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Supplemental Methods: Simulation-based assessment of time-dependent model of trait evolution as implemented in BAMM.

Simulation design. We evaluated the performance of BAMM across eight scenarios of trait evolution. Each trait evolutionary scenario involved (i) simulating a pure-birth phylogenetic tree, (ii) sampling a set of a parameters for the specified process of phenotypic evolution, (iii) generating a phenotypic dataset under the simulation parameters, and (iv) running BAMM on the simulated dataset. We simulated all trees under a pure birth model (b=0.1) to a total of 250 tips using the GEIGER package in the R programming environment (Harmon et al. 2008; R Core Team 2013).  We scaled all trees to a depth of 100 time units. We performed 100 simulations per phenotypic evolutionary scenario.

For the simplest scenario, we simulated trait evolution under a constant-rate (CR) Brownian motion process of trait evolution. The rate of this process was determined by drawing a value uniformly from the interval (log(1), log(50)) and exponentiating the result.    

Because BAMM explicitly models time-varying rates of trait evolution, we conducted six simulation scenarios where the rate of trait evolution varied continuously through time. The simplest scenario (E0) included just a single time-varying process of trait evolution. We then considered a series of increasingly complex multi-process models (E1 - E5), such that phenotypic evolutionary dynamics on each tree were the outcome of multiple distinct evolutionary rate regimes. For each of these scenarios, we initially sampled a time-varying process of trait evolution for the root of the tree, as for the E0 model. We then added from one (E1) to five (E5) distinct non-root rate regimes to the tree. 
 
For each time-varying scenario, we assumed that rate of phenotypic evolution followed a simple exponential change through time, e.g., 


, 

where 0 is the initial, z determines how quickly that initial rate decays with time, and t is the elapsed time from the start of the process.. We constrained time varying processes such that the final rate declined to no less than one tenth of the initial rate.  Initial rates were determined by drawing from a uniform distribution of the form (log(a), log(b)) and exponentiating the outcome.  The rate decline parameter was chosen by drawing from a uniform distribution over the interval (0, log(0.10)/dt), where dt is the time interval from the beginning of the process until the end of the process at the tips of the tree.  This prevented the rate from declining to less than one-tenth of its initial value.   

For all time-varying scenarios (E0, E1...E5), we first sampled phenotypic evolutionary parameters for the root process. For multi-process scenarios (E1 - E5), we then stochastically mapped one to five non-root time varying processes to different parts of the tree. For model EK, this entailed mapping K distinct processes to the tree (K = {1, 2, 3, 4, 5}).  The initial rate of phenotypic evolution of the root process was constrained to a draw from the interval (log(1), log(2)) and additional process rates were determined by drawing from (log(5), log(50)) to represent rate shifts up to 50-fold higher than the root process.  Rate change parameters for each process were sampled as described above. The location of a single process was determined by uniformly sampling a time slice in the interval (0,100) and by uniformly sampling a branch that crossed this time slice.   

Under the multi-process simulation models described above, the total variance in phenotypic change occurring on a single branch of a phylogenetic tree is given by



where N is the number of distinct processes that occur on a single branch, i,0 is is the intial rate parameter for the i'th process, and Ti,1 and Ti,2 refer to the start and end times of the i'th process on a single branch.
 
Generating trait data. For each tree in a simulation we generated a set of trait values for the tips of the tree that was consistent with the phenotypic evolution regime of that tree.  We multiplied the length of each branch of the tree by its branch specific rate of phenotypic evolution, and with these newly scaled branches we calculated the evolutionary variance-covariance matrix.  A single draw from a multivariate normal distribution parameterized by this variance-covariance matrix and a mean vector of ones constituted the phenotypic data for a simulated tree.  These trait data along with the corresponding tree were analyzed using BAMM.  

BAMM analyses. For each simulated dataset under each scenario, we used BAMM to estimate the number of evolutionary processes and the branch specific rates of phenotypic evolution.  The branch specific rates of phenotypic evolution as calculated by BAMM are identical to the calculation shown above.  For all runs, we used a prior of a single non-root process.  The prior on the initial rate of each process is exponential with a mean of one, and the prior on the rate-change parameter was normal with a mean of 0 and standard deviation of 0.05.  We performed 55,000,000 generations of MCMC sampling using BAMM, sampling evolutionary parameters every 100,000 generations.  We discarded the first 25% of each run as burn-in.
 
Using the posterior distribution of evolutionary rate parameters from BAMM output, we summarized the marginal distributions of phenotypic evolutionary rates along each branch in the test phylogeny. Because we have the true mean evolutionary rates for each branch in the simulation model, a natural measure of BAMM performance follows from comparing the mean of the reconstructed branch-specific marginal densities with the tree means.   

For the constant-rate trait evolution simulations, we assessed the correspondence between the mean BAMM-reconstructed phenotypic evolutionary rates and the true phenotypic rates. This comparison only makes sense for the constant rate simulations, because other simulation scenarios resulted in heterogeneity in rates across branches. We computed the tree-wide rate of phenotypic evolution as the mean of the branch-specific mean rates, weighted by the length of the branch.

For the multi-process and time-varying rate scenarios, we computed four metrics of the relative error associated with the branch-specific rate estimates obtained using BAMM. The first error estimate (PE1) was simply the overall mean proportional error across all branches, or 


where N is the number of branches, ri is the BAMM rate estimate for the i'th branch, and Ri is the true rate on the i'th branch.  We also considered a second metric (PE2), similar to the above, but where the proportional error contribution of each branch is weighted by branch length, or


where bi is the length of the i'th branch, and T is the total tree length (the sum of all branch lengths). 

The proportional error estimators described above (PE1 and PE2) have one particularly undesirable property: they allow branches with very low rates to contribute equally to an overall proportional error estimate. Suppose, for example, that the estimated rate of phenotypic evolution on a particular branch has declined to effectively zero (e.g., 0.00001). Suppose the BAMM estimate of the rate on that branch is 0.01. Although both of these rates might effectively be zero (and lead to virtually identical likelihoods), this single branch would imply a proportional error of 999 on this branch. Even if all other branches with non-zero rates were perfectly estimated, this would suggest a major bias in the rate estimates. In other words, the absolute error in the estimate might be approximately zero (ri - Ri), but because very low-rate branches contribute the same as high-rate branches to PE1 and PE2, one might come away with a misleading impression that rates are biased. 

To address this, we used several additional proportional error estimates that performs the weighting on the log-transformed relative rates. The first metric, PE3, takes the mean error overall branches, or

.
The second metric (PE4) weights the contribution of each branch by branch length, or 

.
We found that PE3 and PE4 had good statistical properties and reduced the sensitivity of analyses to trivial error in rate estimates on low-rate branches. Regardless, all four proportional error metrics are presented in Figure S2. 

To put our proportional error results in context, we also fit a simple constant-rate Brownian motion model of trait evolution to the data. We estimated all four proportional error metrics defined above for this simple model. The estimated rates on each branch under this model are identical, but this comparison provides important context for interpreting the BAMM estimates. Specifically, it enables us to assess whether the proportional error estimates obtained using BAMM are any better than those that we would have obtained using a simple underparameterized (and still widely-used) model of trait evolution.  
 
Finally, we also evaluated the posterior support for different numbers of estimated processes. This was to assess how well BAMM recovered the number of distinct evolutionary regimes in the generating model. We expect the posterior distribution to be concentrated on the true number of processes.



Simulation Results
For the constant-rate model, BAMM estimates of the whole-tree rate of phenotypic evolution were highly correlated with the true rates (Fig. S1). Our analyses of proportional error.The median proportional error in BAMM estimated branch specific rates of phenotypic evolution is centered on 0 for each of the standard Brownian motion regimes (Fig. S2). The relationship between the estimated number of processes and the true number of processes is shown in Fig. S3.  As the true number of processes increases BAMM shows a tendency to underestimate that number.  This probably results from low power to distinguish shifts when the shift occurs close in time to an existing process or when the rate change represented by a shift relative to an existing process is not very large.  In all cases when there are shifts present on the tree, though, BAMM finds decidedly low support for a model where there is just a single root process. 



Figure S1
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Figure S1. Tree-wide estimate of the rate of phenotypic evolution (BAMM) as a function of the true tree-wide rate, under a simple one-process, time-invariant model of phenotypic evolution (e.g., simple Brownian motion, with a single rate parameter). Red line denotes expected isometric relationship. Tree-wide estimates were computed from branch-specific marginal rate distributions as




where bi is the length of the of the i'th branch, T is the total tree length (e.g.,  bi), and ri is the mean of the marginal posterior density estimated for the i'th branch using BAMM. N denotes the total number of branches. Thus, the estimated "whole tree" rate is simply a weighted average of branch-specific mean rates. In this example, higher true rates are understimated slightly on account of the prior used in the analysis: we placed an exponential prior on initial rate (0) parameters. The expected value under the prior was 1.0, substantially lower than the values typically used for simulations. As the true tree-wide rate becomes large, it moves further from this prior. 

 



Figure S2
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Figure S2.  BAMM results summarized with four metrics of proportional error (PE1, PE2, PE3, PE4). Simulation scenarios are denoted by E0 - E5, where E0 is a time-varying process of trait evolution with zero non-root rate regimes, E2 is a model with a time-varying root process and two non-root rate regimes, and so on. For each simulation scenario, two boxes are shown: the left box (dark gray, with lower error) gives the BAMM results, and the right box (white) gives results obtained from a simple constant-rate model of trait evolution. Boxes indicate interquartile range of estimates, and whiskers include values up to 1.5 times the interquartile range. Blue lines within boxes denote medians. The expected value for PE1 and PE2 (top panels) is zero, and the expected value for PE3 and PE4 is 1.0. In each case, proportional error for BAMM estimates was low. BAMM estimates (gray) were vastly better than the simple Brownian motion estimators (white).
 


Figure S3
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Figure S3. Circle sizes depict the posterior support for different numbers of processes as estimated by BAMM.  Large circles are indicative of more support.  The black circles denote the true number of non-root processes.  CT is a simple (time-constant) Brownian motion model, and E0 - E5 are models with varying numbers of time-varying non-root processes (e.g., E5 has a total of 6 time-varying rate regimes: the root process plus five additional non-root processes).

Figure S4.
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Figure S4. Maximum clade credibility for Australian sphenomorphine species, excluding Ctenotus (see Fig. S5) and Lerista (Fig. S6). Pie charts on nodes denote Bayesian posterior probabilities (solid black, posterior probability > 0.99). 


Figure S5.
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Figure S5. Ctenotus portion of MCC phylogenetic tree. 



Figure S6
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Figure S6. Lerista portion of MCC phylogenetic tree.


Figure S7
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Figure S7. Enumeration of distinct shift configurations from BAMM output. (a) Full set of distinct shift configurations sampled using BAMM, but several shift configurations include branches with extremely low (< 0.01) marginal probabilities (b). The realized set of distinct shift configurations (c) ignores all branches with marginal probabilities less than some pre-determined threshold (here, 0.01) during the tabulation of distinct shifts. Hence, shift configurations S1 and S2 are identical. S2 has a shift on branch B, but this is ignored, as the marginal probability of this shift is less than 0.01. Likewise, S3 and S4 have shifts on different branches, but both shifts have very low marginal probabilities and they are thus treated as identical. In (c), nodes with marginal probabilities lower than the threshold (0.01) are displayed in white solely to indicate the fact that they are treated as non-existent for the purposes of counting distinct shift configurations. 

It is desirable to filter distinct shift configurations by marginal probability because of the large number of unique shift configurations that are sampled with BAMM. Many (or even most) of the shift locations present in any given sample from the posterior are "transient": they are simply moves that were proposed during the MCMC simulation which have a very brief "life expectancy" as they do not increase the posterior probability of the model. In the example above, this procedure reduces the complete set of four shift configurations to a set of two "most important" configurations, differing in whether they have a shift on the branch leading to clade A. 


Figure S8
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Figure S8. Ranked frequency spectrum of distinct shift configurations for rates of size evolution, shape evolution, and diversification for the sphenomorphine MCC phylogeny; each point represents a single distinct shift configuration. For the diversification analysis, most of the total probability of the data is explained by just two distinct shift configurations. However, a greater number of distinct shift configurations can explain the rate of shape evolution across the sphenomorphine phylogeny. For body size, the most frequently sampled shift configuration contained no rate shifts. 
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Figure S9. Top 20 most frequently sampled distinct shift configurations for the rate of body shape evolution across sphenomorphines. Text denotes frequency of each configuration. Red circles and blue circles denote accelerations and decelerations in the rate of body shape evolution. Two of the twenty most-frequently sampled configurations did not include a rate shift on the branch leading to Ctenotus (bottom row, 3rd column; and 3rd row, 4th column).




Figure S10 
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Figure S10. Macroevolutionary cohort matrix for body shape evolution. As in Fig. 10, each cell of the 183 x 183 matrix depicts the pairwise probability that two species share a common macroevolutionary rate regime. In contrast to body shape and diversification (Fig. 10), most sphenomorphine lineages can be grouped together as a single macroevolutionary cohort. This follows immediately from results shown in Fig. 5, as a model with just a single evolutionary regime has a high posterior probability. 




Figure S11
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Figure S11. Frequency distributions of the number of distinct evolutionary regimes in the rate of body shape evolution conditional on (a) a shift occurring on the branch leading to the Ctenotus clade (see Fig. 9), or (b) no shift occurring on the branch leading to Ctenotus. Scenarios (a) and (b) occur with probability 0.95 and 0.05, respectively (Fig. 9c). These two scenarios imply very different evolutionary histories of phenotypic evolution. When no shift occurs along the Ctenotus branch, the increase in the number of regimes reflects the fact that increases in the rate of shape evolution must occur in multiple independent lineages (e.g., Lerista) to explain the observed distribution of phenotypes across the tips of the tree. BAMM provides a novel dimension to the interpretation of branch-specific shift probabilities, by facilitating explicit reconstruction of alternative evolutionary scenarios and their relative probabilities.  


Table S1. New sequences collected as part of this study and deposited in GenBank, or sequences that were deposited in Genbank as part of Rabosky et al. (2007) and Rabosky et al. (2011). Abbreviations: ABTC, Australian Biological Tissue Collection, South Australian Museum; AMS, Australian Museum; CU, Cornell University Museum of Vertebrates; DLR, D. Rabosky Field Series; EBU, Evolutionary Biology Unit, South Australian Museum; NTM, Northern Territory Museum; QM Queensland Museum; SAMA, South Australian Museum; WAM, Western Australian Museum.

	Genus
	Species
	id
	voucher
	12S
	ATPB
	CytB
	ND4

	Ctenotus
	agrestis
	AGRESP002
	QMJ64098
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	alacer
	ALACA30300
	NTMR18324
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	alleni
	ALLEW121106
	WAM_R121106
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	allotropis
	ALLOA59698
	AMSR118586
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	angusticeps
	ANGUW104349
	WAM_R104349
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	aniandnae
	ANIASP040
	WAM_R129936
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	aranda
	ARANSP006
	sam_ebuj685
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	arcanus
	ARCASP007
	qmj63024
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	ariadne
	ARIADLR0045
	CU14811
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	arnhemensis
	ARNHA29158
	NTMR20364
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	astarte
	ASTAA09043
	SAMAR42801
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	atlas
	ATLAW126380
	WAM_R126380
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	atlas
	ATLAA95772
	SAMAR57650
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	australis
	AUSTW115142
	WAM_R115142
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	borealis
	BOREA29698
	NTMR22167
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	brooksi
	BROODLR0449
	DLR0449
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	burbidgei
	BURBW105740
	WAMR136872
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	calurus
	CALUDLR0120
	CU14859
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	catenifer
	CATEW117161
	WAM_R117161
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	coggeri
	COGGSP075
	NTMR23150
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	coggeri
	COGGA29190
	NTMR17738
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	colletti
	COLLW146035
	WAM_R146035
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	decaneurus
	DECAW119683
	WAM_R119683
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	decaneurus
	DECAA29234
	NTMR17896
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	delli
	DELLSP078
	W121359
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	dux
	DUXDLR0123
	CU14357
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	ehmanni
	EHMASP018
	EBU-SP018
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	essingtoni
	ESSIA29726
	NTMR22191
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	essingtoni
	ESSIA72811
	SAMAR54405
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	euclae
	EUCLA58330
	SAMAR46072
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	eurydice
	EURYA04001
	SAMAR33722
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	eutaenius
	EUTAA77199
	SAMAR55874
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	fallens
	FALLW131018
	WAM_R131018
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	gagudju
	GAGUSP082
	NTMR20880
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	gemmula
	GEMMW140514
	WAM_R140514
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	grandis
	GRANDLR0249
	CU14305
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	greeri
	GREEDLR0324
	CU14377
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	hanloni
	HANLW158380
	WAM_R158380
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	hebetior
	HEBEA76997
	SAMAR55678
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	helenae
	HELEDLR0049
	CU14600
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	hilli
	HILLA81196
	SAMAR58386
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	iapetus
	IAPEW157205
	WAM_R157205
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	impar
	IMPAW144222
	WAM_R144222
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	ingrami
	INGRA105806
	QMJ78653
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	iridis
	IRIDSP031
	EBU_NP3093
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	joanae
	JOANA72719
	SAMAR54024
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	labillardieri
	LABIW141244
	WAM_R141244
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	lancelini
	LANCA63038
	WAMR121883
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	lateralis
	LATEA72839
	SAMAR54434
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	leae
	LEAEDLR0271
	CU14467
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	leonhardii
	LEONDLR0013
	CU14715
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	leonhardii
	LEONA70645
	NTMR25649
	Pending
	Pending
	Pending
	Pending

	Lerista
	macropisthopus
	MACRDLR0375
	CU14299
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	maryani
	MARYW158428
	WAM_R158428
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	tantilus
	TANTW152013
	WAM_R152013 
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	militaris
	MILIA29855
	NTMR22387
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	mimetes
	MIMEW146927
	WAM_R146927
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	nasutus
	NASUW102658
	WAM_R102658
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	nigrillineatus
	NIGRW139385
	WAM_R139385
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	nullum
	NULLSP042
	EBU-SP042
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	olympicus
	OLYMA70320
	SAMAR53150
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	orientalis
	ORIEW112779
	WAM_R112779
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	pantherinus
	PANTDLR0025
	CU14565
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	piankai
	PIANDLR0304
	CU14423
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	pulchellus
	PULCA82411
	SAMAR55301
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	quattuordecimlineatus
	QUATDLR0005
	CU14827
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	quatt
	QUATDLR0472
	CU14822
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	quatt
	QUATDLR0400
	CU14819
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	quinkan
	QUINA105817
	QMJ84335
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	rawlinsoni
	RAWLA24819
	QMJ51109
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	regius
	REGIA74522
	SAMAR55163
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	rimacola
	RIMAW126010
	WAM_R126010
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	robustus
	ROBUA58575
	SAMAR48684
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	rosarium
	ROSAA105820
	QMJ87405
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	rubicundus
	RUBIW139286
	WAM_R139286
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	rufescens
	RUFEW158405
	WAM_R158405
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	rutilans
	RUTISP039
	WAM_R120005
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	saxatilis
	SAXAW108775
	WAM_R108775
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	schevilli
	SCHEA08986
	SAMAR42744
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	schomburgkii
	SCHODLR0032
	CU14681
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	schomburgkii
	SCHOA91560
	SAMAR62176
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	septenarius
	SEPTSP104
	SAMAR37534
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	serventyi
	SERVW139164
	WAM_R139164
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	severus
	SEVEW156159
	WAM_R156159
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	spaldingi
	SPALA77041
	SAMAR55725
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	storri
	STORA29119
	NTMR17030
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	strauchii
	STRASP107
	SAMAR25865
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	striaticeps
	STRIA30403
	NTMR22441
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	striaticeps
	STRIA28714
	NTMR16374
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	stuarti
	STUAA28268
	NTMR13723
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	taeniatus
	TAENA34819
	SAMAR44934
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	taeniolatus
	TAENA77183
	SAMAR55864
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	tanamiensis
	TANAW110634
	WAM_R110634
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	tantillus
	TANTW151014
	WAM_R151014
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	terrareginae
	TERRSP061
	EBU_A45
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	uber
	UBERDLR0041
	CU14379
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	uber
	UBERW154802
	WAM_R154802
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	vertebralis
	VERTA28532
	NTMR16195
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	xenopleura
	XENOW141025
	WAM_R141025
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	yampiensis
	YAMPSP064
	EBU-SP064
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	youngsoni
	YOUNW135504
	WAM_R135504
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	zastictus
	ZASTSP114
	AMSR123129
	Pending
	Pending
	Pending
	Pending

	Ctenotus
	zebrilla
	ZEBRA77032
	SAMAR55710
	Pending
	Pending
	Pending
	Pending







Table S2. Sphenomorphine skink samples from previous studies that were included as part of this study. Sequences were collected by Reeder (2003), Skinner et al. (2007), Skinner et al. (2008), and Skinner et al. (2013). Abbreviations: ABTC, Australian Biological Tissue Collection, South Australian Museum; AMS, Australian Museum; NTM, Northern Territory Museum; QM Queensland Museum; SAMA, South Australian Museum; WAM, Western Australian Museum.

	Species
	Tissue/voucher ID

	ANOMALOPUS_BREVICOLLIS
	ABTC 10849          

	ANOMALOPUS_GOWI
	ABTC 77172                 

	ANOMALOPUS_LEUCKARTII
	ABTC 3713            

	ANOMALOPUS_MACKAYI
	NR 6054                 

	ANOMALOPUS_PLUTO
	ABTC 31876                

	ANOMALOPUS_SWANSONI
	ABTC 4018              

	ANOMALOPUS_VERREAUXII
	ABTC 76888           

	CALYPTOTIS_LEPIDOROSTRUM
	ABTC 3903         

	CALYPTOTIS_RUFICAUDA
	ABTC 3989             

	CALYPTOTIS_SCUTIROSTRUM
	ABTC 3876          

	CALYPTOTIS_TEMPORALIS
	ABTC 76906           

	COERANOSCINCUS_FRONTALIS
	ABTC 16213        

	COERANOSCINCUS_RETICULATUS
	ABTC 24829      

	COGGERIA_NAUFRAGUS
	ABTC 32113              

	CTENOTUS_LEONHARDII
	ABTC 14373             

	CTENOTUS_PANTHERINUS
	ABTC 57950            

	CTENOTUS_ROBUSTUS
	SAMA R36579              

	EREMIASCINCUS_RICHARDSONII
	ABTC 33810      

	EULAMPRUS_AMPLUS
	ABTC 32592

	EULAMPRUS_BRACHYSOMA
	ABTC 14220            

	EULAMPRUS_FREREI
	A6360                     

	EULAMPRUS_HEATWOLEI
	ABTC 57265             

	EULAMPRUS_KOSCIUSKOI
	ABTC 1169             

	EULAMPRUS_LUTEILATERALIS
	ABTC 10871        

	EULAMPRUS_MARTINI
	ABTC 76928               

	EULAMPRUS_MURRAYI
	ABTC 3973                

	EULAMPRUS_QUOYII
	QM J56099                 

	EULAMPRUS_TENUIS
	ABTC 14173                

	EULAMPRUS_TIGRINUS
	N72231                  

	EULAMPRUS_TRYONI
	A3215                     

	EULAMPRUS_TYMPANUM
	ABTC 54790              

	GLAPHYROMORPHUS_CRACENS
	ABTC 77143         

	GLAPHYROMORPHUS_CRASSICAUDIS
	ABTC 29468    

	GLAPHYROMORPHUS_DARWINIENSIS
	ABTC 29653    

	GLAPHYROMORPHUS_DOUGLASI
	ABTC 29631        

	GLAPHYROMORPHUS_FUSCICAUDIS
	ABTC 32148     

	GLAPHYROMORPHUS_GRACILIPES
	ABTC 54781      

	GLAPHYROMORPHUS_ISOLEPIS
	ABTC 11783        

	GLAPHYROMORPHUS_MJOBERGI
	ABTC 16212        

	GLAPHYROMORPHUS_NIGRICAUDIS
	ABTC 77150     

	GLAPHYROMORPHUS_PARDALIS
	ABTC 32201        

	GLAPHYROMORPHUS_PUMILUS
	ABTC 11368         

	GLAPHYROMORPHUS_PUNCTULATUS
	ABTC 10857     

	GNYPETOSCINCUS_QUEENSLANDIAE
	QM J51015     

	HEMIERGIS_DECRESIENSIS
	ABTC 54109          

	HEMIERGIS_INITIALIS
	ABTC 73302             

	HEMIERGIS_MILLEWAE
	ABTC 57034              

	HEMIERGIS_PERONII
	ABTC 58157               

	HEMIERGIS_QUADRILINEATA
	ABTC 54060         

	LERISTA_AERICEPS
	ABTC 00463                

	LERISTA_ALLOCHIRA
	WAM R116698              

	LERISTA_AMELES
	ABTC 77171                  

	LERISTA_APODA
	WAM R114243                  

	LERISTA_ARENICOLA
	ABTC 58719               

	LERISTA_AXILLARIS
	ABTC 63826               

	LERISTA_BAYNESI
	ABTC 40770                 

	LERISTA_BIPES
	ABTC 70105                   

	LERISTA_BOREALIS
	ABTC 13483                

	LERISTA_BOUGAINVILLII
	ABTC 68814           

	LERISTA_CARPENTARIAE
	ABTC 41192            

	LERISTA_CHORDAE
	ABTC 72900                 

	LERISTA_CHRISTINAE
	WAM R115299             

	LERISTA_CINEREA
	ABTC 72913                 

	LERISTA_CONNIVENS
	ABTC 54426               

	LERISTA_DESERTORUM
	ABTC 21756              

	LERISTA_DISTINGUENDA
	ABTC 54531            

	LERISTA_DORSALIS
	ABTC 37121                

	LERISTA_EDWARDSAE
	ABTC 57018               

	LERISTA_ELEGANS
	ABTC 63802                 

	LERISTA_ELONGATA
	ABTC 57680                

	LERISTA_EMMOTTI
	ABTC 31973                 

	LERISTA_EUPODA
	WAM R135101                 

	LERISTA_FLAMMICAUDA
	WAM R151177            

	LERISTA_FRAGILIS
	ABTC 77209                

	LERISTA_FROSTI
	ABTC 68887                  

	LERISTA_GASCOYNENSIS
	WAM R116790           

	LERISTA_GERRARDII
	ABTC 54563               

	LERISTA_GREERI
	WAM R114424                 

	LERISTA_GRIFFINI
	ABTC 30106                

	LERISTA_HAROLDI
	WAM R116653                

	LERISTA_HUMPHRIESI
	WAM R116872             

	LERISTA_INGRAMI
	ABTC 32100                 

	LERISTA_IPS
	WAM R131074                    

	LERISTA_KALUMBURU
	WAM R113949              

	LERISTA_KARLSCHMIDTI
	ABTC 30712            

	LERISTA_KENDRICKI
	WAM R116264              

	LERISTA_KENNEDYENSIS
	ABTC 63854            

	LERISTA_LABIALIS
	ABTC 42039                

	LERISTA_LINEATA
	WAM R144983                

	LERISTA_LINEOPUNCTULATA
	ABTC 54606         

	LERISTA_MACROPISTHOPUS
	ABTC 54430          

	LERISTA_MICROTIS
	ABTC 63793                

	LERISTA_MUELLERI
	ABTC 73396                

	LERISTA_NEANDER
	ABTC 63650                 

	LERISTA_NICHOLLSI
	ABTC 59787               

	LERISTA_ONSLOVIANA
	WAM R116826             

	LERISTA_ORIENTALIS
	ABTC 29625              

	LERISTA_PETERSONI
	ABTC 63853               

	LERISTA_PICTURATA
	ABTC 54564               

	LERISTA_PLANIVENTRALIS
	ABTC 72579          

	LERISTA_PRAEPEDITA
	ABTC 54467              

	LERISTA_PUNCTATOVITTATA
	ABTC 57590         

	LERISTA_PUNCTICAUDA
	WAM R117169            

	LERISTA_ROBUSTA
	WAM R108783                

	LERISTA_SIMILLIMA
	ABTC 63641               

	LERISTA_SPECIOSA
	SAMA R58029               

	LERISTA_STICTOPLEURA
	WAM R116825           

	LERISTA_STYLIS
	ABTC 29597                  

	LERISTA_TAENIATA
	ABTC 64175                

	LERISTA_TERDIGITATA
	ABTC 57239             

	LERISTA_TRIDACTYLA
	WAM R112650             

	LERISTA_UNIDUO
	ABTC 54427                  

	LERISTA_VARIA
	ABTC 54456                   

	LERISTA_VERMICULARIS
	ABTC 63758            

	LERISTA_VIDUATA
	WAMR 116535                

	LERISTA_WALKERI
	ABTC 63821                 

	LERISTA_WILKINSI
	ABTC 76998                

	LERISTA_XANTHURA
	WAM R135156               

	LERISTA_YUNA
	ABTC 63640                    

	LERISTA_ZIETZI
	ABTC 62967                  

	LERISTA_ZONULATA
	ABTC 77128                

	NANGURA_SPINOSA
	QM J57246                  

	NOTOSCINCUS_ORNATUS
	ABTC 14668             

	NOTOSCINCUS_WOTJULUM
	ABTC 11861            

	OPHIOSCINCUS_OPHIOSCINCUS
	QM J46126        

	OPHIOSCINCUS_TRUNCATUS
	ABTC 3971           

	PAPUASCINCUS_SP
	ABTC 48281                

	PRASINOHAEMA_VIRENS
	ABTC 49799             

	SAIPHOS_EQUALIS
	ABTC 3784      

	SPHENOMORPHUS_JOBIENSIS
	ABTC 48822         

	SPHENOMORPHUS_MUELLERI
	ABTC 46548          

	SPHENOMORPHUS_SOLOMONIS
	ABTC 48124         
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a) Body shape (PC1)
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