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Materials and Methods
A. Phylogenetic Data sets
Two of the largest current data sets encompassing all theropods, with very different taxon and
character sets, were analysed: patterns found in both data sets are thus likely to be general
across all theropods. (1) Data set 1 is new to this study and consisted of 120 theropod taxa
and 1549 characters. It is the most character-rich phylogenetic matrix for theropods
compiled, expanded from (21) though the addition of 49 new characters and 28 taxa (with 9
fragmentary or immature taxa removed). Bayesian methods ideally require sampling of all
characters including those which are invariant (same across all taxa) and autapomorphic
(unique specialisations of single taxa, typically excluded due to being parsimonyuninformative). This data set is the only theropod data matrix to date which considers such
characters: of the 1549 characters, 114 were invariant and 184 were autapomorphies. The
character list, sources of anatomical information, and the character-by-taxon matrix are
presented in Section G (files 1-4). (2) Data set 2 is a recent published data set consisting of
100 theropod taxa and 421 parsimony-informative characters (22; expanded from 8,23). As
with nearly all previously published phylogenetic data sets, autapomorphies were not
sampled.
B. Stratigraphic, Body Size and Body Mass Data
Stratigraphic data for each taxon was obtained from the primary literature, with the
most recently published, well-corroborated age used (Section G, file 3). Where published
ages were given in stratigraphic units (e.g. stage or epoch), the dates for the relevant unit were
taken from the ICS/IUGS International Stratigraphic Chart
(www.stratigraphy.org/column.php?id=Chart/Time%20Scale).
Body size data for each taxon was obtained from the primary literature (Section G, file
3). Femur length is the most commonly used proxy for body size in non-avian theropods (e.g.
11, 15,28); it was the single measurement most predictive of body size (r=0.995: 23) and is
also a commonly-preserved feature measurable in many taxa. It exhibits a relatively constant
relationship across non-avialan theropods including non-avialan Paravians (6; see below).
Only measurements from typical adult specimens were used; measurements from specimens
which were identified as definitely or likely juvenile were not used (those taxa were scored as
missing data if no other adult measurements were available). To reduce heteroscedasticity, all
femur length measurements were log10 transformed (24); thus, a doubling of femur length
along a branch always results in the same increase in this quantitative trait (log10 2 = 0.301),
regardless of absolute ancestral and descendant size. Log10 Femur Length (hereafter FL10) for
all ancestral nodes was co-estimated simultaneously with phylogeny (in the Bayesian
analyses), or optimized on the most-parsimonious tree (in the parsimony analyses).
Conversion of femur length to body size was based on the tight (r=0.995) empirical
relationship (24):
Log10 BodyMass (kg) = -6.288 + 3.222 Log10 Femur length (mm)
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We apply this formula to infer ancestral body sizes within theropods only up to Avialae (Fig.
2), where it is highly predictive of "size", whether measured as mass (24) or snout-vent length
(6). We do not use it to infer size on branches within Avialae, due to changes in femur
morphology and allometry in these taxa due to adaptations for flight and/or diving, and
femoral reorientation (e.g. 6,13). Application of bird-specific regressions might produce
accurate estimates. Hence, our discussion focuses on body size evolution along the avian
stem lineage leading up to Avialae, but not beyond.
It should be noted that use of this formula still returns reasonable weights even for
basal Avialans such as Archaeopteryx: its femur length and the above regression yields a
weight of ~453g, consistent with most studies (e.g. 32, 33). However, it contradicts the
anomalously low weight of 132g presented in Table S4 in ref (14), which is almost certainly
erroneous. This discrepancy might be related to some skeletal measurements of
Archaeopteryx in Table S3 in ref (14) being considerably smaller than values used here
(Section G, file 3) and elsewhere (34).
C. Bayesian Analyses (simultaneous inference of phylogeny and character evolution)
The BEAST package (25), which implements Markov-Chain Monte Carlo Bayesian
methods for estimating phylogeny and associated traits, has 5 capabilities that make it
uniquely applicable to this data set. In particular, BEAST models for inferring dated
phylogenies using DNA from real-time virus samples are fundamentally analogous to models
required for inferring dated phylogenies using morphological traits from fossils sampled
across deep time. Similarly, "diffusion" models for inferring the geographic spread of viruses
(in two dimensions) are broadly similar to Brownian motion models of body size evolution
(in a single dimension). The other potentially relevant package, MrBayes (35) cannot
implement methods 1, 2 or 5 from the list below, and was consequently not used.
(1) BEAST can simultaneously infer tree topology, divergence dates (lineage
durations), and ancestral states for both discrete and continuous traits. All variables are coestimated: for instance, all discrete and continuous traits directly contribute to the estimated
phylogeny and divergence dates (continuous traits are not “mapped onto” a pre-determined
phylogeny). However, in the current analysis, tree topology and branch lengths are largely
determined by the discrete characters, due to the large number of discrete traits (1549 or 421)
versus the single continuous trait (body size).
(2) It can implement likelihood-based models of evolution for both discrete and
continuous morphological traits. Discrete characters are modeled using the Lewis (35)
Markov model which allows ordering of multistate characters (if desired), and also
accommodates variability in rates of evolution among characters (using the gamma
distribution) and across lineages (using relaxed clocks, 26). Continuous traits are modeled
using a Brownian motion process (37); as with discrete characters, the “rate” of Brownian
motion can be constant throughout the tree (strict clock) or can vary across lineages (relaxed
clock).
(3) It assesses uncertainty for each parameter, taking into account the uncertanties for
every other estimated parameter. For instance, uncertainty in body size reconstruction takes
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into consideration not only uncertainty inherent in the chosen reconstruction model (e.g. rateconstant Brownian motion), but also uncertainty in tree topology and divergence dates.
(4) It can directly infer dated phylogenies where the terminal taxa differ in
stratigraphic age, i.e. it estimates the optimal phylogeny and lineage durations that best
explain the stratigraphic distribution and characters exhibited by the terminal taxa (35,38).
Traditional phylogenetic methods generally first infer tree topology (branching sequence),
and then estimates divergence dates, e.g. to match the stratigraphic dates and minimise ghost
lineages. In contrast, BEAST (like MrBayes) simultaneously infers phylogeny and
divergence dates which best fit the combined character and stratigraphic data (35,38)
(5) In addition to calibrating trees via tip ages (see point 4 above), it can also enforce
traditional node calibrations, where the ancestor of a particular set of taxa is constrained to be
a certain age (or age distribution), without topological constraints. Unlike all other dating
programs, BEAST does not require enforcing the monophyly of calibrated groups. Thus, it is
possible to calibrate a tree yet leave phylogenetic relationships totally unconstrained (to
determined by the character data); the calibration applies to the most recent common ancestor
of a given set of taxa, regardless of whether or not they form an exclusive clade. In contrast,
other dating programs (including MrBayes) enforces monophyly of calibrated taxon sets.
Simultaneous estimation of evolutionary rates, topology and divergence dates is now a
standard practice in molecular phylogenetics and has been argued to superior at identifying
global optima that best fit all relevant parameters (e.g. 26). In the current context, it should
be noted that this approach yields conservative estimates of rate changes, by attempting to
dampen extreme rates via changes in branch lengths or topology. In particular, the need to
infer implausibly fast rates in sections of the tree could be removed either by minor stretching
of very short branches (which barely affects overall tree shape), or by accepting a marginally
inferior tree topology that is much more stratigraphically consistent (and which cannot be
rejected by topology tests). In contrast, fixing topology and divergence dates before
calculating rates will often retrieve extremely short branches with implausibly fast rates (at an
extreme, zero-length branches with infinitely fast rates: e.g. 39). Hence, simultaneous
analysis of rates and tree shape results in lower (ie conservative) estimates of rate variability
than sequential analysis (e.g. 40).
Data sets 1 and 2 were analysed in BEAST, using the Lewis (36) Markov model for
the discrete characters; characters which formed morphoclines were ordered (see Section G,
file 4). All (ordered and unordered) discrete characters were treated as a single partition for
estimating relevant parameters (e.g. mean rate, gamma). The most appropriate model for
each data set was chosen using Bayes Factors (BF) sensu (41), i.e. twice the difference in
marginal logn likelihoods. The latter were estimated in Tracer (42), which implements the
refinement by Suchard et al. (43). For both data sets 1 and 2, BF strongly favoured inclusion
of the gamma parameter for among-character rate heterogeneity (BF 1302 & 125
respectively), and a relaxed (uncorrelated lognormal) clock over a strict clock for amonglineage rate heterogeneity (BF 2928 & 920 respectively). The relaxed clock analysis
employed (see below) also returned very high variation in evolutionary rates across branches,
again inconsistent with a strict clock (standard deviation of branch rates exceeding the mean,
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and 95% HPD not abutting 0). The overall rate across the tree was given a very wide
(conservative) uniform prior spanning 0 to 1000 changes per Ma (ie no change to
extraordinarily fast rates). All characters were treated as independent. Character
independence is a central assumption of all standard methods for phylogenetic inference
(likelihood, parsimony, phenetics, and Bayesian). However, as organisms are integrated
entities, this assumption is almost certainly violated in all real data sets (especially
morphological ones), leading to potential errors such as over-confidence of related
parameters, such as over-estimated clade probabilities.
The continuous trait (FL10) was analysed using a Brownian model, with the tree-wide
evolutionary rate/variance empirically estimated from the data using BEAST, using the
relatively uninformative default prior (37). Analyses with relaxed clocks (branch-specific
evolutionary rates) proved over-parameterized, with meaninglessly wide confidence intervals
for rates on most branches. Additional (directed) models were tested with Bayestraits (27),
which concluded the undirected model (as implemented in BEAST) was adequate.
Lineage durations (branch lengths) are integral to Brownian motion models, since
large changes are less likely on short branches. Thus, the reconstructed ancestral value for a
node will be most influenced by fossil taxa separated from that node by short branch lengths.
For instance, the node representing the ancestral tyrannosauroid is reconstructed as small
(FL10=2.49, ~54kg; see Fig. S1), consistent with previous proposals (44-46). Even though
two sampled tyrannosauroids (Yutyrannus, Tyrannosaurus) are huge, the small Guanlong
(FL10=2.54, ~81kg) is closest to the ancestral tyrannosauroid node in terms of branch lengths,
and exerts a stronger influence on the reconstructed state.
Analyses were conducted using (1) only a single root age constraint, or (2) two
additional internal constraints, on Paraves and Neotetanurae. Both approaches yielded
qualitatively similar size and rate trends. The age of each constrained clade was given a
uniform prior, between the maximum age (see below) and 0 Ma. In practice, clade ages
younger than the oldest included taxon are not sampled; however, as clade content for varies
across MCMC samples for internal nodes (because monophyly is not enforced), this effective
younger bound varies for Paraves and Neotetanurae.
(1) The root age constraint consisted of the maximum age for Theropoda and was set
at 246Ma, as this substantially pre-dates the earliest robust record of dinosaurs (~230Ma: 4749), and even the earliest potential dinosaurs (~243Ma: 50). There is a rich global archosaur
record in the Lower Triassic (~246-251Ma) which does not contain any unequivocal
dinosaurs. (2) The first internal constraint consisted of a plausible upper limit (168.3 Ma) on
the age of Paraves. This substantially pre-dates the earliest unequivocal paravians Anchiornis,
Aurornis and Xiaotingia at ~159Ma (see Section G, file 3), and is the same age as the oldest
potential evidence for paravian-like taxa, consisting of footprint evidence acknowledged to be
of questionable stratigraphy and taxonomic affinity (51). (3) The second internal constraint
consisted of a plausible upper limit (175Ma) on the age of Neotetanurae. This substantially
pre-dates the earliest unequivocal neotetanurans, the allosauroids Xuanhanosaurus
qilixiaensis, Yangchuanosaurus zigongensis and Shidaisaurus jinae, all of undetermined age
within the Middle Jurassic (52), and the coelurosaur Proceratosaurus bradleyi from the
Bathonian (53). There is a rich Lower Jurassic (175-200Ma) theropod fossil record that does
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not include any neotetanurans or even undisputed tetanurans. The oldest undisputed
tetanurans are ~175Ma (54), though there are potential tetanurans at about 196Ma (e.g.
Eshanosaurus: 55).
The BEAST files for data sets 1 and 2 (with size and age data) are in Section G (files
5 and 6). All analyses were performed in BEAST 1.7 and 1.8 (25), on the e-research SA
(erSA) computer grid. Each BEAST analysis involved 6 replicate runs (with different
random starting trees and random number seeds). Each of the 6 replicate runs involved 30
million steps with sampling every 5000 generations, with a burnin of 5 million steps.
Convergence (stationarity) in numerical parameters was identified using Tracer (42): broadly
overlapping, non-trending traces across all replicate runs for every parameter, with effective
sample sizes (ESS) of every parameter exceeding 100. Convergence for both data sets was
reached before the relevant burnin, and the post-burnin parameter and tree samples were
retained for analysis and concatenated using LogCombiner in the BEAST package. Estimates
(mean and 95% highest posterior density) for all numerical parameters were generated using
Tracer (42). Convergence in topology was assessed using AWTY (56), with posterior
probabilities of splits of post-burnin trees always highly correlated across the replicate runs.
The maximum clade credibility (MCC) consensus tree using mean branch lengths was
obtained using TreeAnotator in the BEAST package (25), together with estimates (mean and
95% highest posterior density) of tree-based parameters, including posterior probabilities,
divergence dates, lineage durations (branch lengths), rates of morphological evolution
(discrete characters), and ancestral state reconstructions for femur length / inferred body size
(continuous character). The final summary trees with node values were generated using
TreeAnotator and visualized via FigTree (57).
Data set 1. The dated maximum clade credibility (MCC) tree (with branch lengths in
Ma) is shown in Figs 1 & S1 with inferred ancestral states for femur length/body size, in Fig.
S2 with posterior probabilities for each clade, and in Figs 3 & S3 with rates of evolution on
each branch (numerical values, in % divergence per Ma). These results are discussed in the
main text. The dated MCC with branch lengths in terms of amount of morphological
evolution is shown in Fig. S4; despite the elevated rates along the bird stem lineage, the
absolute amounts of change along the branches near the origin of Avialae are rather small,
emphasising the morphological continuum between birds and non-avian dinosaurs (e.g.
1,2,12,14,21).
Data set 2. The dated MCC tree (with branch lengths in Ma) is shown in Fig. S5
branches coloured according to reconstructed body size; absolute values are also given. A
pattern of consistent, unreversed size reduction along most of the avian stem (from Tetanurae
upwards) is again found. Fig. S6 shows the tree branches coloured according to rates of
change, along with rates for each branch. Because this data set did not sample
autapomorphies, rates on terminal branches are underestimated. Even so, the pattern is
similar to data set 1: the Avian stem exhibits consistently faster rates of evolution than the rest
of the tree, even when only internal (non-terminal) branches are considered.
D. Testing for Trends: PGLS
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The presence or absence of an overall trend towards size decrease (or increase) in the
data set was determined using PGLS, one of the most powerful methods for detecting
temporal evolutionary trends (58). BayesTraits (27) implements a range of models of
continuous trait evolution, in a fully Bayesian framework integrating across different sampled
tree topologies and branch lengths. An undirected Brownian motion model was tested against
a model which also included a trend parameter (beta); in the latter model, the size of each
descendant node is predicted jointly by the ancestral node, the estimated rate of Brownian
motion ("variance"), and the trend parameter. Analyses employed 1000 primary (ie sampled)
trees from each data set, and default BayesTraits priors. Both data sets exhibited no
significant overall trend towards larger or smaller body size across all theropods (Fig. S7AB).
Adding the trend parameter did not improve model fit (data set 1 - BF =0.14; data set 2 - BF
= 0.07), and the estimated trend parameter was insignificant (Figure S7AB), with the 95%
HPD interval broadly encompassing 0 (data set 1, mean=0.0015, HPD = -0.0012 to +0.0042;
data set 2, mean = 0.0011, HPD = -0.0017 to +0.0037). Thus, both data sets do not exhibit a
trend towards body size increase or decrease with time, when the overall tree is considered.
This is consistent with recent results for three theropod subclades, which showed no
directionality in these clades despite expected size trends due to herbivory (28).
To test for a significant trend on the bird stem lineage, we repeated the PGLS analysis
(27) on the relevant subtree in each of the 1000 sampled trees. This subtree spanned the
outgroup to the bird clade; all other taxa were pruned from each sampled tree (Fig. S7C).
Only data set 1 sampled sufficient bird taxa to employ this test. This test is also conservative
because the tested trend along the bird stem lineage will be diminished by any nondirectionality on the other remaining branches (i.e. branches leading to the outgroup, and
within birds). To reduce this effect, bird taxa on very long tip branches were also pruned
(Fig. S7C). Despite the conservative nature of this test, addition of the trend parameter
significantly improved model fit (BF =18.6) and accordingly the estimated trend parameter
was significantly negative (mean = -0.0066, HPD = -0.0120 to -0.0007: Fig. S7D), indicating
a significant trend of size reduction with time.
E. Testing for Trends: Parametric simulations
Parametric simulations ("bootstraps") were performed to test if the observed consecutive run
of size reductions along the bird stem lineage could have been generated stochastically, under
a null model where size increases or decreases randomly across the entire phylogeny.
Missing tip data can inflate inferred trends, because inferred ancestors at certain nodes
are directly inferred from nodes above and below (rather than via tip data). To remove this
bias, the phylogeny in Fig. S1 was pruned down to the 87 taxa which all had size (FL10)
information. We then inferred the evolution of size along this phylogeny using the Bayesian
analyses discussed above, on this pruned, fixed topology. These analyses retrieved a pattern
identical to that depicted in Figs 1 and 2: the longest "run" of consecutive size reductions in
this 87-taxon tree was 27, and spanned all of the bird stem lineage.
We then simulated the evolution of size along this phylogeny, using an undirected
Brownian motion model in Mesquite (59); the root value (2.679) and rate of change / variance
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(0.045 per Ma) matched that inferred by BEAST from the actual data (BEAST's retrieved rate
of 7.7 scaled by tree height of 173). We also confirmed that the simulations using a
rate/variance of 0.045 yielded variation in tip values very similar to the actual values (e.g.
similar range between largest and smallest sizes). Because the actual ancestral values for the
real tree are not known (only tip values are known, ancestral values are inferred via the
Bayesian analyses described above), we treated the simulated data in exactly the same way.
We used the tip values at the simulations and inferred nodal values using the same methods
used for the real data. Only 20 such simulations could be completed due to high
computational burden. Across these 20 simulations, longest run of size increases was 14
(mean = 8.5), and longest run of decreases was 20 (mean = 10.7); the observed value of 27
decreases exceeds both these values substantially. These results suggest that the trend
observed in the real data is too persistent to have been generated by chance, and is significant
at least at to P=0.05 (the smallest value that can be retrieved given 20 simulations).
F. Parsimony Analyses and Character Optimisation
Parsimony analysis and optimization was also employed, to test the robustness of the
above trends to alternative methodologies. These methods are very different to the Bayesian
likelihood methods above: for instance, in a parsimony framework, temporal duration (length)
of branches is irrelevant to both phylogenetic inference or character optimization.
Each data set was analysed in PAUP* (60), using search settings aimed at sampling as
many tree islands as possible [HSEARCH addseq=random nreps=1000 nchuck=1000
chuckscore=1]. Both data sets 1 and 2 resulted in >100000 most parsimonious trees (MPTs);
many more presumably exist but could not be retained due to memory constraints. However,
the strict consensus tree obtained for data set 2 matched that from a previous parsimony
analysis of the same data (22), suggesting the correct overall consensus topology was
retrievable from the pools of sampled trees in both analyses. The strict consensus for both
data sets contained large polytomies, and characters should not be optimized on such
consensus trees, as they are not optimal trees and thus imply more homoplasy that any of the
individual MPTs (e.g. 61). Hence, a majority-rule consensus was obtained from the sampled
MPTs (Figs S8, S9), which was fully resolved.
Body size was optimized onto the trees from data sets 1 and 2 using both linear and
square-change parsimony in Mesquite (59). Both methods produced similar results, so only
linear parsimony results are presented (Figs. S8, S9). Both data sets 1 and 2 indicate that body
size consistently decreased, or remained unchanged, along every branch of the bird stem
lineage from neotetanurans upward. Similar trends have been obtained with parsimony
analysis of a data set of tetanurans (7). Such parsimony analyses also reveal size increases
and decreases are otherwise scattered across theropods, even in the nearest relatives of birds
[(8) see also (62)]. Thus, the parsimony analyses are consistent with the more parameterized
Bayesian models, and demonstrate that the trends observed here (sustained miniaturisation
confined to the bird stem lineage) are robust to different models and assumptions.
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G. List of Data Files Archived on Dryad Digital Repository (doi:10.5061/dryad.jm6pj)
1. Character list for data set 1 in Word format [data set 2 is available from (22)].
2. Taxon list and sources of anatomical information for data set 1 in Word format [data set 2
is available from (22)].
3. Stratigraphic and size data for data sets 1 and 2 in Excel format.
4. Nexus file for data set 1 as a plain text executable for PAUP (data set 2 is available from
22).
5. xml file for data set 1, a plain text executable for BEAST 1.7 or 1.8.
6. xml file for data set 2, a plain text executable for BEAST 1.7 or 1.8.
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SUPPLEMENTARY FIGURES S1-S9

Fig. S1. Size evolution across the theropod-bird transition. This is more detailed version of
Fig. 1, and represents the Bayesian maximum clade credibility (MCC) tree from data set 1, with
size information superimposed. All taxon names are shown, and size (indexed by log10 femur
length) is shown for all tip taxa (observed values) and all nodes (reconstructed values). Silhouettes
used in all figures from phylopic.org.
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Fig. S2. Theropod phylogeny, based on the new morphological data matrix (data set 1). This
tree is the Bayesian MCC tree with posterior probabilities shown at nodes. Tree is colour-coded by
clade: Black (and upwards) = Theropoda, Blue (and upwards) = Neotetanurae, Green (and
upwards) = Maniraptora, Olive (and upwards) = Paraves, Pink = birds (Avialae / Aves sensu lato).
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Fig. S3. Rates of morphological evolution in theropods, based on data set 1. Bayesian MCC
tree with mean evolutionary rates shown on each branch (percentage divergence per million years,
across all 1549 discrete characters; a rate of 1% equates to a 0.01 probability of change per
character per lineage per million years). The bird stem lineage is consistently faster than the rest
of the tree, with the fastest rates occurring between Neotetanurans and Paraves (see also Fig. 3,
where branches are colour-coded according to rate). Tree is colour-coded by clade (see Fig. S2).
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Fig. S4. The dinosaur-bird continuum: Amounts of morphological evolution in theropods,
based on data set 1. Bayesian MCC tree, with branch lengths scaled to the absolute amount (rather
than rate) of evolutionary divergence across all discrete characters. The branch leading to “birds”
(Avialae, Aves sensu lato) does not undergo exceptional amounts of evolution. Tree is colourcoded by clade (see Fig. S2).
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Fig. S5. Theropod phylogeny and body size evolution, based on data set 2. The same trend of
continuous, unreversed size reduction along most of the bird stem lineage is found as in data set 1.
Bayesian MCC tree with branches colour-coded according to body size as indexed by log10 femur
length (compare with Figs. 1 and S1); numbers denote observed values at tips, or inferred ancestral
values at nodes. Triangles denote size increases or decreases along the bird stem lineage (compare
with Fig 2a), and size trends in this lineage are plotted in Fig. 2b.
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Fig. S6. Theropod evolutionary rates, based on data set 2. Fast rates characterise the bird stem
lineage, as in data set 1 (compare with Fig. 3). Bayesian MCC tree with branches colour-coded
according to inferred rate of evolution (percentage divergence per million years, across all 1549
discrete characters; a rate of 1% equates to a 0.01 probability of change per character per lineage
per million years).
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Fig. S7. No overall trend in body size evolution across theropods, but a significant trend in
the bird lineage. The estimated trend parameter (beta) from a BayesTraits (27) analysis across
1000 sampled trees in (A) data set 1 and (B) data set 2. In both data sets, the mean estimate of the
trend parameter is close to 0 (~0.0012) and the 95% highest posterior density (blue) encompasses 0.
Adding this parameter also does not improve model fit (see Section D). (C) Pruned subtree
retaining the outgroup and basal bird taxa; this is the maximum MCC consensus of the pruned
subtrees (1000 sampled subtrees representing relationships among the retained taxa were used for
actual analysis). (D) The estimated trend parameter (beta) from a Bayestraits analysis of the 1000
pruned subtrees; the mean estimate is ~5x times the absolute magnitude than that retrieved for the
full tree (-0.0066), and the 95% highest posterior density (blue) excludes zero.
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Fig. S8. Theropod phylogeny and size evolution based on parsimony (cladistic) analysis of
data set 1. Majority-rule consensus of >100 000MPTs, with ancestral node reconstructions based
on linear parsimony. Branches are colour-coded according to size, as indexed by log10 femur
length (blue=large, green=medium, pink=small); numbers at nodes are inferred values for size
along the bird stem lineage. Where there is a range of equally-parsimonious values for a node,
Mesquite (59) by default prints the lower value (shown here). Using the mean value or upper
value does not change the retrieved pattern.
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Fig. S9. Theropod phylogeny and size evolution based on parsimony (cladistic) analysis of
data set 2. Majority-rule consensus of >100 000MPTs, with ancestral node reconstructions based
on linear parsimony. Branches are colour-coded according to size, as indexed by log10 femur length
(blue=large, green=medium, pink=small); numbers at nodes are inferred values for size along the
bird stem lineage. Where there is a range of equally-parsimonious values for a node, Mesquite (59)
by default prints the lower value (shown here). Using the mean value or upper value does not
change the retrieved pattern.
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