmerosaurus
DD029IIIVVDDDIVIIIVVVDDIIIIVVVVDIIIIVVVVDIDIVIIVVVVDVIVIIVVVVVDVIIIVVVVVVIIVIIVVVVIVNIIIIY

Morturneria
DDDDIIIVVVDDIIIIVVVVDDIIIVVVVDDIIIVVVVDIIIVIVVVDDIVIIVIVVVVDVIIVIVVVVVIVVVVVIVIVIIVIVVVIDY

Trinacromerum
DDIDDDIIVDDIIVVIDIVVDIIVVDIIVVDIIVVDIVVDDIIVVDIVVVDIVIVVDIIVVDIIVVVDIVVVVIVVVVIVIVVVIVY



Tricleidus
200999999V DDIIIVVVVDDIIIVIVVVVIDIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVNIIIY

Microcleidus
200999999909 IIVVVVDDIIIVVVVVDDIIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIIIVIVVVVVVIVIIVVVVIVNIIY

ELASMOSAURIDAE
29277227722772277227222727222722272227222722272222792272227922722279227222722772

Simolestes
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Rhomalesaurus.zetlandicus
DD099IIIVDDDDIIIIVVVVDIIIIVVVVVIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDIIIIVVVVVIIVIIVVVVVIIIIY

Attenborosaurus
2009999V DDIVIIVVVVDDIIIVIVVVVDIIIVVVVVDIVIIVIVVVVVVVIVVVVVIVIVIIVVVVVIVIIIVIVVVVVIIIIIIN

Eurycleidus
2990722227272227272227272222272222227222227222222222222222222222222222222222227277?



0?7097 7?77700997?997?7797?77777??777777

Henodus
2227702227222 7727227727222727222777222777727?2777777

Placochelys
O L e o L L e P P b e

Psephoderma
29709227292722722222027222272272272222272222272272272272272272272272272222227727272777

Protenodontosaurus
DDDD9IIIVDDDIIIVVVVIDIIVIVVVVDDIIIIVVVVDDIIVIVIVVVDDIIIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVIIIVY

Macroplacus
O e o o P P o b

Paraplacodus
L o L L o L ko)



Cyamodus.kuhnschnyderi
2092972972927222729272227227222222227222722272227227222722272222227222722222272227222722277727

Ceresiosaurus
D00999IIVDDDDIIIVVVVIDIIIVIVVVVDDIIIIVVVVDIDIIVIVIVVVVDIVIVIIVVVVVVDIIVIVVVVVIVDIVIIVVVVIVNIIIDY

Silvestorsaurus
DD099IIIVDDDIIVIIIVVVDDIIIVVVIVIIIIVVVVDIVIIIVVVVVIIIIVVVVDDIVIVVVVVVIIIIIVVVVVIIVVIY

Paranothosaurus
DD029IIIVVDDDIVIIIVVVDDIIIIVVVVDIIIIVVVVDIDIVIIVVVVDVIVIIVVVVVDVIIIVVVVVVIIVIIVVVVIVNIIIIY

Askeptosaurus.italicus
O L o o e o L e P P e e b

?77?1100000011110000001000011011000000100011000000000000000011111111

Anshuansaurus.huangguoshuensis
O o e o L P P e e e



Endennasaurus.acutirostris
200999999V DDIIIVVVVDDIIIVIVVVVIDIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVNIIIY

Clarazia.schinzi
D099V DIIIVVVVDVIIIIVVVVDIDIIVIIVVVVVIVIVIIVVVVVIVIIIVIVVVVVVIIVIIVVVVVIIIY

?7??0011110111000110111001110000111101100111000000000000000011111111

Hescheleria.ruebeli
200999999V DIIIIVVVVDIIIIVVVVVVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVIVIVIIVVVVIVIIIIY

Paralonectes.merriami
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Agkistrognathus.campbelli
O e b )

Xinpusaurus.baomaolinensis
2920722227272227272222272222272222222222272222222222222222222222222222222222272772

Nectosaurus.halius
2009999999999 DIIIVVVVDDIIIIVVVVDIVIIVIVIVVVVDIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVIVNIIIY



0?7?0079 770797?70?77777?7777777777777

Thalattosaurus.borealis
2227722272722 727722727722727722272702227722272722277722777

Xinpusaurus.suni
O L e e L P e e b

Miodentosaurus
DDDD9IIIVDDDDIIIVVVVDDIVIIVVIVDDIIIIVVVVDDIVIVIVVVDDIVIVIIVVVVVDIVIVIVIVVVVVVIVIVIIVVVVVIVIIIVY

Anshuansaurus.wushaensis
DDDDIIIVVVDDIIIVVVVDDIIVIIVVVIDIIIVVDDDIVIVVVVVDIIIVIVVVVVIDVIIIVVVIDIIVIVVVVVVIVIIIIIN0

Saurosternon
DIDDIIVVIIVIVVVIIVVIVIVVIVIVVIVIVVVIVVVIVVVIVVVIIVVIIVVIVIVVIVIVVIVIVVIVIVVVIIVVIVVVIVVVIVIVVDIVVIVIVVIIND

Palaeagama
L L o o P b b o ol



0?7?0079 770797?70?77777?7777777777777

Hupehsuchus
O L Yol

Macrocnemus
DIVDIVVIIVIVVDIIVIIVDVIVVVIVDVIVVVIVVVIVVVIIVDIIVDIIVVIIVVDVIVVVIVVVIVVVIVVVIVVVIVIVVIIVVIVVIIDID

Pamelina
D099V IIVVVDDIIIIVVVVDVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVVIIIIVVVVVIIVIIY

Drepanosaurus
R e e e e e e )

Sophineta
O o o e L o P e e o el )

Marmoretta
DIDIIDIDIVVIIDIVDIVVIVVIVVIVVIVVIVVDIVVIVIVDIVVIVIIVPVVIIVIVIVVIVVIVVIVVVVIVVIVVVVIVIVIIINITG



Orovenator
DIVDIVVIIVIVVDIIVIIVDVIVVVIVDVIVVVIVVIVVDIVVDIVVIIVDIVIVDVIVVVIVVVIVVVIVVVIVVVIVIVDIIVVIVVIIDID

Galesphyrus
2099972927227292729272227227222222222227222722722722222272227222722272222227222722272227777

Thadeosaurus
DDDDDIIIVVVDIVIIVVVDDIDIIIIVVVDDIIIVVVVDIDIIIIVVVVVIVIIIVVVVVIDIIVVVVVIVIVIVIIIVVVVIVIIIIIIY

Kenyasaurus
R e e e )

Tangasaurus
R e e e e e e )

outgroup
000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000

end;



begin assumptions;
options deftype=irrev;
end;

begin sets;
charset Reiszetal2011 = 1-16;
charset Sumidaetal2010 = 17-26;
charset minisupertree7 = 27-46;
charset minisupertree8 = 47-100;
charset DeBraga&Reisz1995 = 101-107;
charset Laurin&Reisz1997 = 108-109;
charset Lee2001 = 110-136;
charset Modesto&Reisz2002 = 137-146;
charset Muller2003 = 147-167;
charset Rieppel&DeBraga = 168-178;
charset minisupertree5 = 179-197;
charset minisupertree6 = 198-223;
charset Cisnerosetal2004 = 224-230;
charset Cisnerosetal2008 = 231-238;
charset Lee1995 = 239-245;
charset Lee1997 = 246-266;
charset MacDougall&Modest02010 = 267-284;
charset Modesto&Damiani2007 = 285-295;
charset Modesto&DamianiDeBraga = 296-303;
charset Modesto&DamianiPineiro = 304-309;
charset Modestoetal2001 = 310-316;
charset Modestoetal2002 = 317-320;
charset Modestoetal2003 = 321-325;
charset Mulleretal2008 = 326-330;
charset Reisz&Scott2002 = 331-339;
charset Saila2008 = 340-352;
charset Sues&Reisz2008 = 353-360;
charset Tsuji2006 = 361-373;
charset minisupertreel0 = 374-415;
charset Druckmiller&Russell2008 = 416-429;
charset Holmesetal2008 = 430-432;
charset Klein&Albers2009 = 433-438;
charset Lietal2011 = 439-446;
charset OKeefe2004 = 447-467;
charset Rieppel2000a = 468-476;
charset Rieppel2000b = 477-484;
charset Rieppel&Zannon1997 = 485-489;
charset Storrs1993 = 490-507;
charset Muller2005 = 508-517;
charset Liu&Rieppel2005 = 518-526;
charset Jiangetal2003 = 527-531;
charset Wuetal2009 = 532-542;
charset minisupertree7 = 543-571;

end;



Ichthyopterygia
#NEXUS

begin data;
dimensions ntax=48 nchar=113;
format datatype=standard missing=?;
matrix
Mixosaurus.cornalianus
110010011000000000000000000111110011000000000000000001111110100011110
10000000000011110010000000000000000011111111
Mixosaurus.kuhnschnyderi

Phalarodon.fraasi
001110111000000000000000000111110111000000000000000001111110011111110

10000000000011110010000000000000000011111111

Phalarodon.callawayi

Contectopalatus.atavus
0001101110000000000000000001111101110000000000000000011111100001111217

0000000000000110000000000000000000000111111
Chaohusaurus

11000000001111101000000000000000000011111112
Phantomosaurus

001111111111110000000000011111111111211111



Eurhinosaurus

000011111111110000000000111111111111111111
Stenopterygius

011111111111110000000001001111111111111111
OPTHALMOSAURIA

0111111111111100000000110011111111111111112
Ichthyosaurus

000111111111110000000011001111112722111112
Suevoleviathan

000000111111110000000000000011111111111111
Temnodontosaurus.platyodon

000000001111110000000000000111111111111111
Macgowania

100000000111110000111000000000000111111111
Shastasaurus

10000000011111000000100000000000011111121211
Merriamosaurus

000000000001110000000000000000000000001111



Thaisaurus

Hovasaurus
DIVDVIIVVIIVDIIVDIIVIIVDVIVVVIVVVIVVVIVVVIVVVIIVDIVVIIVDIVIVVIVIVVVIVVVIIVVIVVVIVVVIVIVVIIVVIVVIVDIY

Thadeosaurus
D099 DDIIVVVVDDIIIVVIVDDIIIIVVVVDDIIVIVIVVVDDIVIIIVVVVVVIIIVIVVVVVVIIVIIVVVVVIVIIVY

Cymbospondylus.buchseri
o o P e e oy

Guizhouichthyosaurus
O o e o L e e P e e b

Excalibosaurus
DDDD99IIVDDDIIIVVVVIDIIIIVVIVDDIIIIVVVVDDIIVIVIVVVDDIVIVIIVVVVVVIIIVIVVVVVVIIVIIVVVVVIIIIVY

Xinminosaurus
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIIDVIDIVVVVIIVVDIVIVVVVIIVVVVIVVVDIVVVIVIIVVVIVIVVVIID

Hupesuchus
O o e o L e P P e o

Claudiosaurus
DDIDVDIIVVIIIVVDIVVDDIIVVDIVIVVVVIIVVIIDVIDIVVVVIIVVDIVIVVVVIIVVVIDVVDIVVVIVIIVVVVIVVDIID

outgroup
000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000



end;

begin assumptions;
options deftype=irrev;
end;

begin sets;
charset Jiangetal2006 = 1-5;
charset Maisch&Matzke2003a = 6-32;
charset Maisch&Matzke2003b = 33-59;
charset Maisch&Matzke2005 = 60-68;
charset Sander2000 = 69-85;
charset minitree = 86-113;

end;

Lepidosauromorpha
#NEXUS

begin data;
dimensions ntax=46 nchar=86;
format datatype=standard missing=?;
matrix
Brachyrhinodon.taylori

110011100011111
Clevosaurus.hudsoni

1100011110111111
Kallimodon

00011100001111
Sapheosaurus.thiolleri

1101011100001111
Cynosphenodon.huizachalensis



Toxolophosaurus

100011100001111
Homeosaurus.maximilliani

1100011100001111
Diphydontosaurus

100000100000011
Sphenocondor

0001100000111
Pleurosaurus.goldfussi



Polysphenodon.muelleri

1100001111
Gephyrosaurus.bridensis

00000100000001
Youngina

Clevosaurus.petilius
O e o L e P e e e

10111111



Clevosaurus.bairdi
DD0999IIVDDDDIIIVVVVDDIIIVIVVVVDIIIIVVVVDIVIIIVVVIVIIIIVVVVVIVIVIIVVVVVDIIIVIVVVVVVIIIIIIN0

01111111

Clevosaurus.mcgilli
7999970999297 77777779777?97?99?97?77?97?77977

01111111

outgroup
000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000

end;

begin assumptions;
options deftype=irrev;

end,;

begin sets;
charset Apesteguia&Novas2003 = 1-14;
charset Apesteguiaetal2012 = 15-29;
charset Dupret2004 = 30-38;
charset Evans&BorsulBialynicka2009 = 39-45;
charset Gauthieretal1988 = 46-54;
charset Rauhautetal2012 = 55-72;
charset Reynoso2000 = 73-78;
charset Suesetal1994 = 79-86;

end,

Synapsida

#NEXUS

begin data;
dimensions ntax=306 nchar=829;
format datatype=standard missing=?;

matrix

Proburnetia



0?7?0079 770797?70?77777?7777777777777



Biarmosuchus.tener






0?7?0979 7?77?77700997?997?977?77?97777777777

?



0?7?0079 770797?70?77777?7777777777777

?



0?7?0079 770797?70?77777?7777777777777

?



Dicynodontoides






9?709799?797?77?727?277792?77??72?77?72??77702?977?97?77?77??70?977990?997777?77?77?777797777



0?7?0079 770797?70?77777?7777777777777

?297?
Rhachiocephalus.magnus



Dicynodon.trautscholdi

0000000000111
Dicynodon.amalitzkii

000000100000000000111111
Dicynodon.lacerticeps



?






0?7097 7?707?07?9779977977?77?97?0779977997977?907?977?97777777

2?7?



9??09799?99777?7927?277792?77??77?77?777?77707?97797?77??97??07?97?970?997777?77?77?977797777



0700799799777 7997?977?97??77?0?7777?7?797770??977?90?77770?7797777?907790777777



0?790799?799777??27?92?77797?7977777799??77?90?77779?77977797?77770?77777777777777797777777



0?790799?799777??27?2?777?97?79777777?7777779777?77?9790977?77??77?00?9777997?977?77?77?777






Oromycter.dolesorum



0?7907799?797777??27?92?77777?79777777?72?77770777?77?0?77?77?77??77?00?9977997?977?77?77?777






0?7?0079 770797?70?77777?7777777777777

Tapinocaninus.pamelae
20799972972927222729272227227222222222227222722722722272227222222722272227222722272227222727727

Tiarajudens
O L e e L P e e b

Anomocephalus
O e o o e b o)

Ulemica
200999999 DIIIVVVVDDIIIIVVVVDIIIIVVVVDIDIVIVIVVVDDIVIVIVVVVVVIIIVIVVVVVVIIVIVVVVVVIVIIIVY

Otsheria
2009999999999 DIIIVVVVDDIIIIVVVVDIVIIVIVIVVVVDIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVIVNIIIY



Galechirus
2227022272222 7222772227277727727772777

Galeops
O L o e L L e e P e e b

Lycosuchus.vanderrieti
O e o o L e P P e e

Ischigualastia
L L o o L L b o ol



0?7?0079 770797?70?77777?7777777777777

11111111

Stahleckeria
DDDDIIVVVVDDIVIIVVVVIIIIVVVDDDIIVIVVVVDIIIVVVVVIDIVIIIVVVVVDVIIIVVVVVIVIIVIIVVVVVIVIIIIIY

111111111

Dolichuranus
D099V IIVVVDDIIIIVVVVDVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVVIIIIVVVVVIIVIIY

11

Shansiodon
DDD99IIIVVVDDIVIIIVVVVDIIIIVVVVVDIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDVIIIIVVVVVIVIVIIVVVVIVIIIIY

01111

Vinceria
D00999999909999999999999999DD9IIIVDDDIIIVIVVVIVVIIIVVVVVVVIVVVDVIVIIIVVVVVIVIIIIVVI



0?7?0079 770797?70?77777?7777777777777

1111

Tetragonias
2279292972977 2772777777777777

00001111

Dinanomodon.rubidgei
O L e e o L e e e b P b

Daptocephalus.leoniceps
O L o o o oo o)

Emydops.oweni
e L o P P o b

Kombuisia.antarctica
2009999999999 DIIIVVVVDDIIIIVVVVDIVIIVIVIVVVVDIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVIVNIIIY



Geikia.elginensis
2079997297292722927292722272272222222272227222722722722272227222222722272222227222222722277727

Galepus
L bl o)

Ctenospondylus
O o o P o e

Palaeohatteria
DDIIVDIIVVIVIIVVDIVVVDIIVVDIVIVVVVIIVVDIIDVIDIVVVIVIIVVDIVIVVVVIIVVVIVIDVVDIVVVIVIIVVVIVIVVDVID



0?9079 777277790977?77?77?777?77777

Edaphosaurus.cruciger
7999299799297 ?99?79?79770?77797777?7777?97?97797?9997?97?77?9777777

Dvinia.prima
VR b b bty

2?7?

Procynosuchus.delaharpeae
O o o o e oy

Charassognathus.gracilis
29207222272222722227272222272222222222272227222222222222222222222222222222272727

Glanosuchus.macrops
L L L o o P b b b ol



0?7?0079 770797?70?77777?7777777777777

Ictidosaurus.angusticeps
2279292072972 20720727?7?777777777777

Pristerognathus.polyodon
O o o o o Yo Yo )

Promoschorhynchus.platyrhinus
2972779227722727222722222227222222727222222272227222722272222729227222272222729227272777

Olivierosuchus.parringtoni
2990722227027222727222227222227222222222227222222222222222222222222222222222227772



0?7?0079 770797?70?77777?7777777777777

Cerdops.burgheri
O e L o Yo Yo )

Moschorhinus.kitchingi
20207222272722272722272722222227222227222222222222222222222222222222222222222227777

Euchambersia.mirabilis
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Moschowhaitsia.vjuschkovi
O L o e oy

Theriognathus.microps
2990722227272227272222272222272722222222222222222222222222222222222222222222227772



0?7?0079 770797?70?77777?7777777777777

Viatkosuchus.sumini
D0099IIIVDDDDIVIIVVVVDDIIIVIVVVVDDIIIIVVVVDIDIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVDIVIIVVVVIVNIIIY

Tetracynodon.tenuis
297292722722222222722222272222222222227222222222222222222222222722222222222227272727

Tetracynodon.darti
e e oy

Choerosaurus.dejageri
L L o o P b b o ol



Lycideops.longiceps
L R N

Ictidosuchus.primaevus
2272972929777 207?0727?7?777777777777

Ictidosuchops.rubidgei
O e o e e oo

Ichtidosuchoides.longiceps
29709972927227222222722222222222222222222227227227222227222227227227227222727222777

Regisaurus.jacobi
292072222722227272227272222272222222222272222222222222222222222222222222222272772



0?7?0079 770797?70?77777?7777777777777

Scaloposaurus.constrictus
2092972927222227292722222272222222222272222227227222722272222227222722222272227222722277727

Ericiolacerta.parva
29072722722227222277227222227222222272222222722272222222222227222222222227222722772

Ictidostoma.hemburyi
O e o P P P o b

Hofmeyria.atavus
292072222722227222272722222722222222222722227222222222222222222222222222222227727



Mirotenthes.digitipes
209297297292722927292722272272272222222227222222722722272227222222722272222227222222722277727

Kitchinganomodon
2207222272722272722272722222227222227222222222222222222222222222222222222222227777

Dagingshanodon.limbus
L L b bl k)

Keyseria.benjamini
L L o o P L b b Yol



0?7?0979 7?77?77700997?997?977?77?97777777777

Dicynodon.huenei
2092972927227222729272222227227222222722272222227227222222722222272227222222722272227222727727

Dinanomodon.gilli
o o e o o e P e e b b e )

Sintocephalus.alticeps
O o e o e ool

Basilodon.woodwardi
DD0999IIVDDDDIIIIVVVVDIIIIVVVVVIIIIVVVVDIDIIIVVVVDVIVIIVVVVVDIIIIVVVVDIIVIIVVVVVIIIIY

Euptychognathus.bathyrhynchus
2920722727222272222722222272222272222722222272222272222272222722222222222222222772

000000000000000000000000000001000001110000000000000000000000011111111111111



Lystrosaurus.declivis
20929729722722272927229222272222222272227222222722222722272222227222722222272227222722277727

Lystrosaurus.hedini
292727227722727222722722222722222222222222272222222722222222222722222722722227222272

Kwazulusaurus.shakai
DD99IIVDDDIIVIIVVVDDIIIVVVIDIIIVVVVDIIVIIIVVVVVIDIIVVVVDIDIIVIVVVVVVIIIIIVVVNVVIIIVDY

Lystrosaurus.maccaigi
L L o L P b b o oYl



Lystrosau rus.curvatus
2??00707?0777?77?7777?77?77??7277?7707?7?70777?777777?77??7?7??7?77?7?77?77977777

Syops.vanhoepen
O L o o o o)

Jimusaria.sinkianensis
DDIDDDIIVDIIIDIDIVVDIIVVIVIVVDIVIIVVDIVDVDIVVDIIVVDIVIDVDIIVVDIVVVDIIVVVVIIVVVIVIVVDIIY

Rechnisaurus
D029V DDIIIVVVVDDIIIVVVVVDDIIIIVVVVDDIIVIVIVVVDDIVIIIVVVVVVIVIIVIVVVVVVIVIVVVVVVIIIVY

1

Dinodontosaurus
2099999999999 IIIVVIVDDIIIIVVVVDIDIVIVVVVVVIVIVIIVVVVVVIVIIVIVVVVVIVIIVIIVVVVVNIIIY

000000000000000000000000000000000000000100010000000000000001111111111111111



11111

Rhinodicynodon
2272972927729 20?720?727727?727?777277?77?777072072797?777777

?

Kannemeyeria.lophorhina
20722272227272272227222722222272222222222222222222222222222222222222222222222222222727

Rabidosaurus
DDD99IIIVVVDDIVIIIVVVVDIIIIVVVVVDIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDVIIIIVVVVVIVIVIIVVVVIVIIIIY

Parakannemeyeria.dolichocephala
L L o L L e e e L P L e )



111

Uralokannemeyeria
209997292729222272927222722722722222222272227227222227222722222272227222222722272227222727727

Placerias
DDDD9IIIVDDDDIIIVVVVDDIIIVVIVDDIIIIVVVVDIDIVIVIVVVDDIVIIIVVVVVDIVIIVIVVVVVVVIVIIVVVVVIVIIIVY

111111

Moghreberia
290722227222272722272722222722222222222722222222222222222222222222222222222727727

Rhadiodromus
DDDD99IIVDDDIIIVVVVIDIIIIVVIVDDIIIIVVVVDDIIVIVIVVVDDIVIVIIVVVVVVIIIVIVVVVVVIIVIIVVVVVIIIIVY

Wadiasaurus
DDIIDDIIVVIVIIVVDIVVVDIIVVDIVIVVVVIIVVDIIDVIDIVVVIVIIVVVIVIVVVVIIVVVIDVVDIVVVIVIIVVVIVIIVVIID



000000000000000000000000000000000000000000000000010001111111111111111111111

011111

Sangusaurus
299277722222722222722222722222272722222222222222222222222772222222222272222727272

Jachaleria
DDDDIIVVIDDIIIVVVVDDIIIIVVIDIDIIIIVVVIDVIIVIVIVVVDDVIIIVVVVVVIIIVIVVVDVVIVIVIVVVVVIVIVIIIVY

1

Sinokannemeyeria.pearsoni
207222722272722722272227222222722272222222222222222222222222222222222222222222222722727

111

Xiyukannemeyeria.brevirostris
L L P b b b Yol



9?7979 2?72792?77?77?77?77?77702?970997777?77??77?077990997777?77?77?977797777

Angonisaurus
2792072972972 29729?720727?727?727?97707297?0729?72772777777777

11111

Turfanodon.bogdaensis
O L e e e e L e e P e e b

Gordonia.traquairi
O o o e by

Eodicynodon.oelofseni
L L L b L b b k)

Edaphosaurus.pogonias
O o L e P P e ey



0?9079 7?07?07?977997777?0??97?70779777990?977?977?907?99777777

Edaphosaurus.colohistion
299297292729272227292722272272227222722222272227227222722272227222222722272222227222222722277727

Kingoria
2 PN NNVINNNVIVNIVIVIINIVINNIVINNIVIVNNN?

Petrolacosaurus
DDD99IIIVVVDDIVIIIVVVVDIIIIVVVVVDIIIIVVVVDIDIVIIVVVVDVIIIVVVVVDVIIIIVVVVVIVIVIIVVVVIVIIIIY

Elliotsmithia
DDIIVDIIVVIVIIVIDIVVDDIIVVDIVIVVDVIIVVDIIDVVDIVVVIVIIVVDIVIVVVVIIVVVIVIDVVDIVVVIVIIVVVIVVVVID



0?7?0079 770797?70?77777?7777777777777

Apsisaurus
2092972927227222729272222227227222222722272222227227222222722222272227222222722272227222727727

Araeoscelis
DDDD9IIIVDDDDIIIVVVVDDIIIVVIVDDIIIIVVVVDIDIVIVIVVVDDIVIIIVVVVVDIVIIVIVVVVVVVIVIIVVVVVIVIIIVY

Acerosodontosaurus
2??707?7?277777777777777?277?77277772?777?7?70777?277?7777777?777?7?77?7?77?7?7777777

Youngina
O e L o o ko)

Trilophosaurus.buettneri
O o e o o e P P e e



Prolacerta
D0099IIIVDDDDIVIIVVVVDDIIIVIVVVVDDIIIIVVVVDIDIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVDIVIIVVVVIVNIIIY

Hyperodapedon
O e e L P b )

Planocephalosaurus
L e e

SQUAMATA
2222227 22272227222722272227222722272227222279227222279227222272722729227272277



Coelurosauravus
R??00707?07?77?77?77727??777??7?707?97777?7?7777??7777?277?7770777?70777?777?77?77777

Paleothyris
22929720729727?27?27?7720729729729722?727727?727?77207207297?07279?72772777777777

Bullacephalus
O e o o e ooy

Australosyodon.nyaphuli
2020722227272227272227272222222222227222222222222222222222222222222222222222227777

Anteosaurus.magnificus
207072972972272222227222222222222222222222272272272222222222272272272222222227222777



Pachydectes
2092972927222227292722222272222222222272222227227222722272222227222722222272227222722277727

Lobalopex
2207227272722272722272722222227222227222222222222222222222222222222222222222227777

Sinoconodon
DD099IIIVVDDIVIIIVVVDDIIIIVVVVDIIIIVVVVDIDIIIVVVVDDIVVVDVIVIVIIVVVVVIDIVIIIVVVVVVIVIIIIING

?777?

Morganucodon
292072272727222727222727222227222222722222722222222222222227222222222222222272272772



Pachygenelus
299297292729272227292722272272272222222227222722722722272227222222722272222227222722272227777

Probainognathus
O L o Pl )

Probelesodon
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Cynognathus
O o o e

Thrinaxodon
DDIIDDIIVVIVIIVVDIVVVDIIVVDIVIVVVVIIVVDIIDVIDIVVVIVIIVVVIVIVVVVIIVVVIDVVDIVVVIVIIVVVIVIIVVIID



0?7?0079 770797?70?77777?7777777777777

?777?

Galesaurus
20099999V DIIVVVVDDIIIIVVVVDIIIVVVVIDIVIVVVVVVIIIIVVVVVIVIVIIIVVVVVIVIIIVVVVVVIIIIIN0

Ictidorhinus
20099999V IIVVVDDIIIIVVVVDVIIIIVVVVDIDIIVIVVVVVDVIVIIVVVVVVIVIIIIVVVVIVIIVIIVVVVIVIVIIIY

Zambiasaurus
D029V DIIIVVVVDDIIIVVVVDDIIIIVVVVDDIIVIVVVVDDIVIVIIVVVVVVIVIIVIVVVVVVIVIIVVVVVIVIIIVY

Lystrosaurus.georgi
292779227222722227222272222727222722722227222222222722722922722272222722272222722272277



0?7?0079 770797?70?77777?7777777777777

Dicynodon.trigonocephalus
20929729722722272927222222722222222222722222272272227222722222272227222222722272227222727727

Ulemosaurus.svijagensis
20207222272722272722272722222227222227222222222222222222222222222222222222222227772

Estemmenosuchus.mirabilis
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Notosyodon.gusevi
29929729072927292729272927227222227222722722272272272227222722272227222722222272227222722277727

Pampaphoneus.biccai
207099729272222222272222227222222222222222722272222222222222222227222222222722227277727



0?7?0079 770797?70?77777?7777777777777

Titanophoneus.adamanteus
20929729722722272927229222272222222272227222222722222722272222227222722222272227222722277727

Microsyodon
o e P e e

Archaeosyodon.praeventor
b o)

Paraburnetia
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIIDVIDIVVVVIIVVDIVIVVVVIIVVVVIVVVDIVVVIVIIVVVIVIVVVIID



Niuksenitia
200999999V DDIIIVVVVDDIIIVIVVVVIDIIIVVVVDIDIVIVIVVVVVIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVVNIIIY

Lophorhinus
O o o e e e e e e e e )

Progalesaurus
O e e e e ook

Massetognathus
O e o e e L e P P e e P b

Exaeretodon
DD09999999999999999999IIVVDDDIIIVVVVDIIIVIVVVVIVIVIIIVVVVIVIIVIVVVVVVIIIIVVVVVIVIIIVIY



Trirachodon
2270722272222 27722227227727227727222727022277222727772777772777

Diademodon
200999999V DIIIIVVVVDIIIIVVVVVVIIIIVVVVDIDIIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVIVIVIIVVVVIVIIIIY

?
Ecteninion
2229222272222227722222227722222222222222277722222777222222277272222227772722222777

Oligokyphus
e o L L o e o L L o o e P b b o ol

7777



Kayentatherium
299297292729272227292722272272272222222227222722722722272227222222722272222227222722272227777

Brasilitherium
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIDVVDIVVVVIIVVDIIVVVVIIVVDIDVVDIVVVIVIIVVVVIVVVIID

Brasilodon
DD099IIIVDDIIVIIIVVVDDIIIVVVVDIIIIVVVVDIVIIIVVVVVIVIIIVVVVDVIIIVVVVVVIIVIIVVIVIVIIIIVVIG

Chiniquodon
O e o o L e P P e e

?7?
Lumkuia
2092720722022720272°22772027720222022720272207220070202720227°20772°09772007°0°2977



0?7097 7?707?07?9779977977?77?97?0779977997977?907?977?97777777

Platycraniellus
20929729722722272927229222272222222272227222222722222722272222227222722222272227222722277727

Cynosaurus
R e e e P P P P P

Prorubidgea
29929792927292729272927229272272222222272272227227227222722272227222722272222227222722272277727

Cricodon
DDIIVDIIVVIVIIVVDIVVVVIIVVDIVIVVVVIIVVDIIDVIDIVVVVIIVVDIVIVVVVIIVVVVIVVVDIVVVIVIIVVVIVIVVVIID



Langbergia
2PNV PNVIVINVVVIVVIVVIVNVIVNVNNDIVNVINDIVNNINYY

Menadon
2227072227222 7222777222727772727772777

Scalenodontoides
D099V DIIIIVVVVDIIIIVVVVVVIIIIVVVVDIDIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVVIVIVIIVVVVIVNIIIY

Gomphodontosuchus
202072222727222727222727222227272222272222222222222222222222222222222222222222272772

Santacruzodon
2099999999999 DIV VIVDIIIIVVVVDIDIVIVIVVVVVVIVIIVVVVVVIVIIVIVVVVVIVIIVIIVVVVVNIIIY



Dadadon
2009999V DIIIVVVVDDIIIIVVVVDVIIVVVVVDIIIVVVVDIVIIIVVVVVIDIIIVVVVVIVIIVIVVVVVVIIIIIN0

Andescynodon
O L L e e o L e e P e e b

Scalenodon.hirschsoni
DD029IIIVVDDDIVIIIVVVDDIIIIVVVVDIIIIVVVVDIDIVIIVVVVDVIVIIVVVVVDVIIIVVVVVVIIVIIVVVVIVNIIIIY

Pascualgnathus
O L L L L b bl b k)

Traversodon
2009999999999 DIIIVVVVDDIIIIVVVVDIVIIVIVIVVVVDIVIVIIVVVVVVIVIIVIVVVVVVIIVIIVVVVIVNIIIY



0?7097 7?77700997?997?7797?77777??777777

Luangwa
299272727222227722227722227222222722222222222222722227222222727222227222227222227777

Scalenodon.angustifrons
220702227222270272227272227272227222222722222272222272222272222222222222222722222772

Riograndia
299297292729272292722722927227227222722272227222722272272227222722222222272222222227222722277727

Prozostrodon
DDIIVDIIVVIVIIVIDIVVDDIIVVDIVIVVDVIIVVDIIDVVDIVVVIVIIVVDIVIVVVVIIVVVIVIDVVDIVVVIVIIVVVIVVVVID



Therioherpeton
290297292722722272927222222722222222722272227227222227222722222272227222222722272227222727727

Hadrocodium
DDDDIIVVVDDDIIIVVVVDDIVIIVVVVDVIIIVVDDDIVIVVVVVDIIVIVIVVVVVIDVIIVVVVVDIVIVIVIVVVVVVIVIIIIIY

Dinnetherium
200999999V DIIIIVVVDDIIIIVVVVDVIIIIVVVVDIDIVIVVVVVDVIVIIVVVVVDVIIIVVVVVIVDIIIVVVVVIIIIY

Kuehneotherium
DD0999IIVDDDDIIIIVVVVDIIIIVVVVVIIIIVVVVDIDIIIVVVVDVIVIIVVVVVDIIIIVVVVDIIVIIVVVVVIIIIY

Megazostrodon
2920722227222272222727222222222222222722222272222272222272222222222222222222222772



0?7?0079 770797?70?77777?7777777777777

Adelobasileus
D0099IIIVDDDDIVIIVVVVDDIIIVIVVVVDDIIIIVVVVDIDIVIVVVVVDIVIVIIVVVVVVIVIIIVVVVVIVDIVIIVVVVIVNIIIY

Nanictosaurus
DDDDIIIIVIDDDIIIVVVVIDIIIVIVVIVIDIIIVVVVDIDIVIVIVVVDDIVIIIVVVVVDIVIIVIVVVVVVIVIVIIVVVVVIVIIIVY

Aleodon
DDD99IIIVVDDDIVIIIVVVDDIIIIVVVVDIIIIVVVVDIDIIIVVVVDIVIVIIVVVVVDVIIIVVVVVIVIIVIIVVVVIVIVIVIIY

Haldanodon
DDIIDDIIVVIVIIVIDIVVVVIIVDVIIVVDIVVDVIIVVVIVIVVVVIIVVDIVIDVVDIVVVIVIIVVVIVIVVVVIIVVDIIVVIIN0



MONOTREMATA
292770227722727227722272272722272227222722272227222279227222792272227272279227272277

MULTITUBERCULATA
2999727720227272222727222272772222772222772222727922227922272792222772222727222277772?

PLACENTA
2907202772272722772227227272227227222227222222272227222722227222722272227292272277

Triconodon
DDDD99IIVDDDDIIIVVVVIDIIIIVVVVDDIIIIVVVIDIDIIVIVIVVVDDIIVIIVVVVVVIVIVIVIVVVVVVDIVIIVVVVVIVIIVY

MARSUPIALIA
2222222 22222722222772222772222772222772222277222277222272772?



0?7?0079 770797?70?77777?7777777777777

Vincelestes
200999999 IIVVVVDDIIIIVVVVVDIIIIVVVVDIDIIVIVIVVVVDIVIVIIVVVVVVIIIVIVVVVVVIIVIIVVVVIVNIIY

Zhangheotheirum
20727227222727227222222722227227227222222222222222222222222222222222222222222222227727

Ornithorhynchus
O o o o e oy

Trucidocynodon
O o L o o o P P b

Irajatherium
2072227222722272227222722222222222222222272222222222222222222222222222222222222222727



0?7?0079 770797?70?77777?7777777777777

Diarthrognathus
O L L o e o o o)

Elliotherium
DDIDDDIIVDIIIVDDIIVVDVIIVVIVIVVDIIIVVDIVDVDIIVVDIIVVIVIVVDIIVVDIVVVDIVVVVIIVVIVIVVDIVY

Chaliminia
22292222222222277222222277222222227222222272222222772222222727222222777222222777

Phascolotherium
DDIIDDIIVVIVIIVVDIVVVDIVVDIVIIVVVIIVVVIVIIVVDIVVVDIVVVIVIIVVVIVIIVVIIVVVIVIIVVVIIVVVIIVVII0



Peramus
DIVDIVDIIVIVVDIIVIVIVDVIVVVIVVVIVVVIVVVIVVVIDVDIVVIIVVIVIVVIVIVVVIVVVIIVVIVVVIVVVIVIVDIVVVIVVIIDID

Trioracodon
DDDD9IIIVDDDDIIIVVVVDDIIIVVIVDDIIIIVVVVDIDIVIVIVVVDDIVIIIVVVVVDIVIIVIVVVVVVVIVIIVVVVVIVIIIVY

Spalacotherium
20029020729272992722722272272272222227222722272272222227222722272227222722222222272227222727727

DRYOLESTIDA
2007702277027270277222722272227227272227222722272227222722272227222722272227227772

Ambolotheirum
DDIDDDIIVDDIVVDDVIVVDIIVVDIIDVDIIVVDIVVDDIVVDIVVVIVIVVDIIVVDIIVVVDVIVVVVIVVVVIVIVVVIVY



0?7?0079 770797?70?77777?7777777777777

Amphitheirum
20929729722722272927229222272222222272227222222722222722272222227222722222272227222722277727

HARAMIYIDAE
22222 277222227722222772222727222227222227722227772

Bolotridon
DDD99IIIVVDDDIVIIIVVVDDIIIIVVVVDIIIIVVVVDIDIIIVVVVDIVIVIIVVVVVDVIIIVVVVVIVIIVIIVVVVIVIVIVIIY

Boreogomphodon
L L o o L P b b o Yol



Arctotraversodon
20099929V IIIIVVVDDIIVIVVVIVIIVIVVVVIIVIIVVVVVVIVIIIVVVVDVIIVIVVVVVVIIIIVVVVVIVIIIVDY

Nanogomphodon
2272972929777 207?0727?7?777777777777

Sinokannemeyeria.yingchiaoensis
O o o e e ook

Sinokannemeyeria.sanchuanheensis
220722227222272722272222227222222222272222227222227222272222722222227222222222772

Parakannemeyeria.shenmuensis
O o e L e P P e o



0?7?0079 770797?70?77777?7777777777777

Parakannemeyeria.youngi
20929729722222729272227227222222222227222722722722272227222222722272222227222722272227777

Parakannemeyeria.ningwuensis
o P L o e e P e )

Lystrosaurus.platyceps
DD DD DI I DI DI DI DI D IV DD DI DI DI DIV DI DI DIIIIIIDIIIIDIDIIIIIIVIIIIIII?

Lystrosaurus.oviceps
DI DI DI II DI DI D DD DI DI D DI D DI II DD DI IV DI DI DIV DI DIIIIDIDIIIIIIVIDIIIIII?

Lystrosaurus.robustus
2920722727222272222722222272222222222222222222222722222222222222222222222227222772



0?7?0079 770797?70?77777?7777777777777

Lystrosaurus.shichanggouensis
2979297292722229272927229272272222222222272222227227222722272222227222722222272227222722277727

Lystrosaurus.broomi
O L e e o o L e P P b e b

Lystrosaurus.youngi
DD DI DI II DI DI D DI DI DI D IV DI DI DI DI DI DIV II VDIV IV IIDIIIIDIDIIIIIIVIDIIIIII?

Rhachiocephalus.crassus
L L o o o P L b b ol



9?7979 7??77?07970997777?97?70?77777777

Cteniosaurus.platyceps
2092992972927222729272227227222222222227222722722722222272222227222722222222272227222727727

Propelanomodon.devilliersi
O L e e L P e e b

outgroup

000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000

énd;

begin assumptions;
options deftype=irrev;
end;

begin sets;
charset Amson&Laurin2011 = 1-21;
charset Angielczyk&Rubidge2012 = 22-51;
charset Benson2012 = 52-92;
charset Bermanetal1995 = 93-98;
charset Cisnerosetal2011 = 99-119;
charset Damianietal2007 = 120-140;



charset Frobisch&Reisz2011 = 141-180;

charset Frobischetal2010 = 181-190;

charset Frobischetal2010b = 191-229;

charset Sigurdsenetal2012 = 230-247,

charset Kammereretal2011 = 248-329;

charset Kissel&Reisz2004 = 330-339;

charset Liuetal2009b = 340-352;

charset Maddinetal2008 = 353-360;

charset Mayierski&Reisz2010 = 361-368;

charset Modest01994 = 369-375;

charset Modestoetal2003 = 376-384;

charset Ray2006 = 385-394;

charset Reiszetal1992 = 395-401;

charset Reiszetal2009 = 402-412;

charset Rieszetal2010 = 413-434;

charset Rubidge&Kitching2003 = 435-440;

charset Rubidge&vandenHeever1997 = 441-444;

charset Rubidgeetal2006 = 445-457,

charset Sidor&Hopson1998 = 458-475;

charset Sidor&Rubidge2006 = 476-485;

charset Sidor&Welman2003 = 486-494;

charset Surkovetal2005 = 495-511;

charset minisupertreel = 512-522;

charset minisupertree2 = 523-532;

charset minisupertree3 = 533-538;

charset minisupertree4 = 539-547;

charset Abdala2007 = 548-574;

charset Abdalaetal2006 = 575-587;

charset Bonaparteetal2005 = 588-606;

charset Bothaetal2007 = 607-620;

charset Hopson&Kitching2001 = 621-642;

charset Liu&OlIlson2010 = 643-651;

charset Lucas&Lu01993 = 652-656;

charset Luo1994 = 657-664;

charset Luoetal2001 = 665-673;

charset Martinezetal1996 = 674-680;

charset Oliveiraetal2010 = 681-692;

charset Oliveira2006 = 693-705;

charset Rowe1988 = 706-713;

charset Sidor&Hancox2006 = 714-727;

charset Sidor&Smith2004 = 728-735;

charset Sues&Hopson2010 = 736-747;

charset Wible1991 = 748-757;

charset Liu&Li2003 = 758-764;

charset Liuetal2002 = 765-772;

charset Maisch2001 = 773-788;

charset Maisch2002 = 789-800;

charset Maisch&Gebauer2005 = 801-804;

charset Vegadiasetal2004 = 805-812;

charset Govender&Yates2009 = 813-829;
end;



Testudines
#NEXUS

begin data;
dimensions ntax=11 nchar=17;
format datatype=standard missing=?;

matrix
OTHER.CHELONIA11111111011110111
Proterochersis.robusta 11111111111110111

Australochelys.africanus 01111111000111011
Palaeochersis.talampayensis 01111111001111011
Proganochelys.quenstedti  00111101000010001

Simosaurus  0001????????2727277?
Anthodon.serrarius  0001???????2?2727277?
Owenetta.kitchingorum 0001?2?2?77227?2?2777?
MEGAPLEURODIRA ?27727777211111??7?
outgroup 00000000000000000

end;

begin assumptions;
options deftype=irrev;
end;

begin sets;
charset minisupertree9 = 1-4;
charset Anquetin2012 = 5-6;
charset Anquetinetal2009 = 7-8;
charset Gaffneyetal2007 = 9-13;
charset Rougieretal1995 = 14-17;
end;



Supplementary Data 3
Supertree in nexus format

#NEXUS

begin trees;

tree treel = [&r] ((Limnoscelis.paludis, (Tseajaia.campi, (Ambedus.pusillus,
(Oradectes.sanmiguelensis, (Orobates.pabsti, (Sepeliodon.hesperis, (Silvadectes.absitus,
(Diadectes.tenuitectes, Diasparactus.zenos, Diadectes.sideropelicus)))))))),
(((Archaeothyris.florensis, (VVaranosaurus.acutirostris, (Stereophallodon.ciscoensis,
Ophiacodon.mirus))), ((Oedaleops.campi, Eothyris.parkeyi), (Oromycter.dolesorum,
(Casea.broilii, (Trichasaurus.texensis, (Euromycter.rutenus, (Ennatosaurus.tecton,
(Angelosaurus.dolani, Angelosaurus.romeri, Cotylorhynchus.romeri,
(Cotylorhynchus.bransoni, Cotylrohynchus.hancocki)))))))), (Archaeovenator.hamiltonensis,
(Pyozia.mesenensis, Apsisaurus.witteri, ((Mycterosaurus.longiceps, Heleosaurus.scholtzi,
Mesenosaurus.romeri), (Elliotsmithia.longiceps, ((Ruthiromia.elcobriensis,
(Aerosaurus.greenleeorum, Aerosaurus.wellesi)), (Varanops.brevirostris, (Varanodon.agilis,
Watongia.meiri))))))), ((lanthasaurus.hardestii, (Glaucosaurus.megalops, Lupeosaurus.kayi,
(Edaphosaurus.novomexicanus, (Edaphosaurus.colohistion, (Edaphosaurus.boanerges,
(Edaphosaurus.pogonias, Edaphosaurus.cruciger)))))), (Haptodus.garnettensis,
(Palaeohatteria.longicaudata, (lanthodon.schultzei, (Pantelosaurus.saxonicus,
(Cutleria.wilmarthi, ((Secodontosaurus.obtusidens, (Cryptovenator.hirschbergeri,
(Ctenospondylus.spp, Sphenacodon.spp, Dimetrodon.milleri, Dimetrodon.limbatus))),
(Tetraceratops.insignis, (Raranimus.dashankouensis, (((Biarmosuchus.tener,
(Hipposaurus.boonstrai, (Herpetoskylax.hopsoni, (Lycaenodon.longiceps,
(Ictidorhinus.martinsi, (Lophorhinus.willodensis, Lobalopex.mordax, Lemurosaurus.pricei,
((Paraburnetia.sneeubergensis, Proburnetia.viatkensis), (Niuksenitia.sikbonensis,
Pachydectes.elsi, Bullacephalus.jacksoni, Burnetia.mirabilis)))))))), (Aloposaurus.spp,
(Cyonosaurus.spp, (Aelurosaurus.spp, (Sauroctonus.spp, (Scylacognathus.spp,
(Gorgonops.torvus, (Galesuchus.gracilis, (Njalila.spp, (Lycaenops.spp, (Arctognathus.spp,
(Inostrancevia.spp, (Aelurognathus.spp, ((Sycosaurus.spp, Clelandina.spp),
Rubidgea.spp)))))NIN)))), (((Estemmenosuchus.mirabilis, Ulemosaurus.svijagensis,
Tapinocaninus.pamelae, Estemmenosuchus.uralensis, Jonkeria.truculenta,
Styracocephalus.platyrhynchus), (Archaeosyodon.praeventor, Microsyodon.orlovi,
(Sinophoneus.yumenensis, (Titanophoneus.adamanteus, (Anteosaurus.magnificus,
Titanophoneus.potens)), (Pampaphoneus.biccai, (Notosyodon.gusevi,
(Australosyodon.nyaphuli, Syodon.biarmicum)))))), ((Lycosuchus.vanderrieti,
((Pristerognathus.polyodon, Ictidosaurus.angusticeps, Glanosuchus.macrops),
(((Moschorhinus.kitchingi, Cerdops.burgheri), (Olivierosuchus.parringtoni,
Promoschorhynchus.platyrhinus), (Bauria.cynops, Ericiolacerta.parva,
Scaloposaurus.constrictus, Regisaurus.jacobi, Ichtidosuchoides.longiceps,
Ictidosuchops.rubidgei, Ictidosuchus.primaevus, (Lycideops.longiceps,
(Choerosaurus.dejageri, (Tetracynodon.darti, Tetracynodon.tenuis))))),
((Viatkosuchus.sumini, (Theriognathus.microps, Moschowhaitsia.vjuschkovi)),
(Bolotridon.frerensis, Cynosaurus.longiceps, Charassognathus.gracilis,
Procynosuchus.delaharpeae, Dvinia.prima, (Progalesaurus.lootbergensis,
Galesaurus.planiceps), ((Nanictosaurus.rubidgei, Thrinaxodon.spp), (Platycraniellus.elegans,
((Cynognathus.spp, (Diademodon.tetragonus, ((Trirachodon.spp, (Langbergia.modisei,
Cricodon.metabolus)), ((Pascualgnathus.polanskii, Andescynodon.mendozensis),
(Scalenodon.angustifrons, Luangwa.spp, Scalenodon.hirschsoni, Dadadon.isaloi,
Santacruzodon.hopsoni, Massetognathus.spp, (Nanogomphodon.wildi,
Arctotraversodon.plemmyridon, Boreogomphodon.jeffersoni),



(Gomphodontosuchus.brasiliensis, (Scalenodontoides.macrodontes, Menadon.besairiei,
Exaeretodon.spp))))))), (Lumkuia.fuzzi, (Trucidocynodon.riograndensis, Ecteninion.lunensis),
((Probelesodon.spp, (Aleodon.brachyrhamphus, Chiniquodon.spp)),
(Probainognathus.jenseni, ((Kayentatherium.wellesi, Oligokyphus.spp),
(Therioherpeton.carnegini, Prozostrodon.brasiliensis, Brasilodon.quadrangularis,
Brasilitherium.riograndensis, (Riograndia.guaibensis, (Chaliminia.musteloides,
Elliotherium.kersteni, (Irajatherium.hernandezi, OTHER. TRITHELODONTIDAE))),
(Sinoconodon.rigneyi, (Adelobasileus.cromptoni, (Megazostrodon.rudnerae,
((Kuehneotherium.praecursoris, Dinnetherium.nezorum), (Morganucodon.watsoni,
OTHER.MAMMALIA)MMNNIN)))), (Biseridens.qilianicus, ((Anomocephalus.africanus,
Tiarajudens.eccentricus), (Patranomodon.nyaphulii, ((Galepus.jouberti, Galechirus.scholtzi),
(Otsheria.netzvetajevi, (Ulemica.spp, Suminia.getmanovi)), (Galeops.whaitsi,
(Eodicynodon.oelofseni, (Eodicynodon.oosthuizeni, (Colobodectes.cluveri,
((Eosimops.newtoni, Robertia.broomiana, Diictodon.feliceps, Prosictodon.dubei),
((Pristerodon.mackayi, (Lanthanostegus.mohoii, (Endothiodon.spp,
Chelydontops.altidentalis))), (((Emydops.oweni, Emydops.arctatus), ((Dicynodontoides.spp,
(Kombuisia.antarctica, Kombuisia.frerensis)), (Myosaurus.gracilis,
(Cistecephalus.microrhinus, (Kawingasaurus.fossilis, Cistecephaloides.boonstrai))))),
((Keyseria.benjamini, (Dagingshanodon.limbus, ((Rhachiocephalus.magnus,
Kitchinganomodon.crasus), ((Oudenodon.bainii, (Australobarbarus.spp,
Tropidostoma.microtrema)), (Odontocyclops.whaitsi, Idelesaurus.tataricus,
(Aulacephalodon.bainii, (Geikia.elginensis, Geikia.locusticeps))))))), ((Elph.borealis,
Interpresosaurus.blomi), (Katumbia.parringtoni, (Gorgonia.traquairi, (Delectosaurus.arefjevi,
((Dicynodon.huenei, Dicynodon.lacerticeps), ((Vivaxosaurus.trautscholdi,
(Daptocephalus.leoniceps, (Dinanomodon.gilli, Peramodon.amalitzkii))),
((Dimusaria.sinkianensis, (Syops.vanhoepeni, ((Euptychognathus.bathyrhynchus,
(Basilodon.woodwardi, Sintocephalus.alticeps)), ((Lystrosaurus.platyceps,
Lystrosaurus.georgi, Lystrosaurus.curvatus), (Kwazulusaurus.shakai, (Lystrosaurus.broomi,
Lystrosaurus.hedini, (Lystrosaurus.shuchanggouensis, Lystrosaurus.robustus)),
(Lystrosaurus.oviceps, (Lystrosaurus.maccaigi, Lystrosaurus.declivis,
Lystrosaurus.murrayi))))))), (Turfanodon.bogdaensis, Dinanomodon.rubidgei,
((Vinceria.argentinensis, (Rhinodicynodon.gracile, Tetragonias.njalilus, Shansiodon.spp)),
((Rabidosaurus.cristatus, (Kannemeyeria.lophorhina, Kannemeyeria.simocephala)),
(Wadiasaurus.indicus, (((Moghreberia.nmachouensis, Placerias.spp),
(Angonisaurus.cruickshanki, Ischigualastia.jenseni, Jachaleria.spp, Stahleckeria.potens)),
((Sangusaurus.edentatus, Rhadiodromus.klimovi), ((Dinodontosaurus.pedroanum,
(Rechnisaurus.cristarhynchus, Dolichuranus.spp)), ((Sinokannemeyeria.pearsoni,
(Sinokannemeyeria.sanchuanheensi, Sinokannemeyeria.yingchiaoensis)),
(Parakannemeyeria.ningwuensis, (Parakannemeryeria.youngi,
(Parakannemeyeria.shenmuensis,
Parakannemeyeria.dolichocephala)))))))))))))))MN))MMNMNNMINN)). (MESOSAURIDAE,
(((Eunotosaurus.africanus, Milleretta.rubidgei), (Broomia.perplexa, (Millerosaurus.nuffieldi,
(Millerosaurus.ornatus, Milleropsis.pricei)))), (Microleter.mckinzieorum,
(Australothyris.smithae, ((Feeserpeton.oklahomensis, (Lanthanosuchus.watsoni,
(Colobomycter.pholeter, Acleistorhinus.pteroticus))), ((Eudibamus.cursoris,
((Bolosaurus.grandis, Bolosaurus.striatus), (Belebey.chengi, Belebey.vegrandis,
Belebey.maximi))), ((Nyctiphruretus.spp, ((Tokosaurus.perforatus, Macroleter.poezicus),
(Bashkyroleter.mesensis, Bashkyroleter.bashkyricus, Nycteroleter.spp, Emeroleter.levis,
Rhipaeosaurus.spp))), ((Bradysaurus.seeleyi, (Bradysaurus.baini, Nochelesaurus.schwarzi,
(Embrithosaurus.schwarzi, (Deltavjatia.mesensis, ((Provelosaurus.americanus,
(Pumiliopareia.pricei, Anthodon.serrarius)), ((Shansisaurus.xuecunensis,



(Shihtienfenia.permica, (Pareiasuchus.peringueyi, Pareiasuchus.nasicornis))),
(Pareiasaurus.serridens, (Pareiasaurus.geinitzi, ((Sanchuansaurus, Scutosaurus.kapinskii),
(Elginia.mriabilis, Arganaceras.vacanti)))))))))), ((Owenetta.rubidgei,
Saurodectes.rogersorum, Barasaurus.besairiei, (Candelaria.barbouri,
Owenetta.kitchingorum)), (Coletta.seca, ((Kitchingnathus.utabeni, Sauropareion.anoplus),
(Pintosaurus.magnidentes, (Phaanthosaurus.simus, ((Theledectes.perforatus,
Eumetabolodan.dongshengensis), (Tichvinskia.vjatkensis, ((Timanophon.raridentatus,
Anomoiodon.liliensterni, Thelophon.contritus, Kapes.spp), (Eumetabolodan.bathycephalus,
(Teratophon.sprinigensis, Procolophon.trigoniceps, Thelerpeton.opressus)),
(Pentaedrusaurus.ordosianus, (Phonodus.dutoitorum, Neoprocolophon.asiaticus,
((Scoloparia.glyphanodon, Sclerosaurus.armatus), (Leptopleuron.lacertinum,
(Soturnia.caliodon, Hypsognathus.fenneri)))))))))))))))))))), (Coelostegus.prothales,
((Thuringothyris.mahlendorffae, (Concordia.cunninghami, ((Romeria.prima,
Romeria.texana), (Protocaptorhinus.pricei, (Reiszorhinus.olson, (Rhiodenticulatus.heatoni,
(Saurorictus.australis, ((Captorhinus.laticeps, (Captorhinus.aguti, Captorhinus.magnus)),
(Captorhinikos.spp, (Labidosaurus.hamatus, (Labidosaurikos.meachami,
(Moradisaurus.grandis, (Gansurhinus.gingtoushanensis, Rothianiscus.spp)))))))))).
(Brouffia.orientalis, (Paleothyris.acadiana, ((Spinoaequalis.schultzei,
(Petrolacosaurus.kansensis, Araeoscelis.spp)), (Claudiosaurus.germaini, Coelurosauravus.spp,
Longisquama.insignis, ((Acerosodontosaurus.piveteaui, (Tangasaurus.mennelli,
Youngina.capensis)), (Lanthanolania.ivakhnenkoi, ((Palaeagama.vielhaueri,
Saurosternon.baini), (CHORISTODERA, (Paliguana.whitei, (Kuehneosaurus.latus,
Pamelina.polonica), (Marmoretta.oxoniensis, (Sophineta.cracoviensis, (SQUAMATA,
(Gephyrosaurus.bridensis, (Diphydontosaurus.avonis, (Planocephalosaurus.robinsonae,
(Rebbanasaurus.jaini, ((Godavarisaurus.lateefi, Sphenocondor.gracilis),
((Brachyrhinodon.taylori, ((Clevosaurus.petilius, Clevosaurus.hudsoni),
OTHER.CLEVOSAURUS)), OTHER.RHYNCHOCEPHALIA))N)),
(Odontochelys.semitestacea, (Proganochelys.quenstedti, (Palaeochersis.talampayensis,
Australochelys.africanus, (OTHER.CHELONIA, (MEGAPLEURODIRA,
Proterochersis.robusta))))), ((Eusaurosphargis.dalsassoi, Helveticosaurus.zollingeri),
((Paraplacodus.broilii, (Placodus.spp, ((Henodus.chelyops, (Cyamodus.kuhnschnyderi,
Cyamodus.rostratus)), (Macroplacus.raeticus, (Protenodontosaurus.italicus,
(Psephoderma.alpinum, Placochelys.placodonta)))))), (((Serpianosaurus.mirigiolensis,
Neusticosaurus.pusillus, (Anarosaurus.spp, (Keichousaurus.spp, Dactylosaurus.gracilis))),
(Simosaurus.gaillardoti, (Germanosaurus.schafferi, (Nothosaurus.mirabilis,
((Lariosaurus.balsami, Lariosaurus.curionii), (Lariosaurus.buzzi, (Lariosaurus.valceresii,
(Lariosaurus.calcagnii, Lariosaurus.xingyiensis)))))))), (Cymatosaurus.spp,
Corosaurus.alcovensis, (Yunguisaurus.liae, (Pistosaurus.longaevus,
(Bobosaurus.forojuliensis, (Augustasaurus.hangdorni, ((Plesiopterys.wildi,
Thalassiodracon.hawkinsi, PLESIOSAUROIDEA), RHOMALEOSAURIDAE)))))))),
(((Endennesaurus.acutirostris, ((Anshunsaurus.wushaensis, Anshunsaurus.huangguoshuensis),
(Miodentosaurus.brevis, Askeptosaurus.italicus))), ((Nectosaurus.halius, (Xinpusaurus.suni,
Xinpusaurus.baomaolinensis)), (Agkistrognathus.campbelli, (Paralonectes.merriami,
((Thalattosaurus.borealis, Thalattosaurus.alexandrae), (Hescherleria.ruebeli,
Clarazia.schinzi)))))), (Hupehsuchus.nanchangensis, (Utatsusaurus.hataii,
(Xinminosaurus.catactes, Quasianosteosaurus.vikinghoegdai, Parvinatator.wapitiensis,
(Chaohusaurus.geishanensis, Grippia.longirostris), ((Mixosaurus.maotaiensis,
Wimanius.odontopalatus, ((Mixosaurus.panxianensis, (Mixosaurus.kuhnschnyderi,
Mixosaurus.cornalianus)), (Contectopalatus.atavus, (Phalarodon.callawayi,
(Phalarodon.major, Phalarodon.fraasi))))), ((Qianichthyosaurus.zhoui, Toretocnemus.spp),
((Cymbospondylus.buchseri, Phantomosaurus.neubigi, Cymbospondylus.petrinus),



(Besanosaurus.leptorhyncus, (Shastasaurus.spp, (Shonisaurus.popularis,
(Mikadocephalus.gracilirostris, (Callawayia.spp, (Californosaurus.perrini,
(Macgowania.janiceps, (Hudsonelpidia.brevirostris, (Temnodontosaurus.platyodon,
(Temnodontosaurus.burgundiae, (Suevoleviathan.disinteger, (Platypterygius.spp,
((Leptonectes.spp, OTHER.LEPTONECTIDAE), (Ichthyosaurus.spp,
OPTHALMOSAURIADMIMIMIMINII)), ((Prolacertoides.jimusarensis,
Trilophosaurus.buettneri), (Mesosuchus.browni, (Howesia.browni, (Bentonyx.sidensis,
Rhynchosaurus.brodiei, Stenaulorhynchus.stockleyi, Rhynchosaurus.articeps,
(Fodonyx.spenceri, (Isalorhynchus.genovefae, Ammorhynchus.navajoi,
(Teyumbaita.sulcognathus, (Hyperodapedon.huenei, (Hyperodapedon.mariensis,
Hyperodapedon.sanjuanensis, (Hyperodapedon.huxleyi, Hyperodapedon.gordoni))))))))),
(Prolacerta.broomi, (Protorosaurus.speneri, ((Vallesaurus.cenensis, (Hypuronector.limnaios,
(Drepanosaurus.unguicaudatus, (Dolabrosaurus.aquatilis, Megalancosaurus.spp)))),
(Macrocnemus.spp, (Langobardisaurus.spp, (Cosesaurus.aviceps, (Tanystropheus.meridensis,
(Tanytrachelos.ahynis, Tanystropheus.longobardicus))))))), (Archosaurus.rossicus,
Fugusuchus.hejiapensis, Proterosuchus.spp, Sarmatosuchus.otschevi,
(Osmolskina.czatkowicensis, (Koilamasuchus.gonzalezdiazi, ((Shansisuchus.shansisuchus,
(Vjushkovia.triplocostata, Erythrosuchus.africanus)), (Vancleavea.campi,
Euparkeria.capensis, (Tarjadia.ruthae, (Archeopelta.arborensis, Doswellia.spp)),
(Proterochampsa.bonapartei, (Cerritosaurus.binsfeldi, (Tropidosuchus.romeri,
(Chanaresuchus.spp, Gualosuchus.reigi)))), (((Parasuchus.hislopi, ((Mystriosuchus.westphali,
((Redondasaurus.bermani, Redondasaurus.gregorii), (Pseudpopalatus.jablonskiae,
(Pseudopalatus.mccauleyi, (Pseudopalatus.buceros, Pseudopalatus.pristinus))))),
(Paleorhinus.scurriensis, (Paleorhinus.bransoni, (Paleorhinus.sawini, (Angistorhinus.spp,
Brachysuchus.megalodon, (Protome.batalaria, Machaeroprosopus.zunii,
Rutiodon.carolinensis, (Phytosaurus.doughtyi, (Leptosuchus.studeri,
Leptosuchus.crosbiensis), (Pravusuchus.hortus, (Smilosuchus.lithodendrorum,
(Smilosuchus.gregorii, Smilosuchus.adamanensis))))))))))), ((Revueltosaurus.spp,
(Aetosaurus.spp, ((Aetosauroides.scaglia, Stagonolepis.robertsoni), (Stagonolepis.wellesi,
(Coahomasuchus.kahleorum, (Typothorax.spp, Redondasuchus.spp)),
(Neoaetosauroides.engaeus, ((Tecovasuchus.chatterjeei, (Heliocanthus.chamaensis,
Paratypothorax.andressorum)), (Longosuchus.meadei, (Lucasuchus.hunti,
(Acaenasuchus.geoffroyi, (Desmatosuchus.smalli, Desmatosuchus.haplocerus))))))))),
(Ticinosuchus.ferox, (Riojasuchus.tenuisceps, Ornithosuchuslongidens),
(Gracilisuchus.stipanicicorum, (Erpetosuchus.granti, (Dromichosuchus.grallator,
Hesperosuchus.agilis, (Terrestrisuchus.gracilis, SPHENOSUCHIDAE,
OTHER.CROCODYLIMORPHA)))), (Stagonosuchus.nyassicus,
(Decuriasuchus.quartacolonia, Fasolasuchus.tenax, Saurosuchus.galilei,
Prestosuchus.chiniquensis, Batrachotomus.kupferzellensis, (Postosuchus.alisonae,
Tikisuchus.romeri, Polonosuchus.silesiacus, Teratosaurus.suevicus, Rauisuchus.tiradentes,
Postosuchus.kirkpatricki))), (Diandongosuchus.fuyuanensis, (Qianosuchus.mixtus,
(Lotosaurus.adentus, Poposaurus.gracilis, (Sillosuchus.longicervix, (Effigia.okeeffeae,
Shuvosaurus.inexpectatus)), (Xilousuchus.sapingensis, Bromsgroveia.walkeri,
Ctenosauriscus.koeneni, Hypselorhachis.mirabilis, Arizonasaurus.babbitti))))))),
((ANUROGNATHIDAE, (Sordes.pilosus, (Scaphognathus.crassirostris,
Dorygnathus.bathensis, (Dimorphodon.macronyx, OTHER.BREVIQUARTOSSA,
(Campylognathoides.liasicus, (Carniadactylus.rosenfeldi, Peteinosaurus.zambelli),
(Austriadactylus.cristatus, Eudimorphodon.ranzii)))))), (Scleromochlus.taylori,
((Lagerpeton.chanarenis, (Dromomeron.gregorii, Dromomeron.romeri)),
(Marasuchus.lilloensis, (Pseudolagosuchus.major, ((Lewisuchus.admixtus,
(Asilisaurus.kongwe, (Eucoelophysis.baldwini, (Sacisaurus.agudoensis,



Silesaurus.opolensis)))), ((Pisanosaurus.mertii, GENASAURIA), ((Eoraptor.lunensis,
(Chindesaurus.bryansmalli, (Staurikosaurus.pricei, Herrerasaurus.ischigualastensis)),
(Eodromaeus.murphi, (Cryolophosaurus.ellioti, Tawa.hallae, COELUROSAURIA,
CERATOSAURIA, Dilophosaurus.wetherilli, (Zupaysaurus.rougieri,
Liliensternus.liliensterni, (Megapnosaurus.kayentakatae, (Coelophysis.bauri,
Coelophysis.rhodesiensis)))))), (Panphagia.protos, Guaibasaurus.candelariensis,
Agnosphitys.cromhallensis, (Chromogisaurus.novasi, Saturnalia.tupiniquim),
((Thecodontosaurus.antiquus, Pantydraco.caducus), (Efraasia.minor,
Plateosauruavus.cullingworthi, Ruehleia.bedheimensis, (((Riojasaurus.incertus,
Eucnemesaurus.fortis), ((Coloradisaurus.brevis, Massospondylus.spp,
LUFENGOSAURINAE), (Unaysaurus.tolentinoi, (Plateosaurus.gracilis, (Plateosaurus.ingens,
Plateosaurus.engelhardti))))), (Anchisaurus.polyzelus, (Euskelosaurus.browni,
(Melanorosaurus.spp, (Antetonitrus.ingenipes, Isanosaurus.attavipachi,
Kotasaurus.yamanpalliensis, Blikanasaurus.cromptoni,

GRAVISAURIA)NNMIMMIMIININ)):

end;



Supplementary Data 4

Supertree expanded by the replacement of higher taxa with their constituent species, in nexus
format

#NEXUS

begin trees;

tree treel = [&r] ((Limnoscelis.paludis, (Tseajaia.campi, (Ambedus.pusillus,
(Oradectes.sanmiguelensis, (Orobates.pabsti, (Sepeliodon.hesperis, (Silvadectes.absitus,
(Diadectes.tenuitectes, Diasparactus.zenos, Diadectes.sideropelicus)))))))),
(((Archaeothyris.florensis, (Varanosaurus.acutirostris, (Stereophallodon.ciscoensis,
Ophiacodon.mirus))), ((Oedaleops.campi, Eothyris.parkeyi), (Oromycter.dolesorum,
(Casea.broilii, (Trichasaurus.texensis, (Euromycter.rutenus, (Ennatosaurus.tecton,
(Angelosaurus.dolani, Angelosaurus.romeri, Cotylorhynchus.romeri,
(Cotylorhynchus.bransoni, Cotylrohynchus.hancocki)))))))), (Archaeovenator.hamiltonensis,
(Pyozia.mesenensis, Apsisaurus.witteri, ((Mycterosaurus.longiceps, Heleosaurus.scholtzi,
Mesenosaurus.romeri), (Elliotsmithia.longiceps, ((Ruthiromia.elcobriensis,
(Aerosaurus.greenleeorum, Aerosaurus.wellesi)), (Varanops.brevirostris, (Varanodon.agilis,
Watongia.meiri))))))), ((lanthasaurus.hardestii, (Glaucosaurus.megalops, Lupeosaurus.kayi,
(Edaphosaurus.novomexicanus, (Edaphosaurus.colohistion, (Edaphosaurus.boanerges,
(Edaphosaurus.pogonias, Edaphosaurus.cruciger)))))), (Haptodus.garnettensis,
(Palaeohatteria.longicaudata, (lanthodon.schultzei, (Pantelosaurus.saxonicus,
(Cutleria.wilmarthi, ((Secodontosaurus.obtusidens, (Cryptovenator.hirschbergeri,
((Ctenospondylus.casei, Ctenospondylus.ninevehensis), (Sphenacodon.ferox,
Sphenacodon.ferocior), Dimetrodon.milleri, Dimetrodon.limbatus))), (Tetraceratops.insignis,
(Raranimus.dashankouensis, (((Biarmosuchus.tener, (Hipposaurus.boonstrai,
(Herpetoskylax.hopsoni, (Lycaenodon.longiceps, (lctidorhinus.martinsi,
(Lophorhinus.willodensis, Lobalopex.mordax, Lemurosaurus.pricei,
((Paraburnetia.sneeubergensis, Proburnetia.viatkensis), (Niuksenitia.sikbonensis,
Pachydectes.elsi, Bullacephalus.jacksoni, Burnetia.mirabilis)))))))), (Aloposaurus.tenuis,
(Cyonosaurus.longiceps, ((Aelurosaurus.felinus, Aelurosaurus.polyodon,
Aelurosaurus.whaitsi, Aelurosaurus.wilmani), ((Sauroctonus.parringtoni,
Sauroctonus.progressus), (Scylacognathus.spp, (Gorgonops.torvus, (Galesuchus.gracilis,
((Njalila.nasuta, Njalila.insigna), ((Lycaenops.ornatus, Lycaenops.angusticeps,
Lycaenops.microdon, Lycaenops.sollasi), (Arctognathus.curvimola, (Inostrancevia.spp,
((Aelurognathus.trigriceps, Aelurognathus.broodiei, Aelurognathus.ferox,
Aelurognathus.alticeps, Aelurognathus.kingwilli, Aelurognathus.maccabei), (Rubidgea.atrox,
(Clelandina.spp, (Sycosaurus.laticeps, Sycosaurus.kingoriensis))))))))))))),
(((Estemmenosuchus.mirabilis, Ulemosaurus.svijagensis, Tapinocaninus.pamelae,
Estemmenosuchus.uralensis, Jonkeria.truculenta, Styracocephalus.platyrhynchus),
(Archaeosyodon.praeventor, Microsyodon.orlovi, (Sinophoneus.yumenensis,
(Titanophoneus.adamanteus, (Anteosaurus.magnificus, Titanophoneus.potens)),
(Pampaphoneus.biccai, (Notosyodon.gusevi, (Australosyodon.nyaphuli,
Syodon.biarmicum)))))), ((Lycosuchus.vanderrieti, ((Pristerognathus.polyodon,
Ictidosaurus.angusticeps, Glanosuchus.macrops), (((Moschorhinus.kitchingi,
Cerdops.burgheri), (Olivierosuchus.parringtoni, Promoschorhynchus.platyrhinus),
(Bauria.cynops, Ericiolacerta.parva, Scaloposaurus.constrictus, Regisaurus.jacobi,
Ichtidosuchoides.longiceps, Ictidosuchops.rubidgei, Ictidosuchus.primaevus,
(Lycideops.longiceps, (Choerosaurus.dejageri, (Tetracynodon.darti, Tetracynodon.tenuis))))),
((Viatkosuchus.sumini, (Theriognathus.microps, Moschowhaitsia.vjuschkovi)),
(Bolotridon.frerensis, Cynosaurus.longiceps, Charassognathus.gracilis,



Procynosuchus.delaharpeae, Dvinia.prima, (Progalesaurus.lootbergensis,
Galesaurus.planiceps), ((Nanictosaurus.rubidgei, Thrinaxodon.liorhinus),
(Platycraniellus.elegans, ((Cynognathus.spp, (Diademodon.tetragonus, ((Trirachodon.spp,
(Langbergia.modisei, Cricodon.metabolus)), ((Pascualgnathus.polanskii,
Andescynodon.mendozensis), (Scalenodon.angustifrons, (Luangwa.drysdalli,
Luangwa.sudamericana), Scalenodon.hirschsoni, Dadadon.isaloi, Santacruzodon.hopsoni,
(Massetognathus.ochagaviae, Massetognathus.pascuali), (Nanogomphodon.wildi,
Arctotraversodon.plemmyridon, Boreogomphodon.jeffersoni),
(Gomphodontosuchus.brasiliensis, (Scalenodontoides.macrodontes, Menadon.besairiei,
(Exaeretodon.frenguellii, Exaeretodon.argentinus, Exaeretodon.riograndensis)))))))),
(Lumkuia.fuzzi, (Trucidocynodon.riograndensis, Ecteninion.lunensis),
(((Probelesodon.lewisi, Probelesodon.sanjuanensis), (Aleodon.brachyrhamphus,
Chiniquodon.spp)), (Probainognathus.jenseni, ((Kayentatherium.wellesi,
(Oligokyphus.triserialis, Oligokyphus.major, Oligokyphus.lufengensis)),
(Therioherpeton.carnegini, Prozostrodon.brasiliensis, Brasilodon.quadrangularis,
Brasilitherium.riograndensis, (Riograndia.guaibensis, (Chaliminia.musteloides,
Elliotherium.kersteni, (Irajatherium.hernandezi, OTHER. TRITHELODONTIDAE))),
(Sinoconodon.rigneyi, (Adelobasileus.cromptoni, (Megazostrodon.rudnerae,
((Kuehneotherium.praecursoris, Dinnetherium.nezorum), (Morganucodon.watsoni,
OTHER.MAMMALIAIIMIN)))), (Biseridens.qilianicus, ((Anomocephalus.africanus,
Tiarajudens.eccentricus), (Patranomodon.nyaphulii, ((Galepus.jouberti, Galechirus.scholtzi),
(Otsheria.netzvetajevi, ((Ulemica.invisa, Ulemica.efremovi), Suminia.getmanovi)),
(Galeops.whaitsi, (Eodicynodon.oelofseni, (Eodicynodon.oosthuizeni, (Colobodectes.cluveri,
((Eosimops.newtoni, Robertia.broomiana, Diictodon.feliceps, Prosictodon.dubei),
((Pristerodon.mackayi, (Lanthanostegus.mohoii, (Endothiodon.spp,
Chelydontops.altidentalis))), (((Emydops.oweni, Emydops.arctatus), ((Dicynodontoides.spp,
(Kombuisia.antarctica, Kombuisia.frerensis)), (Myosaurus.gracilis,
(Cistecephalus.microrhinus, (Kawingasaurus.fossilis, Cistecephaloides.boonstrai))))),
((Keyseria.benjamini, (Dagingshanodon.limbus, ((Rhachiocephalus.magnus,
Kitchinganomodon.crasus), ((Oudenodon.bainii, ((Australobarbarus.kotelnitschi,
Australobarbarus.platycephalus), Tropidostoma.microtrema)), (Odontocyclops.whaitsi,
Idelesaurus.tataricus, (Aulacephalodon.bainii, (Geikia.elginensis, Geikia.locusticeps))))))),
((Elph.borealis, Interpresosaurus.blomi), (Katumbia.parringtoni, (Gorgonia.traquairi,
(Delectosaurus.arefjevi, ((Dicynodon.huenei, Dicynodon.lacerticeps),
((Vivaxosaurus.trautscholdi, (Daptocephalus.leoniceps, (Dinanomodon.gilli,
Peramodon.amalitzkii))), ((Jimusaria.sinkianensis, (Syops.vanhoepeni,
((Euptychognathus.bathyrhynchus, (Basilodon.woodwardi, Sintocephalus.alticeps)),
((Lystrosaurus.platyceps, Lystrosaurus.georgi, Lystrosaurus.curvatus),
(Kwazulusaurus.shakai, (Lystrosaurus.broomi, Lystrosaurus.hedini,
(Lystrosaurus.shuchanggouensis, Lystrosaurus.robustus)), (Lystrosaurus.oviceps,
(Lystrosaurus.maccaigi, Lystrosaurus.declivis, Lystrosaurus.murrayi))))))),
(Turfanodon.bogdaensis, Dinanomodon.rubidgei, ((Vinceria.argentinensis,
(Rhinodicynodon.gracile, Tetragonias.njalilus, Shansiodon.spp)), ((Rabidosaurus.cristatus,
(Kannemeyeria.lophorhina, Kannemeyeria.simocephala)), (Wadiasaurus.indicus,
(((Moghreberia.nmachouensis, (Placerias.gigas, Placerias.hesternus)),
(Angonisaurus.cruickshanki, Ischigualastia.jenseni, Jachaleria.spp, Stahleckeria.potens)),
((Sangusaurus.edentatus, Rhadiodromus.klimovi), ((Dinodontosaurus.pedroanum,
(Rechnisaurus.cristarhynchus, Dolichuranus.spp)), ((Sinokannemeyeria.pearsoni,
(Sinokannemeyeria.sanchuanheensi, Sinokannemeyeria.yingchiaoensis)),
(Parakannemeyeria.ningwuensis, (Parakannemeryeria.youngi,
(Parakannemeyeria.shenmuensis,



Parakannemeyeria.dolichocephala))))))))))))))M)MMNMN)MMNN))).

(((Brazilosaurus.sanpauloensis, Stereosternum.temidum, Mesosaurus.pleurogaster),
(((Eunotosaurus.africanus, Milleretta.rubidgei), (Broomia.perplexa, (Millerosaurus.nuffieldi,
(Millerosaurus.ornatus, Milleropsis.pricei)))), (Microleter.mckinzieorum,
(Australothyris.smithae, ((Feeserpeton.oklahomensis, (Lanthanosuchus.watsoni,
(Colobomycter.pholeter, Acleistorhinus.pteroticus))), ((Eudibamus.cursoris,
((Bolosaurus.grandis, Bolosaurus.striatus), (Belebey.chengi, Belebey.vegrandis,
Belebey.maximi))), (((Nyctiphruretus.acudens, Nyctiphruretus.optabilis),
((Tokosaurus.perforatus, Macroleter.poezicus), (Bashkyroleter.mesensis,
Bashkyroleter.bashkyricus, Nycteroleter.spp, Emeroleter.levis, Rhipaeosaurus.spp))),
((Bradysaurus.seeleyi, (Bradysaurus.baini, Nochelesaurus.schwarzi,
(Embrithosaurus.schwarzi, (Deltavjatia.mesensis, ((Provelosaurus.americanus,
(Pumiliopareia.pricei, Anthodon.serrarius)), ((Shansisaurus.xuecunensis,
(Shihtienfenia.permica, (Pareiasuchus.peringueyi, Pareiasuchus.nasicornis))),
(Pareiasaurus.serridens, (Pareiasaurus.geinitzi, ((Sanchuansaurus, Scutosaurus.kapinskii),
(Elginia.mriabilis, Arganaceras.vacanti)))))))))), ((Owenetta.rubidgei,
Saurodectes.rogersorum, Barasaurus.besairiei, (Candelaria.barbouri,
Owenetta.kitchingorum)), (Coletta.seca, ((Kitchingnathus.utabeni, Sauropareion.anoplus),
(Pintosaurus.magnidentes, (Phaanthosaurus.simus, ((Theledectes.perforatus,
Eumetabolodan.dongshengensis), (Tichvinskia.vjatkensis, ((Timanophon.raridentatus,
Anomoiodon.liliensterni, Thelophon.contritus, (Kapes.amaenus, Kapes.komiensis,
Kapes.majmesculae, Kapes.bentoni)), (Eumetabolodan.bathycephalus,
(Teratophon.sprinigensis, Procolophon.trigoniceps, Thelerpeton.opressus)),
(Pentaedrusaurus.ordosianus, (Phonodus.dutoitorum, Neoprocolophon.asiaticus,
((Scoloparia.glyphanodon, Sclerosaurus.armatus), (Leptopleuron.lacertinum,
(Soturnia.caliodon, Hypsognathus.fenneri)))))))))))))))))))), (Coelostegus.prothales,
((Thuringothyris.mahlendorffae, (Concordia.cunninghami, ((Romeria.prima,
Romeria.texana), (Protocaptorhinus.pricei, (Reiszorhinus.olson, (Rhiodenticulatus.heatoni,
(Saurorictus.australis, ((Captorhinus.laticeps, (Captorhinus.aguti, Captorhinus.magnus)),
(Captorhinikos.spp, (Labidosaurus.hamatus, (Labidosaurikos.meachami,
(Moradisaurus.grandis, (Gansurhinus.gingtoushanensis, Rothianiscus.spp))))))))).
(Brouffia.orientalis, (Paleothyris.acadiana, ((Spinoaequalis.schultzei,
(Petrolacosaurus.kansensis, Araeoscelis.spp)), (Claudiosaurus.germaini, Coelurosauravus.spp,
Longisquama.insignis, ((Acerosodontosaurus.piveteaui, (Tangasaurus.mennelli,
Youngina.capensis)), (Lanthanolania.ivakhnenkoi, ((Palaeagama.vielhaueri,
Saurosternon.baini), (CHORISTODERA, (Paliguana.whitei, (Kuehneosaurus.latus,
Pamelina.polonica), (Marmoretta.oxoniensis, (Sophineta.cracoviensis, (SQUAMATA,
(Gephyrosaurus.bridensis, (Diphydontosaurus.avonis, (Planocephalosaurus.robinsonae,
(Rebbanasaurus.jaini, ((Godavarisaurus.lateefi, Sphenocondor.gracilis),
((Brachyrhinodon.taylori, ((Clevosaurus.petilius, Clevosaurus.hudsoni),
OTHER.CLEVOSAURUS)), OTHER.RHYNCHOCEPHALIA))N)),
(Odontochelys.semitestacea, (Proganochelys.quenstedti, (Palaeochersis.talampayensis,
Australochelys.africanus, (OTHER.CHELONIA, (MEGAPLEURODIRA,
Proterochersis.robusta))))), ((Eusaurosphargis.dalsassoi, Helveticosaurus.zollingeri),
((Paraplacodus.brailii, ((Placodus.gigas, Placodus.inexpectatus), ((Henodus.chelyops,
(Cyamodus.kuhnschnyderi, Cyamodus.rostratus)), (Macroplacus.raeticus,
(Protenodontosaurus.italicus, (Psephoderma.alpinum, Placochelys.placodonta)))))),
(((Serpianosaurus.mirigiolensis, Neusticosaurus.pusillus, ((Anarosaurus.pumilio,
Anarosaurus.heterodontus), (Keichousaurus.spp, Dactylosaurus.gracilis))),
(Simosaurus.gaillardoti, (Germanosaurus.schafferi, (Nothosaurus.mirabilis,
((Lariosaurus.balsami, Lariosaurus.curionii), (Lariosaurus.buzzi, (Lariosaurus.valceresii,



(Lariosaurus.calcagnii, Lariosaurus.xingyiensis)))))))), ((Cymatosaurus.fridericianus,
Cymatosaurus.minor, Cymatosaurus.erikae), Corosaurus.alcovensis, (Yunguisaurus.liae,
(Pistosaurus.longaevus, (Bobosaurus.forojuliensis, (Augustasaurus.hangdorni,
((Plesiopterys.wildi, Thalassiodracon.hawkinsi, PLESIOSAUROIDEA),
RHOMALEOSAURIDAE))))))))), (((Endennesaurus.acutirostris,
((Anshunsaurus.wushaensis, Anshunsaurus.huangguoshuensis), (Miodentosaurus.brevis,
Askeptosaurus.italicus))), ((Nectosaurus.halius, (Xinpusaurus.suni,
Xinpusaurus.baomaolinensis)), (Agkistrognathus.campbelli, (Paralonectes.merriami,
((Thalattosaurus.borealis, Thalattosaurus.alexandrae), (Hescherleria.ruebeli,
Clarazia.schinzi)))))), (Hupehsuchus.nanchangensis, (Utatsusaurus.hataii,
(Xinminosaurus.catactes, Quasianosteosaurus.vikinghoegdai, Parvinatator.wapitiensis,
(Chaohusaurus.geishanensis, Grippia.longirostris), ((Mixosaurus.maotaiensis,
Wimanius.odontopalatus, ((Mixosaurus.panxianensis, (Mixosaurus.kuhnschnyderi,
Mixosaurus.cornalianus)), (Contectopalatus.atavus, (Phalarodon.callawayi,
(Phalarodon.major, Phalarodon.fraasi))))), ((Qianichthyosaurus.zhoui, (Toretocnemus.zitelli,
Toretocnemus.californicus)), ((Cymbospondylus.buchseri, Phantomosaurus.neubigi,
Cymbospondylus.petrinus), (Besanosaurus.leptorhyncus, (Shastasaurus.spp,
(Shonisaurus.popularis, (Mikadocephalus.gracilirostris, ((Callawayia.neoscapularis,
Callawayia.altispinus), (Californosaurus.perrini, (Macgowania.janiceps,
(Hudsonelpidia.brevirostris, (Temnodontosaurus.platyodon, (Temnodontosaurus.burgundiae,
(Suevoleviathan.disinteger, ((Platypterygius.platypterygius, Platypterygius.scahicarum,
Platypterygius.hercynicus, Platypterygius.ochevi), (((Leptonectes.moorei, Leptonectes.solei,
Leptonectes.tenuirostris), OTHER.LEPTONECTIDAE), (Ichthyosaurus.spp,
OPTHALMOSAURIADMIMIMIMINMIN))), ((Prolacertoides.jimusarensis,
Trilophosaurus.buettneri), (Mesosuchus.browni, (Howesia.browni, (Bentonyx.sidensis,
Rhynchosaurus.brodiei, Stenaulorhynchus.stockleyi, Rhynchosaurus.articeps,
(Fodonyx.spenceri, (Isalorhynchus.genovefae, Ammorhynchus.navajoi,
(Teyumbaita.sulcognathus, (Hyperodapedon.huenei, (Hyperodapedon.mariensis,
Hyperodapedon.sanjuanensis, (Hyperodapedon.huxleyi, Hyperodapedon.gordoni))))))))),
(Prolacerta.broomi, (Protorosaurus.speneri, ((\Vallesaurus.cenensis, (Hypuronector.limnaios,
(Drepanosaurus.unguicaudatus, (Dolabrosaurus.aquatilis, (Megalancosaurus.preonensis,
Megalancosaurus.endennae))))), ((Macrocnemus.basannii, Macrocnemus.fuyanensis),
((Langobardisaurus.rossii, Langobardisaurus.pandolfii, Langobarisaurus.tonelloi),
(Cosesaurus.aviceps, (Tanystropheus.meridensis, (Tanytrachelos.ahynis,
Tanystropheus.longobardicus))))))), (Archosaurus.rossicus, Fugusuchus.hejiapensis,
Proterosuchus.fergusi, Sarmatosuchus.otschevi, (Osmolskina.czatkowicensis,
(Koilamasuchus.gonzalezdiazi, ((Shansisuchus.shansisuchus, (Vjushkovia.triplocostata,
Erythrosuchus.africanus)), (Vancleavea.campi, Euparkeria.capensis, (Tarjadia.ruthae,
(Archeopelta.arborensis, (Doswellia.kaltenbachi, Doswellia.sixmilensis))),
(Proterochampsa.bonapartei, (Cerritosaurus.binsfeldi, (Tropidosuchus.romeri,
(Chanaresuchus.bonapartei, Gualosuchus.reigi)))), (((Parasuchus.hislopi,
((Mystriosuchus.westphali, ((Redondasaurus.bermani, Redondasaurus.gregorii),
(Pseudpopalatus.jablonskiae, (Pseudopalatus.mccauleyi, (Pseudopalatus.buceros,
Pseudopalatus.pristinus))))), (Paleorhinus.scurriensis, (Paleorhinus.bransoni,
(Paleorhinus.sawini, (Angistorhinus.spp, Brachysuchus.megalodon, (Protome.batalaria,
Machaeroprosopus.zunii, Rutiodon.carolinensis, (Phytosaurus.doughtyi, (Leptosuchus.studeri,
Leptosuchus.crosbiensis), (Pravusuchus.hortus, (Smilosuchus.lithodendrorum,
(Smilosuchus.gregorii, Smilosuchus.adamanensis))))))))))), (((Revueltosaurus.hunti,
Revueltosaurus.callenderi, Revueltosaurus.olseni), ((Aetosaurus.arcuatus,
Aetosaurus.crassicauda, Aetosaurus.ferratus), ((Aetosauroides.scaglia,
Stagonolepis.robertsoni), (Stagonolepis.wellesi, (Coahomasuchus.kahleorum,



((Typothorax.coccinarum, Typothorax.antiquum), (Redondasuchus.reseri,
Redondasuchus.rineharti))), (Neoaetosauroides.engaeus, ((Tecovasuchus.chatterjeei,
(Heliocanthus.chamaensis, Paratypothorax.andressorum)), (Longosuchus.meadei,
(Lucasuchus.hunti, (Acaenasuchus.geoffroyi, (Desmatosuchus.smalli,
Desmatosuchus.haplocerus)))))))))), (Ticinosuchus.ferox, (Riojasuchus.tenuisceps,
Ornithosuchus.longidens), (Gracilisuchus.stipanicicorum, (Erpetosuchus.granti,
(Dromichosuchus.grallator, Hesperosuchus.agilis, (Terrestrisuchus.gracilis,
SPHENOSUCHIDAE, OTHER.CROCODYLIMORPHA)))), (Stagonosuchus.nyassicus,
(Decuriasuchus.quartacolonia, Fasolasuchus.tenax, Saurosuchus.galilei,
Prestosuchus.chiniquensis, Batrachotomus.kupferzellensis, (Postosuchus.alisonae,
Tikisuchus.romeri, Polonosuchus.silesiacus, Teratosaurus.suevicus, Rauisuchus.tiradentes,
Postosuchus.kirkpatricki))), (Diandongosuchus.fuyuanensis, (Qianosuchus.mixtus,
(Lotosaurus.adentus, Poposaurus.gracilis, (Sillosuchus.longicervix, (Effigia.okeeffeae,
Shuvosaurus.inexpectatus)), (Xilousuchus.sapingensis, Bromsgroveia.walkeri,
Ctenosauriscus.koeneni, Hypselorhachis.mirabilis, Arizonasaurus.babbitti))))))),
((ANUROGNATHIDAE, (Sordes.pilosus, (Scaphognathus.crassirostris,
Dorygnathus.bathensis, (Dimorphodon.macronyx, OTHER.BREVIQUARTOSSA,
(Campylognathoides.liasicus, (Carniadactylus.rosenfeldi, Peteinosaurus.zambelli),
(Austriadactylus.cristatus, Eudimorphodon.ranzii)))))), (Scleromochlus.taylori,
((Lagerpeton.chanarenis, (Dromomeron.gregorii, Dromomeron.romeri)),
(Marasuchus.lilloensis, (Pseudolagosuchus.major, ((Lewisuchus.admixtus,
(Asilisaurus.kongwe, (Eucoelophysis.baldwini, (Sacisaurus.agudoensis,
Silesaurus.opolensis)))), ((Pisanosaurus.mertii, GENASAURIA), ((Eoraptor.lunensis,
(Chindesaurus.bryansmalli, (Staurikosaurus.pricei, Herrerasaurus.ischigualastensis)),
(Eodromaeus.murphi, (Cryolophosaurus.ellioti, Tawa.hallae, COELUROSAURIA,
CERATOSAURIA, Dilophosaurus.wetherilli, (Zupaysaurus.rougieri,
Liliensternus.liliensterni, (Megapnosaurus.kayentakatae, (Coelophysis.bauri,
Coelophysis.rhodesiensis)))))), (Panphagia.protos, Guaibasaurus.candelariensis,
Agnosphitys.cromhallensis, (Chromogisaurus.novasi, Saturnalia.tupiniquim),
((Thecodontosaurus.antiquus, Pantydraco.caducus), (Efraasia.minor,
Plateosauruavus.cullingworthi, Ruehleia.bedheimensis, (((Riojasaurus.incertus,
Eucnemesaurus.fortis), ((Coloradisaurus.brevis, (Massospondylus.carinatus,
Massospondylus.kaalae), LUFENGOSAURINAE), (Unaysaurus.tolentinoi,
(Plateosaurus.gracilis, (Plateosaurus.ingens, Plateosaurus.engelhardti))))),
(Anchisaurus.polyzelus, (Euskelosaurus.browni, ((Melanorosaurus.readi,
Melanorosaurus.thabanensis), (Antetonitrus.ingenipes, Isanosaurus.attavipachi,
Kotasaurus.yamanpalliensis, Blikanasaurus.cromptoni,

GRAVISAURIA)NNMIMMMININ)):

end;



Supplementary Data 5

R function for calculating sampling corrected origination rates. Text within “#” represent
notes on what the previous lines do (these do not need to be deleted as they will not be read
by R)

library(paleotree)
ori.rate<-function(tree,ages,time,tc.method)

T R R R R R
#"tree" is the phylogeny, not time calibrated. "Ages" is a matrix of first and last appearences
#of each taxon in the tree. "time" is a matrix of beginning and end dates of each time bin.
#"tc.method" is the time calibration method being used (options as in timePaleoPhy)

HHHH R

{
time.tree<-timePaleoPhy(tree,ages,method=tc.method,add.term=T,inc.term.adj=F)
HHHHHEH ]
#time calibrate the tree
HHHHHHHHH ]

ghost.tree<-timePaleoPhy(tree,ages,method=equal,add.term=T,inc.term.adj=F)
HHHHH
#time calibrate the tree, but do not include termianl ranges of the tip taxa (this is a #phylogeny
only including the ghost lineages)
HHHHHHH B HHH R R

ghosts<- phyloDiv(ghost.tree,int.times=time,plot=F,drop.zIb=T)
HHHHHH
#find number of ghost linneages in each time bin
HHHHHHH R

PDE<- phyloDiv(time.tree,int.times=time,plot=F)
HHHHHHH B HHH R R R
#find total number of linneages (observed and ghost) in each time bin
HHH A

sampling<- ghosts/PDE

HHHHHHHRHHH R

#Calculate sampling estimate
HHHHHHH R

node.dates<-dateNodes(time.tree)

BT

#date origination events
HHTHHHHEHHEHHHE

int.node.dates<-node.dates[length(time.tree$tip.label)+1:length(node.dates)]
HHHHHHHRHA R
# delete tip nodes



T
ori.count<-vector(length=nrow(time),mode="numeric")
HH AR R R
#create empty vector to store number of origination events in each time bin

HHH R R
for(i in 1:lenth(ori.count))

for(j in 1:length(int.node.dates))

{
if(int.node.dates[j]<=time[i,1] && int.node.dates[j]>=time[i,2])
{
ori.count[i]<-ori.count[i]+1
¥
¥

¥
B R R R T

#Count number of origination events in each time bin
HHH

perlin.ori<-ori.count/PDE
HHH R
# per linneage origination rate
HHH R

samp.corr.ori<-perlin.ori[2:length(perlin.ori)]*sampling[1:length(sampling)-1]
HH B
#multiply by sampling probability
HH B

return(samp.corr.ori)



Supplementary Data 6

R function for calculating sampling corrected extinction rates. Text within “#” represent notes
on what the previous lines do (these do not need to be deleted as they will not be read by R)

library(paleotree)
ext.rate<-function(tree,ages,time,tc.method)

HH T R R R R
#"tree" is the phylogeny, not time calibrated. "Ages™ is a matrix of first and last appearences
#of each taxon in the tree. "time" is a matrix of beginning and end dates of each time bin.
#"tc.method" is the time calibration method being used (options as in timePaleoPhy)

HHHHHH R R

{
time.tree<-timePaleoPhy(tree,ages,method=tc.method,add.term=T,inc.term.adj=F)
HH T
#time calibrate the tree
HHHHHHH

ghost.tree<-timePaleoPhy(tree,ages,method=equal,add.term=T,inc.term.adj=F)
HHHH R R R
#time calibrate the tree, but do not include termianl ranges of the tip taxa (this is a #phylogeny
only including the ghost lineages)
HHHHHH

ghosts<- phyloDiv(ghost.tree,int.times=time,plot=F,drop.zIb=T)
HHHHHHH B HHH R R R
#find number of ghost linneages in each time bin
HHHBHHH R R R

PDE<- phyloDiv(time.tree,int.times=time,plot=F)

HHHH R

#find total number of linneages (observed and ghost) in each time bin
HHHHHHH R

sampling<- ghosts/PDE

BT

#Calculate sampling estimate
HHTHHHHEHHEHHEHHTHE

ext.count<-vector(length=nrow(time),mode="numeric")

HHHHHHH R

#create empty vector to store number of origination events in each time bin
HHHHHHH R R

for(i in 1:lenth(ext.count))

{

for(j in 1:nrow(ages))

{



if(ages[j,2]<=time[i,1] && ages[j,2]>=time[i,2])

ext.count[i]<-ext.count[i]+1

}
}
HHEHHHHHHHHHHHHHHHEHEHEHE
#Count number of extinction events in each time bin
HHHEHHEHH

perlin.ext<-ext.count/PDE
HHHHHHH R
# per linneage origination rate
HHHHHHH

samp.corr.ext<-perlin.ext[1:length(perlin.ext)-1]*sampling[2:length(sampling)]
W R
#multiply by sampling probability
W R

return(samp.corr.ori)



