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Supplemental Information:  %!
 &!
25-Specimen dataset (without D3075-1, D3075-3, IVPP V12704) '!
 (!
 The PCA was rerun not including any of the juvenile skulls (IVPP V12704, )!
DMNH D3075-1, DMNH D3075-3) in order to test clusters in the morphospace with *!
only adult individuals. All specimens clustered together in all PC axes demonstrating that "+!
allometry was not affecting the clustering seen in the 28-specimen dataset. The first four ""!
principal components are used for the 25-specimen dataset. Together they account for "#!
62.3% of the total variance. For the 25-specimen dataset, the 95% confidence interval of "$!
the mean for PC1 is -0.172! µ "0.172. The confidence interval for PC2 is -0.142! µ "%!
"0.142, PC3 is -0.103! µ "0.103, and PC4 is -0.095! µ "0.095. The first principal "&!
component is composed of 28.2% of the total variance. The second principal component "'!
is composed of 15.4% of the total variance. The third principal component is composed "(!
of 9.85% of the total variance. The fourth principal component is composed of 8.85% of ")!
the total variance. Principal components 5–25 are individually composed of less than 7% "*!
of the total variance.  #+!
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Figure S1: PCA for 25-specimen dataset: (A) PC1 x PC2, (B) PC1 x PC3, (C) PC1 x #%!
PC4, (D) PC2 x PC3. Specimens D3075-1, D3075-3 and IVPP V12704 were excluded in #&!
order to determine the organization of the adult-only morphospace. #'!
 #(!
 #)!
26-Specimen dataset (without D3075-1, D3075-3, including IVPP V12704) #*!
 $+!
 The PCA was rerun not using D3075-1 or D3075-3 given that the juvenile skulls $"!
were occupying a different morphospace from the larger skulls. Though IVPP V12704 $#!
was also a juvenile, it was not discounted from these PCAs because of its status as the $$!
holotype of Hongshanosaurus houi. In general, this caused the grouping to be more $%!
closely aligned with the 95% confidence ellipses with the exception of IVPP V12704. $&!
The first four principal components are used for the 26-specimen dataset. Together, they $'!
comprise 63.8% of the total variance. The confidence interval for each PC is determined $(!
by the mean based on all 26 specimens and is displayed graphically in the confidence $)!
ellipse. The confidence interval for PC1 is -0.172! µ "0.172. The confidence interval for $*!
PC2 is -0.142! µ "0.142. The confidence interval for PC3 is -0.103! µ "0.103. The %+!
confidence interval for PC4 is -0.095! µ "0.095. The first principal component is %"!
composed of 27.1% of the total variance. Principal component 2 is composed of 18.5% of %#!
the total variance. Principal component 3 is composed of 9.8% of the total variance. %$!
Principal component 4 is composed of 8.36% of the total variance.  %%!
 %&!
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Figure S2: PCA for 26-specimen dataset: (A) PC1 x PC2, (B) PC1 x PC3, (C) PC1 x %)!
PC4, (D) PC2 x PC3. Specimens D3075-1 and D3075-3 were excluded and IVPP %*!
V12704 was retained.  &+!
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Figure S3: Scree plot: This is the scree plot for all 28 principal component generated &'!
from the 28-specimen dataset. &(!
 &)!
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Figure S4: Hongshanosaurus (IVPP V12617): The interior of the skull is connected by '"!
plaster (red) showing that the back of the skull was taphonomically distorted such that the '#!
back of the skull was angled relative to the front of the skull. This explains the elongated '$!
rostrum. Scale =50mm. '%!
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Table S1: 28-specimen dataset PC coords: The 28-specimen dataset principal )'!
component coordinates and ln(centroid size). Only the first four principal components )(!
were used in the analysis and a total of 28 principal components were found to account ))!
for 100% of the total variance. Only the first 12 principal components are presented here )*!
accounting for 90% of the total variance. *+!
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Table S2: Error test data: The error test with Euclidean distances of the first four "$#!
principal components of each specimen. Euclidean distances were plotted in Figure 2 and "$$!
shown to have the error sample (LHPV1) not overlap with the other specimens.  "$%!

"$&!
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+ D1882 /+0,12/3+ 40,32/3, /105+2/3, /,01,2/3,
, D2156 /+0-52/3+ 50..2/3, +0142/3, /,0162/3,
- D2581 /.0+62/3, 706.2/3, -0-52/3, /+0.42/3,
. D2582 /40+42/3, /50++2/3, 50552/3, /,0-12/3,
1 D2583 /.01+2/3, 101.2/3, /.0772/3- /+03.2/3+
5 D2585 10732/3- /,0--2/3, 60642/3, /+07,2/3,
7 D2586 /60132/3, 50542/3, +0442/3, 60+42/3-
4 D2587 /10,,2/3- /,03+2/3- 50372/3, +03+2/3,
6 D2588 -05-2/3, /+0732/3, -0572/3, /-0.,2/3,
+3 D2589 /+0,52/3+ -0632/3- /504.2/3- 50--2/3,
++ D2590 +0-32/3+ /405+2/3, 40632/3, /10,62/3,
+, D2591 701,2/3. ,0532/3, +0372/3, /703-2/3,
+- D2592 /-0462/3, /50.62/3- 70412/3, /-0.32/3,
+. D2593 /.0.32/3, ,0.62/3, /40,-2/3- /10372/3-
+1 D2595 /.0162/3, +0132/3+ -0632/3, /-0+12/3,
+5 D2596 /60462/3, /70-+2/3- -07.2/3, 60572/3-
+7 D2597 /-0612/3, +03,2/3, /,03-2/3, 10352/3,
+4 D2598 +07-2/3, /,0532/3, /+0372/3, /-0+72/3,
+6 D2600 /60332/3, .0,+2/3, /+0112/3, /-03.2/3-
,3 D30751 /+01.2/3+ /+07+2/3+ .06.2/3, 10452/3,
,+ D30753 /+0142/3+ /+0+12/3+ /.06,2/3, /.04,2/3,
,, D3419 /+0,.2/3+ /,0-42/3, /70332/3, .04.2/3,
,- DL0013 -07-2/3, .0762/3, 10-12/3, 10-+2/3, 8#9':;<:2==;=
,. IVPP V12617 /+0+12/3+ 40-42/3, +0..2/3. +0-62/3+ )*+
,1 LHPV1 +01,2/3+ /104.2/3. /,04-2/3, +0772/3, +0.12/3+
,5 LHPV1-1 +0.,2/3+ /,0+62/3, /,0172/3, +0.32/3,
,7 LHPV1-2 +0..2/3+ /+05+2/3, /+0552/3, +03-2/3,
,4 LHPV1-3 +0..2/3+ /+0542/3, /+0552/3, 50.+2/3-
,6 LHPV1-4 +0.12/3+ /+0.62/3, /+01.2/3, 70+42/3-
-3 LHPV1-5 +0.-2/3+ /+04.2/3, /,0-+2/3, +0,.2/3,
-+ LHPV1-6 +0..2/3+ /,0312/3, /,05.2/3, 60162/3-

-, LHPV1-7 +0.-2/3+ /,0,42/3, /,0.52/3, +0+-2/3,
-- LHPV1-8 +0.12/3+ /,0,,2/3, /,0552/3, +0-32/3,
-. LHPV1-9 +0.-2/3+ /,03-2/3, /,0,42/3, +0--2/3,
-1 LHPV1-10 +0.12/3+ /,0+62/3, /,0-72/3, +0-32/3,
-5 ZMNH M8137 /.0442/3, -01.2/3, ,0+.2/3, .0.32/3,
-7 ZMNH M8138 +03-2/3, +0..2/3+ /+0+,2/3+ /103,2/3,
-4 IVPPV12704 /,0+52/3+ /+04,2/3+ /+0342/3+ /.0+72/3,
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Table S3: Psittacosaur skull and femur lengths: The skull and femur ratios for a "$&!
number of specimens. Each side of the body is shown in the table as there is often some "$'!
discrepancy. This was used to assess the relative skull size of P. major.  "$(!
 "$)!

"$*!
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Table S4: 25-specimen dataset PC coords: The 25-specimen dataset principal "$*!
component coordinates for the first four principal components. This dataset eliminated "%+!
small (juvenile) specimens from the analysis to assess any potential grouping in only the "%"!
adult specimens. (see Figure S1 for groupings).  "%#!
 "%$!

"%%!
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Table S5: Full PCs and Eigenvalues for the 28-specimen dataset. "%%!
 "%&!

"%'!



Principal 
Component 

Number Eigenvalues
Proportion of 
Total Variance

Cumulative 
Variance

PC1 8.56E-03 2.79E-01 2.79E-01
PC2 5.71E-03 1.86E-01 4.65E-01
PC3 2.77E-03 9.04E-02 5.56E-01
PC4 2.34E-03 7.64E-02 6.32E-01
PC5 2.12E-03 6.92E-02 7.01E-01
PC6 1.67E-03 5.45E-02 7.56E-01
PC7 1.33E-03 4.35E-02 7.99E-01
PC8 8.29E-04 2.70E-02 8.26E-01
PC9 7.09E-04 2.31E-02 8.49E-01
PC10 6.27E-04 2.04E-02 8.70E-01
PC11 5.77E-04 1.88E-02 8.89E-01
PC12 4.60E-04 1.50E-02 9.04E-01
PC13 3.90E-04 1.27E-02 9.16E-01
PC14 3.46E-04 1.13E-02 9.28E-01
PC15 3.07E-04 1.00E-02 9.38E-01
PC16 2.86E-04 9.33E-03 9.47E-01
PC17 2.46E-04 8.04E-03 9.55E-01
PC18 2.33E-04 7.59E-03 9.63E-01
PC19 1.82E-04 5.93E-03 9.69E-01
PC20 1.74E-04 5.67E-03 9.74E-01
PC21 1.65E-04 5.37E-03 9.80E-01
PC22 1.45E-04 4.71E-03 9.84E-01
PC23 1.33E-04 4.33E-03 9.89E-01
PC24 1.09E-04 3.56E-03 9.92E-01
PC25 9.13E-05 2.98E-03 9.95E-01
PC26 7.49E-05 2.44E-03 9.98E-01
PC27 6.98E-05 2.28E-03 1.00E+00
PC28 6.00E-12 1.96E-10 1.00E+00
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Multimedia S1: ZMNH M8137: A 3D model of ZMNH M8137 is included to "%'!
demonstrate the scans for each psittacosaur specimen. ZMNH M8137 plotted closest to "%(!
the consensus shape in each PC plot and likely represents a reasonably undistorted "%)!
Lujiatun psittacosaur form. This file is an .obj file and can be visualized in MeshLabTM, "%*!
which can be downloaded for free (MeshLab, Visual Computing Lab - ISTI - CNR "&+!
http://meshlab.sourceforge.net/, "&"!
!"&#!
!"&$!


