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Figure A7: Traditional morphometrics measurements. Scheme follows Grine 
et al (2006). The 46 measurements are described in Table 1. b=basioccipital, 

bt, basioccipital tuber, f=frontal, ip=interparietal, j=jugal, l=lacrimal, 
m=maxilla, n=nasal, p=parietal, pa=palatine, pe=periotic, pm=premaxilla, 

prf=prefrontal, prp=preparietal, po=postorbital, pof=postfrontal, 
ps=parasphenoid, pt=pterygoid, qu=quadrate, sm=septomaxilla, 

soc=supraoccipital, sq=squamosal, t=tabular, v=vomer.  
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Figure A8: Frequency distribution of specimen size. Skulls are parsed among 
10mm bins. Specimens measured by Grine et al. (2006) (dark gray) are 

differentiated from specimens measured in this study (light gray). BCL was 
not measureable for all skulls in this study. Qualitative study suggested that, 
most unmeasureable skulls would fall somewhere in the 100-150mm range, 

so the distributions are much the same between studies. 
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Figure A9: Regression analysis of measurements used in the PCA of 
traditional data. Graphs on the left show data in the original logged 

form. Graphs on the right show data transformed to allow direct 
comparison to the Grine et al. (2006) measurements. Grine data is in 

blue diamonds. Camp data is in red squares. Regression line for 
entire dataset is in black. 
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Figure A9 continued. 
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PC  Eigenvalue  % variance  
1  0.12567  73.382  
2  0.02172  12.681  
3  0.01608  9.393  
4  0.00439  2.563  
5  0.00265  1.547  
6  0.00074  0.435  

 
Table A4: Results of PCA of 

specimen-optimized 
traditional measurement 

data. 
  



67 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table A5: Results of Kruskal-wallis test 

on significance of separation between 
species in traditional and geometric 

morphometric analyses. 
  

 PC/RW 1 PC/RW 2 PC/RW 3 
Traditional Measurement-optimized 
Adjusted H 5.357 1.167 2.881 
d.f. 1 1 1 
p value 0.021 0.280 0.090 
  Specimen-optimized 
Adjusted H 8.306 1.250 0.843 
d.f. 1 1 1 
p value 0.016 0.535 0.656 
Geometric Anterior     
Adjusted H 0.941 4.765 3.309 
d.f. 1 1 1 
p value 0.332 0.029 0.069 
  Dorsal 

 
  

Adjusted H 7.027 0.805 4.336 
d.f. 2 2 2 
p value 0.030 0.669 0.114 
  Lateral 

 
  

Adjusted H 7.208 4.006 1.686 
d.f. 3 3 3 
p value 0.070 0.260 0.640 
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Figure A11: PCA results for specimen-optimized traditional dataset. A-

C are the loadings for each PC. D is the screeplot showing the 
contribution each has to the result. E and F are PCA plots. 2 L. 

curvatus, 4 L. mccaigi, 6 L. murrayi, 11 L. declivis, and 3 L. sp. (See 
Figure 10 for color key.) 
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PC  Eigenvalue  % variance  
1  0.27725  48.889  
2  0.19100  33.680  
3  0.04276  7.541  
4  0.01887  3.327  
5  0.01585  2.794  
6  0.01150  2.026  
7  0.00342  0.603  
8  0.00305  0.537  
9  0.00191  0.337  
10  0.00114  0.201  
11  0.00030  0.053  
12  7.09000  0.013  

 
Table A6:  Results of PCA of 

measurement-optimized 
traditional measurement 

data. 
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Figure A12: PCA results for measurement-optimized traditional dataset. A-C 
are the loadings for each PC. D is the screeplot showing the contribution each 
has to the result. E and F are PCA plots. 1 L. curvatus, 1 L. mccaigi, 4 L. 
murrayi, and 9 L. declivis. (See Figure 10 for color key.)









74 

 

i Lambda 
  1 1.06850 
  2 7.57630 
  3 6.34930 
  4 4.33040 
  5 3.79410 
  6 2.66840 
  7 1.51170 
  8 1.30470 
  9 8.67690 

 10 6.07660 
 11 5.24850 
 12 3.58170 
 13 2.16680 
 14 1.45510 
 15 6.10300 
 16 2.56230 

 
Table A8: 

Eigenvalues of 
principal warps 

in anterior 
analysis. 
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LM# RC 
    1 0.17428 
    2 0.29594 
    3 0.01122 
    4 0.00358 
    5 0.01676 
    6 0.00392 
    7 0.09069 
    8 0.09581 
    9 0.00267 

   10 0.05304 
   11 0.04481 
   12 0.00147 
   13 0.09439 
   14 0.05068 
   15 0.02424 
   16 0.03064 
   17 0.00393 
   18 0.00129 
   19 0.00064 

 
Table A9: 
Relative 

landmark 
contribution 
for anterior 

analysis. 
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No. SV % Cum 
    1 0.33257 47.81

 
47.81%  

   2 0.19551 16.52
 

64.33%  
   3 0.15363 10.20

 
74.53%  

   4 0.12184 6.42% 80.95%  
   5 0.10289 4.58% 85.53%  
   6 0.09005 3.51% 89.03%  
   7 0.07866 2.67% 91.71%  
   8 0.07187 2.23% 93.94%  
   9 0.06474 1.81% 95.75%  

  10 0.04711 0.96% 96.71%  
  11 0.04497 0.87% 97.58%  
  12 0.04305 0.80% 98.39%  
  13 0.03879 0.65% 99.04%  
  14 0.02729 0.32% 99.36%  
  15 0.02497 0.27% 99.63%  
  16 0.01931 0.16% 99.79%  
  17 0.01349 0.08% 99.87%  
  18 0.01188 0.06% 99.93%  
  19 0.00974 0.04% 99.97%  
  20 0.00769 0.03% 99.99%  
  21 0.00343 0.01% 100.00

  
Table A10: Singular values and 

percent explained by relative 
warps in anterior analysis. 
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Figure A13: RWA plots of the anterior analysis with thin plate splines. A-
C=all specimens included: A: RW 1 vs RW 2; B: RW 1 vs RW 3; C: RW 2 vs 
RW 3; D-F= L. mccaigi removed; G-I= Chinese Lystrosaurus removed; J-L= 

L. curvatus removed. Thin plate splines in A indicate the mean shape of each 
group. Thin plate splines in B and C show the extremes of each of the first 
three relative warps. Thin plate splines in J show the means of L. declivis 
and L. murrayi when all other groups are removed from the analysis. Thin 

plate splines show the right side of the facial region.  
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Figure A13 continued.
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Figure A13 continued. 
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i Lambda 
  1 1.06850 
  2 7.57630 
  3 6.34930 
  4 4.33040 
  5 3.79410 
  6 2.66840 
  7 1.51170 
  8 1.30470 
  9 8.67690 

 10 6.07660 
 11 5.24850 
 12 3.58170 
 13 2.16680 
 14 1.45510 
 15 6.10300 
 16 2.56230 

 
Table A12: 

Eigenvalues of 
principal warps 

in dorsal 
analysis. 
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LM# RC 
    1 0.17428 
    2 0.29594 
    3 0.01122 
    4 0.00358 
    5 0.01676 
    6 0.00392 
    7 0.09069 
    8 0.09581 
    9 0.00267 

   10 0.05304 
   11 0.04481 
   12 0.00147 
   13 0.09439 
   14 0.05068 
   15 0.02424 
   16 0.03064 
   17 0.00393 
   18 0.00129 
   19 0.00064 

 
Table A13: 

Relative 
contribution 

of each 
landmark in 

dorsal 
analysis. 
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No. SV % Cum % 
   1 0.33257 47.81% 47.81%  
   2 0.19551 16.52% 64.33%  
   3 0.15363 10.20% 74.53%  
   4 0.12184 6.42% 80.95%  
   5 0.10289 4.58% 85.53%  
   6 0.09005 3.51% 89.03%  
   7 0.07866 2.67% 91.71%  
   8 0.07187 2.23% 93.94%  
   9 0.06474 1.81% 95.75%  

  10 0.04711 0.96% 96.71%  
  11 0.04497 0.87% 97.58%  
  12 0.04305 0.80% 98.39%  
  13 0.03879 0.65% 99.04%  
  14 0.02729 0.32% 99.36%  
  15 0.02497 0.27% 99.63%  
  16 0.01931 0.16% 99.79%  
  17 0.01349 0.08% 99.87%  
  18 0.01188 0.06% 99.93%  
  19 0.00974 0.04% 99.97%  
  20 0.00769 0.03% 99.99%  
  21 0.00343 0.01% 100.00% 

 
Table A14: Singular values and 

percent explained by each 
relative warp in dorsal analysis. 

 
  



86 

 

 
 
Figure A14: RWA plots of the dorsal analysis with thin plate splines. A-C=all 
specimens included: A: RW 1 vs RW 2; B: RW 1 vs RW 3; C: RW 2 vs RW 3; 
D-F= Lystrosaurus species only; G-I= Chinese Lystrosaurus removed; K-L= 

L. curvatus removed. Thin plate splines in A indicate the mean shape of each 
group. L. murrayi and L. declivis have very similar means and are here 

represented by the same thin plate spline. Thin plate splines in B and C show 
the extremes of each of the first three relative warps. Thin plate splines show 

the left side of the roof of the skull. 
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Figure A14 continued. 



88 

 

 
 

Figure A14 continued. 
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i   Lambda 
  1 9.73740 
  2 7.47530 
  3 6.44970 
  4 5.68410 
  5 3.83250 
  6 3.34770 
  7 2.64780 
  8 2.43920 
  9 2.00820 

 10 1.78010 
 11 1.48590 
 12 1.10690 
 13 1.01530 
 14 7.96240 
 15 5.70110 
 16 3.99350 
 17 2.98140 
 18 1.64230 
 19 1.01540 
 20 3.86630 
 21 2.44740 

 
Table A16: 

Eigenvalues of 
principal warps in 
lateral analysis. 
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LM# RC 
    1 0.02672 
    2 0.00661 
    3 0.07282 
    4 0.16098 
    5 0.02723 
    6 0.01442 
    7 0.01095 
    8 0.03202 
    9 0.00290 

   10 0.09568 
   11 0.11687 
   12 0.04639 
   13 0.00901 
   14 0.00750 
   15 0.02393 
   16 0.00751 
   17 0.00586 
   18 0.06552 
   19 0.02113 
   20 0.02826 
   21 0.03501 
   22 0.16010 
   23 0.01026 
   24 0.01232 

 
Table A17: 

Relative 
contribution 

of each 
landmark in 

lateral 
analysis. 
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No. SV % Cum % 
   1 0.43760 50.22% 50.22%  
   2 0.23725 14.76% 64.98%  
   3 0.18357 8.84% 73.82%  
   4 0.15698 6.46% 80.29%  
   5 0.12688 4.22% 84.51%  
   6 0.11538 3.49% 88.00%  
   7 0.11094 3.23% 91.23%  
   8 0.10577 2.93% 94.16%  
   9 0.08437 1.87% 96.03%  
  10 0.05981 0.94% 96.97%  
  11 0.05475 0.79% 97.75%  
  12 0.04496 0.53% 98.28%  
  13 0.04120 0.45% 98.73%  
  14 0.03518 0.32% 99.05%  
  15 0.03017 0.24% 99.29%  
  16 0.02609 0.18% 99.47%  
  17 0.02296 0.14% 99.61%  
  18 0.02104 0.12% 99.72%  
  19 0.01710 0.08% 99.80%  
  20 0.01615 0.07% 99.87%  
  21 0.01384 0.05% 99.92%  
  22 0.01166 0.04% 99.96%  
  23 0.00912 0.02% 99.98%  
  24 0.00699 0.01% 99.99%  
  25 0.00490 0.01% 100.00%  
  26 0.00380 0.00% 100.00% 

 
Table A18: Singular values 
and percent explained by 
relative warps in lateral 

analysis 
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Figure A15: RWA plots of the lateral analysis with thin plate splines. A-C=all 
specimens included: A: RW 1 vs RW 2; B: RW 1 vs RW 3; C: RW 2 vs RW 3; 
D-F= minus the two Indian specimens; G-I= L. curvatus, L. declivis, and L. 

murrayi; J-L= L. declivis only. Thin plate splines in A indicate the mean 
shape of each group. L. curvatus and the Chinese Lystrosaurus have very 

similar means and are here represented by the same thin plate spline. Thin 
plate splines in B and C show the extremes of each of the first three relative 

warps. Thin plate splines in J demonstrate the difference between the 
smooth and boxy morphs of L. declivis. Adults were chosen to represent in 

morphotype. Thin plate splines show the snout in profile facing left. 
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Figure A15 continued. 
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Figure A15 continued. 
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Figure A16: Smooth morphotype of Lystrosaurus declivis. Boxy morph is 
shown in Figures 4D and 5D. Anterior projection into orbit is only present on 

one side and may be pathogenetic.  
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Figure A17: Transverse frontal and nasal-frontal ridges in Lystrosaurus. On 
the left is a specimen of L. murrayi and on the right is L. hedini (photo credit 

to Ken Angielcyzk). The anterior frontal suture is outlined in a solid black 
line, the frontal-nasal ridge in a dashed line, and the transverse frontal ridge 

in a dotted line.  
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APPENDIX B 
 

Specimen Museum 
number 

Previous 
diagnosis 

This 
study 

Variables 
measured 

Basal 
cranial 
length 

Locality Geologic 
age 

1 AMNH 
1993 

L. 
murrayi 

L. 
declivis 

8 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

2 AMNH 
 2446a 

L. 
murrayi 

7 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

3 AMNH  
2446b 

L. 
declivis 

11 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

4 AMNH 
5581 

L. cf. 
murrayi 

L. sp 7 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

5 AMNH 
5627 

L. 
latirostris 

L. sp 9 ___ Harrismith, 
Cape 
Colony, SA 

Induan, 
Lower 
Triassic 

6 AMNH 
5629 

L. 
murrayi? 

L. sp 7 ___ Cape 
Colony, SA 

Induan, 
Lower 
Triassic 

7 AMNH 
 7725 

L. 
murrayi 

29 148.5 SA? Tartarian, 
Upper 
Permian? 

8 AMNH 
8243 

L. cf. 
declivis 

L. 
murrayi 

9 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

9 AMNH  
8244 

L. 
murrayi 

6 ___ Clifford, 
Harrismith, 
SA 

Induan, 
Lower 
Triassic 

10 AMNH  
8245a 

L. sp 5 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

11 AMNH  
8245b 

L. sp 2 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

12 AMNH  
8246 

L. 
curvatus 

10 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

 
Table B1: Specimens used in traditional and geometric analyses. 
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Specimen Museum 
number 

Previous 
diagnosis 

This 
study 

Variables 
measured 

Basal 
cranial 
length 

Locality Geologic 
age 

13 AMNH  
8247 

L. 
curvatus 

9 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

14 AMNH 
8248 

L. cf. 
declivis 

L. 
declivis 

16 110.2 Clifford, SA Induan, 
Lower 
Triassic 

15 AMNH  
8249 

L. sp. 4 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

16 AMNH  
8250 

L. 
murrayi 

21 ___ Clifford, 
Harrismith, 
SA 

Induan, 
Lower 
Triassic 

17 AMNH 
20882 

L. 
murrayi 

L. 
murrayi 

5 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

18 AMNH 
20883 

L. 
mccaigi 

L. 
mccaigi 

8 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

19 AMNH 
20884 

L. 
murrayi 

L. 
curvatus 

15 132 Harrismith, 
SA 

Induan, 
Lower 
Triassic 

20 AMNH  
20885 

L. sp. 2 ___ Bethulie, 
SA 

Tartarian, 
Upper 
Permian 

21 AMNH 
24200 

L. 
mccaigi 

L. 
mccaigi 

11 ___ Shank 
Peak, Ant. 

Induan, 
Lower 
Triassic 

22 AMNH 
24205 

L. 
curvatus 

L. 
curvatus 

2 ___ Collison 
Ridge, Ant. 

Induan, 
Lower 
Triassic 

23 NMNH  
12688 
 

L. 
declivis 

27 127 SA? Induan, 
Lower 
Triassic 

24 NMNH 
12690 
 

L. 
murrayi/
L. declivis 

L. 
declivis 

36 144.43 near 
Harrismith, 
SA 

Induan, 
Lower 
Triassic 

25 NMNH  
12693 
 

L. sp. 2 ___ SA? ? 

 
Table B1 continued. 
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Specimen Museum 
number 

Previous 
diagnosis 

This 
study 

Variables 
measured 

Basal 
cranial 
length 

Locality Geologic 
age 

26 NMNH 
23349 

L. 
murrayi 

L. 
murrayi 

41 120.41 Die Hoek, 
Loskop, SA 

Tartarian, 
Upper 
Permian 

27 NMNH  
336440 
 

L. 
declivis 

10 ___ SA? Induan, 
Lower 
Triassic 

28 NMNH 
407655 

L. declivis L. 
declivis 

10 ___ Tweeth, 
Graaf, 
Reinet, SA 

Induan, 
Lower 
Triassic 

29 NMNH  
410297 
 

L. sp. 1 ___ SA? ? 

30 NMNH  
410299 

L. 
murrayi 

8 ___ Die Hoek, 
Natal, SA 

Induan, 
Lower 
Triassic 

31 NMNH  
412391 
 

L. sp. 5 ___ SA? ? 

32 NMNH  
412443 
 

L. sp. 2 ___ SA? ? 

33 NMNH  
412445 
 

L. sp. 12 ___ SA? ? 

34 NMNH 
412474 
 

L. 
murrayi 

L. 
murrayi 

8 ___ SA? Induan, 
Lower 
Triassic 

35 NMNH 
412477 
 

L. 
murrayi 

L. 
declivis 

39 115.99 SA? Induan, 
Lower 
Triassic 

36 NMNH 
412482 
 

L. 
curvatus 

L. sp. 18 ___ SA? ? 

37 NMNH  
451999 

L. sp. 1 ___ SA? Induan, 
Lower 
Triassic 

38 UCMP  
31355 

L. 
murrayi 

2 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

 
Table B1 continued. 
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Specimen Museum 
number 

Previous 
diagnosi
s 

This 
study 

Variables 
measured 

Basal 
cranial 
length 

Locality Geologic 
age 

39 UCMP 
31357 

L. 
murrayi 

L. sp. 1 ___ Harrismith, SA Induan, 
Lower 
Triassic 

40 UCMP 
31358 

L. 
murrayi 

L. sp. 12 ___ SA? Induan, 
Lower 
Triassic 

41 UCMP  
31359  
V36115 

L. 
murrayi 

6 ___ Harrismith, SA Induan, 
Lower 
Triassic 

42 UCMP 
31359 
V65341 

L. 
murrayi 

L. sp. 2 ___ Orange Free 
State, SA 

Induan, 
Lower 
Triassic 

43 UCMP 
31360 

L. 
murrayi 

L. sp. 5 ___ Orange Free 
State, SA 

Induan, 
Lower 
Triassic 

44 UCMP  
42694 
 

L. 
murrayi 

15 136.6 Edendale,  
Cape Province,  
SA 

Indian, 
Lower 
Triassic 
 

45 UCMP  
42698 
 

L. 
murrayi 

18 ___ Cape Province,  
SA 

Induan, 
Lower 
Triassic 
 

46 UCMP  
42707 

L. sp. 1 ___ Wilgersbosch, 
New Bethesda, 
SA 

Induan, 
Lower 
Triassic 

47 UCMP  
42709 
 

L. 
murrayi 

8 ___ Ant.? Induan, 
Lower 
Triassic 

48 UCMP  
42860 
 

L. sp. 2 ___ Boschett 
Donga, 
Harrismith, SA 

? 

49 UCMP  
42870 
 

L. 
declivis 

23 106 Wanderkrantz, 
Harrismith, SA 

Induan, 
Lower 
Triassic 

50 UCMP  
42895 

L. sp. 6 ___ Orange Free 
State, SA 

Induan, 
Lower 
Triassic 

51 UCMP  
42908 

L. 
declivis 

4 ___ Harrismith, SA Induan, 
Lower 
Triassic 

 
Table B1 continued. 
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Specimen Museum 
number 

Previous 
diagnosis 

This 
study 

Variables 
measured 

Basal 
cranial 
length 

Locality Geologic 
age 

52 UCMP 
124858 

L. mccaigi L. 
mccaigi 

4 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

53 UCMP  
336440 

L. sp. 14 ___ SA? Induan, 
Lower 
Triassic 

54 BMNH 
36222 

P. 
latirostris 

L. 
declivis 

36 126.92 Renosterburg,  
Cape Colony, 
 SA 

Induan, 
Lower 
Triassic 

55 BMNH 
47064 
 

P. 
depressus 

L. 
declivis 

2 ___ Stylkrontz, SA Induan, 
Lower 
Triassic 

56 BMNH 
47342 

P. 
latirostris 

L. 
declivis 

32 103.19 Renosterburg,  
Cape Colony,  
SA 

Induan, 
Lower 
Triassic 

57 BMNH 
36221 
 

L. declivis L. 
declivis 

44 118.91 SA?  Induan, 
Lower 
Triassic 

58 BMNH 
36224 

L. murrayi small L. 
declivis? 

41 101.81 Renosterburg, 
 Cape Colony,  
SA 

Induan, 
Lower 
Triassic 

59 BMNH 
3754 and 
3749 

L. mccaigi L. 
mccaigi 

23 166.1 SA? Tartarian, 
Upper 
Permian 

60 BMNH 
47073 
 

L. murrayi L. 
murrayi 

12 ___ Cape Colony, 
 SA 

Induan, 
Lower 
Triassic 

61 BMNH 
2806 

L. 
platyceps 

L. 
mccaigi 

20 150 Tarka 
River,  
Cape 
Colony,  
SA 

Tartarian, 
Upper 
Permian 
 
 

62 BMNH  
8162 

L. 
curvatus
? 

29 65 Malpur State,  
India 

 
? 

64 BMNH 
36253 

L. murrayi L. 
declivis 

28 64 Renosterburg, 
Cape Colony, 
SA 

Induan, 
Lower 
Triassic 

65 BMNH  
7927 
 

L. 
declivis 

9 ___ Harrismith, SA Induan, 
Lower 
Triassic 

 
Table B1 continued. 
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Specimen Museum 
number 

Previous 
diagnosis 

This 
study 

Variables 
measured 

Basal 
cranial 
length 

Locality Geologic 
age 

66 BMNH  
7923 
 

L. declivis 7 ___ Harrismith,  
SA 

Induan, 
Lower 
Triassic 

67 BMNH  
7915 

L. declivis 
(L. 
mccaigi?) 

10 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

68 BMNH  
7899 
 

L. declivis 18 81.28 SA? Induan, 
Lower 
Triassic 

69 BMNH  
7901 
 

L. declivis 18 ___ Harrismith,  
SA 

Induan, 
Lower 
Triassic 

70 BMNH  
7891 
 

L. declivis 3 ___ Harrismith,  
SA 

Induan, 
Lower 
Triassic 

71 BMNH  
7894 
 

L. declivis 
or L. 
murrayi 

15 ___ SA? Induan, 
Lower 
Triassic 

72 BMNH  
7896 
 

L. 
mccaigi 

3 ___ SA Tartarian, 
Upper 
Permian 

73 BMNH  
7889 
 

L. 
curvatus 

17 ___ Harrismith,  
SA 

? 
 

74 BNMH  
6761 
 

L. declivis 
or L. 
murrayi 

10 ___ SA Induan, 
Lower 
Triassic 

75 BMNH  
6760 
 

probably 
L. 
mccaigi 

32 94.05 SA Tartarian, 
Upper 
Permian 

76 BMNH  
5710 
 

L. 
murrayi 

23 110.07 Harrismith,  
SA 

Induan, 
Lower 
Triassic 

77 BMNH  
7942 
 

L. sp 8 ___ SA ? 

78 BMNH  
5409 
 

L. declivis 6 ___ SA? Induan, 
Lower 
Triassic 

 
Table B1 continued. 

 

 



107 

 

Specimen Museum 
number 

Previous 
diagnosis 

This 
study 

Variables 
measured 

Basal 
cranial 
length 

Locality Geologic 
age 

79 BMNH  
3757 
 

L. 
mccaigi 

8 ___ Harrismith,  
SA 

80 BMNH 
1291 

L. 
murrayi 

L. 
murrayi 

19 ___ Cape 
Province, 
SA 

Induan, 
Lower 
Triassic 

81 BMNH 
6800 

L. sp probably 
L. declivis 

18 ___ Harrismith, 
SA 

Induan, 
Lower 
Triassic 

82 BMNH 
rajurkari 

L. 
rajurkari 

L. 
murrayi 

31 ___ Bagjata, 
West 
Bengal, 
India 

Induan, 
Lower 
Triassic 

83 BMNH 
3792 
 

L. 
curvatus 

L. 
curvatus 

16 ___ Elandsberg,  
SA 

84 BMNH 
6853 
 

L. 
curvatus 

L. 
curvatus 

16 ___ Harrismith,  
SA 

85 BMNH 
3597 
 

L. 
curvatus 

L. 
curvatus 

45 ___ SA  

86 BMNH 
3603 
 

L. 
mccaigi 

L. 
mccaigi 

12 ___ Tarka River,  
SA 

87 BMNH 
2805 
 

L. 
mccaigi 

L. 
mccaigi 

39  SA  
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Table B2: Traditional measurements of specimens in mm. 

 

 

Specimen 
number 

Museum 1 2 3 4 5 6 7 8 9 

23349 NMNH 120.41 74.82 38.33 6.07 32.24 35.88 10.59 12.02 48.32 
407655 NMNH  87.58        
412482 NMNH  44.93  4.02 17.36 19.23 10.35 19.04  
412477 NMNH 115.99 63.54 46.27 11.26 34.95 40.43 11.84 26.05 61.25 
336440 NMNH         76.8 
412443 NMNH    6.91      
412445 NMNH  61.06  5.77     45.98 
12690 NMNH 144.43 94.17 42.12 10.43 35.45  27.24  76.82 
12688 NMNH 127 91.82 37.5 8.94 26.65 33.89 10.15 12.52 69.46 
7725 AMNH 148.5 92.3 57.1 14.1      
5581 AMNH    6      
2446a AMNH         67 
2446b AMNH    10.8      
8248 AMNH 110.2 64.2 37 7.2      
8244 AMNH    6.2      
8243 AMNH  68.9  10      
8246 AMNH  81.3  5.2     41 
8245a AMNH    8.7      
8245b AMNH    8.2      
8250 AMNH    7 27.1 24.1    
20884 AMNH 132    32.1 29.4    
24205 AMNH    5.2      
31359  
V36115 

UCMP   44 11 49     

42694 UCMP 136.6 77.96 50.44 11.91 50.96  15.15  90.69 
42698 UCMP   44.83 9.74 59.64  16.02   
42709 UCMP    7.35 54.97  6.47   
336440 UCMP  55.31  12.34      
31355 UCMP    9      
31360 UCMP    11      
42908 UCMP       17   
42870 UCMP 106 62 44 6 35  12  55 
36222 BMNH 126.92 79.6 43.73 9.72 42.74 46.85 7.22 18.33 16.12 
47432 BMNH 103.19 64.74 32.77 7.69 38.8 41.43 15.79 26.23 12 
36221 BMNH 118.91 59.47 35.97 10.87 30.13 34.59 12.43 24.89 9.26 
36224 BMNH 101.81 64.77 29.54 5.85 25.75 28.25 8.77 11.47 11.99 
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Specimen 
number 

Museum 1 2 3 4 5 6 7 8 9 

36253 BMNH  46.64  8.08 19.42 24.83 10.87 22.55 6.4 
7899 BMNH 81.28    18.63 24.59 5.25 10.44 5.22 
7901 BMNH  48.81  4.65 22.95 23.1 11.67 15.99 21.62 
7889 BMNH  75.82  8.23 32.72 35.48 5.72 11.71 14.56 
6760 BMNH 94.05    18.6 20.6 16.41 18.4 25.89 
5710 BMNH 103.07 67.81 30.08 6.53 16.05 22.24 12.73 8.99 7.89 
7942 BMNH  105.07 54.87 18.15 43.01 49.19    
5709 BMNH    8.1      
3757 BMNH  111.31  8.5      
6800 BMNH    15.22      
rajurkari BMNH 150 89.29 62.51 9.57      
6853 BMNH 201.61 64.97        
3597 BMNH 185.44 109.47 44.09 16.03 61.15 70.42 9.22 37.26 9.85 
3603 BMNH    11.82      
2805 BMNH 264.95      9.21 23.28 19.03 
3754 BMNH  116  10.98 39.17 39.2    
47073 BMNH    6.41 37.31 39.67    
2806 BMNH 150 91.01  8.69      
8162 BMNH 65 50.79  5.88 15.66 19.39 13.5 34.98 1.68 
Specimen 
number 

Museum 10 11 12 13 14 15 16 17 18 

23349 NMNH 48.65 38.95 28.92 28.27 21.03 24.3 10.21 25.34 47.56 
407655 NMNH  44.67 51.46 65.95 34.17 39.66 14.82 63.21  
412482 NMNH 30.11 28.62 27.96      25.67 
412477 NMNH 62.34 30.98 44.02 35.62 29.13 25.7 24.72 49.44 49.61 
412474 NMNH  40 50       
336440 NMNH  43.38  17.12      
412445 NMNH  32.72 29.49 25.27     41.7 
410299 NMNH    48.77     110.34 
12690 NMNH   44.19 38.07 21.11 34.97 26.65 38.5 58.34 
12688 NMNH 73.48 36.88 42.34 39.94 26.37 23.92 25.47 38.46 51.47 
412391 NMNH    28.61      
5627 AMNH      20.19 26.02 32.34  
5629 AMNH      8.3 30.6 36.2  
1993 AMNH  34.6       34.3 
7725 AMNH   42.7 43 29 22 30 57 65.2 
5581 AMNH  36       33.2 
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Specimen 
number 

Museum 10 11 12 13 14 15 16 17 18 

2446a AMNH 64     24 46   
2446b AMNH  40 45.1 45 20 26.5 36  55 
8248 AMNH   42      42.2 
8247 AMNH  31 21      41 
8243 AMNH         44 
8246 AMNH 40 22.9       44 
8245a AMNH  44 36       
8250 AMNH  35.9 24.9  24.1 11.2  23.2 42 
8249 AMNH      24    
20883 AMNH         80 
20884 AMNH  26.3 28      52 
24200 AMNH   60 55 33.1 46.5 58 96.25  
31359  
V36115 

UCMP     26.5 27.5   52 

42895 UCMP  26 21 18 15 12    
42694 UCMP     37.5    53.64 
42698 UCMP   43.56  23.98 26.07   70.83 
42709 UCMP         68.42 
336440 UCMP   51.78 41.3 24.95 20.27 43.2  58.12 
31358 UCMP  31 33 33      
31360 UCMP  53       56 
42908 UCMP         84 
42870 UCMP  32 25 33.5 19 23.5 20.5 29 40 
36222 BMNH 88.59 37.92 45.05 34.39 14.59 21.27 45.72 67.69 80.37 
47342 BMNH 76.17 43.78 43.3 34.49 12.07 20.63 40.31 52.18 60.68 
36221 BMNH 80.42  52.59 36.56 16.71 26.09 48.41 48.21 66.01 
36224 BMNH 55.68 37.39  27 18.93 13.02 32.32 36.2 36.85 
3754 BMNH  89.23 79.39   43.17   70.51 
47073 BMNH      18.69    
2806 BMNH  69.99 63.66 17 11.33 47.75  58.04 44.47 
8162 BMNH 28.67 30.64 26.78 15.44 12.03 21.78 12.02 15.96 18.18 
36253 BMNH 62.27 30.42 38.91 31.3 15.94 23.04 41.51 43.21 44.08 
7927 BMNH  47.06 44.14 42.18 26.8    44.3 
7923 BMNH 51.27 32 36       
7915 BMNH  47.07 45.93  17.38 20.12  38.17 55.34 
7899 BMNH 47.92 27.76 30.73 14.7 10.11 10.54 18.44  38.08 
7901 BMNH 57.33   14.94  13.38  34.61 19.91 
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Specimen 
number 

Museum 10 11 12 13 14 15 16 17 18 

7891 BMNH         65.46 
7894 BMNH  32.22 33.17 27.86 13.23 19.69 24.21 46.97 55.82 
7896 BMNH   60.55      70.25 
7889 BMNH 48.09 33.55 35.76 28.61 15.96    39.62 
6761 BMNH  47.28 45.61 18     43.12 
6760 BMNH 46.8  27.94 35.52 14.15 21.5 9.05 21.05 38.65 
5710 BMNH 59.06 32.34 24.89 24.89 13.08 13.37 25.77 27.85 45.33 
7942 BMNH         63.1 
5409 BMNH         69.4 
3757 BMNH   90.22   50.5   66.73 
1291 BMNH   46.63 22  28.03   91.7 
6800 BMNH  55 60 56 33 36.19   82.72 
rajurkari BMNH 103.95 48.33  46.2 32.52 35.05 61.03 53.54 84.23 
3792 BMNH  62.06 73.81 47.18 33.43 35.81 22.44 40.85  
6853 BMNH  66.83 39.89      66.78 
3597 BMNH 102.45 77.66 75.72 46.82 30.46 45.15 36.7 65.95 65.24 
3603 BMNH   110.49 63.37  73.66   84.15 
2805 BMNH 203.25 98.36 98.36 90.72 49.91 67.66 71.66 133.0

1 
74.17 

Specimen 
number 

Museum 19 20 21 22 23 24 25 26 27 

23349 NMNH 61.51 21.84 56.3 75.2 62.99 39.67 24.25 106.0
4 

108.9
4 

412482 NMNH  17.46   38.52 23.6 17.63 62.5  
412477 NMNH 75.44 32.4 85.93  48.03 50.42 24.99  150 
412474 NMNH 79.17 36.97   20.89 53.44    
336440 NMNH 88.16 32.12 64.56    27.43   
412445 NMNH  25.91     18.33   
410299 NMNH 130.58 68.48 137.82       
12690 NMNH 73.86 29.18 72.56 95.91  55.44 24.97 137.6 99 
12688 NMNH 79.93 33.25 65.11 97.6   24.11   
412391 NMNH 64.2 27.39        
5627 AMNH  29.55        
5629 AMNH  27        
1993 AMNH 52.1    49.1 32.2 14.4 80.4  
7725 AMNH 106.4 41.2 110 123  37.2    
5581 AMNH 49.5      22.5   
2446a AMNH  28        
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Specimen 
number 

Museum 19 20 21 22 23 24 25 26 27 

2446b AMNH 64 36        
8248 AMNH 57 28.2   58 32 17.3 42  
8247 AMNH 53 25   48 34 12 84  
8244 AMNH 4.5 24.5     18   
8243 AMNH 70 31.4     22   
8246 AMNH 47.2      27.2   
8245b AMNH       19   
20882 AMNH  36.6 78       
8250 AMNH 65 24.8 52.3 85 47 35 27 100.2  
8249 AMNH  26.5        
20883 AMNH 118.1 41.2 90    40.1   
20884 AMNH 71    61.55 44 30 113.2 19.2 
24200 AMNH  45 89.8       
42895 UCMP 32         
42694 UCMP 85.59  38.45  76.92  76.79  33.68 
42698 UCMP 87.55 29.88 70.62  77.42     
42709 UCMP 96.03      39.4   
336440 UCMP 86.75 41.58 86.94    23.82   
42707 UCMP 54         
31355 UCMP       34   
31357 UCMP        127  
31360 UCMP 75      23   
42860 UCMP 49 24        
42908 UCMP 98 44        
42870 UCMP 55 23 51  46 33 20 84  
36222 BMNH 98.98 35.01 81.74  70.73 60.06 36.77 68.57 159.28 
47064 BMNH 94.78 39.75        
47342 BMNH 71.9 26.14 63.58 66.68   32.08 144.2  
36221 BMNH 91.21 30.23 68.04 42.88 62.69 63.95 29.53 6 156.1 
36224 BMNH 48.94 20.86 51.29 27.89 30.9 49.15 22.7 87.01 39.52 
3754 BMNH 138.74 53.38 160.16    62.7   
47073 BMNH   42.35    29.44   
2806 BMNH 88.04 39.48 102.96    47.9   
8162 BMNH 35.9 13.65 36.93 49.94 43.35 22.49 53.5 15.76 53.43 
36253 BMNH 53.47 17.42 57.84 60.9 48.42 30.72 19.88 86.32 87.22 
7927 BMNH 64.58 31.76 32.94      112.92 
7923 BMNH 55.73 19.32 53.26 35.4      
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Specimen 
number 

Museum 19 20 21 22 23 24 25 26 27 

7915 BMNH 73.5 29.67 70.27  69.04 63.58 27.07 70.01 75.71 
7899 BMNH 50.12 21.91 23.2    17.8   
7901 BMNH 47.15 22.34 20.66  33.5  8.38 40.74  
7891 BMNH 26.64 50.56        
7894 BMNH 57.54 23.76 46.12   29.91 76.82   
7896 BMNH 98.57         
7889 BMNH 55.32 25.91 24.68    24.45   
6761 BMNH 51.98 26.9 28.08 81.42     95.27 
6760 BMNH 47.47 21.02 20.38    18.95  46.82 
5710 BMNH 55.37 25 54.43 59.98   19.45   
7942 BMNH 45.74      36.88   
5409 BMNH 45.32 34.9 67.27    32.43   
3757 BMNH 124.72 35.73 118.75       
1291 BMNH 101.46 32.67 82.5    31.93  198.78 
6800 BMNH 125.69 40.55 44.39    37.42   
rajurkari BMNH 104.22 35.26 78.84 119.34 95.76 84.82 31.4 177.91 181.5 
3792 BMNH 104.46 47.04 103.52       
6853 BMNH 88 36.76 92.84   73.27 57.82 186.52  
3597 BMNH 104.84 35 39 104.94 87.73 74.05 50.83 166.58  
3603 BMNH 168.3    88.43  60.65   
2805 BMNH 127.96 48.41 108.04 108  71.82 52.71 178.7 67.04 
Specimen 
number 

Museum 28 29 30 31 32 33 34 35 36 

23349 NMNH          
412482 NMNH          
412477 NMNH 104.5 61.69 25.14 11.96 21.05 51.19 25.92 80.59 26.16 
336440 NMNH         17.59 
412445 NMNH         8.86 
410299 NMNH         11 
12690 NMNH   23.54   47.31 34.01 78.25 16.25 
12688 NMNH   19.72      20 
5627 AMNH   22.2 6.72     21.5 
5629 AMNH         7.4 
1993 AMNH 60         
7725 AMNH  50  14.1 20.2 61.4  96.2 22.15 
8248 AMNH   20 7 12.4 39    
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Specimen 
number 

Museum 28 29 30 31 32 33 34 35 36  

8243 AMNH         11  
20882 AMNH         29  
8250 AMNH         10  
20883 AMNH         24  
20884 AMNH 67.8  28.3   33.4     
24200 AMNH         31  
42698 UCMP   23.05 9.45 24.83      
124858 UCMP         39  
42870 UCMP   17        
36222 BMNH  77.17 22.35 13.2 17.21 56.91 42.19 106.62   
47342 BMNH  63.11 19.15 11.42 18.05 54.48 24.37 83.08   
36221 BMNH 98.72 65.38 23.12 15.09 20.1 54.24 29.36 85.75 33.72  
36224 BMNH 38.64 44.44 16.48 4.99 10.88 30.25 19.36 59.13 18.6  
47073 BMNH  70.28  15.26 18.56 24.62 48.98 76.96   
2806 BMNH         36.04  
8162 BMNH 50.96          
36253 BMNH 66.44          
7894 BMNH   23.21 6.45       
6761 BMNH 72.58          
6760 BMNH  16.98 9.36     56.93 12.26  
1291 BMNH 95.02 90.14 33.88 17 21.79 77.78 48.16 116.46   
6800 BMNH    23.07  48.75 75 124.33   
rajurkari BMNH 64.06  25.32 15.69 12.57 46.15 33.76 84.38  18.3 
3792 BMNH   30.91        
6853 BMNH   39.31        
3597 BMNH 96.36 91.22 34.35 15.86 26.67 80.04 47.17 126.69 20.27 21.56 
3603 BMNH   38.16 18.96 37.82 140.56     
2805 BMNH   46.29 17.89 29.79 108.29 81.07 190.22 10  
Specimen 
number 

Museum 37 38 39 40 41 42 43 44 45 46 

23349 NMNH   30.09   10.96 43.82  120.06  
407655 NMNH 22.47          
412482 NMNH  4.21 21.83        
412477 NMNH 14.35 10 33      125.88  
412474 NMNH  12.1 26.11       24.58 
410297 NMNH  6.67         
451999 NMNH  6.27         
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Specimen 
number 

Museum 37 38 39 40 41 42 43 44 45 46 

336440 NMNH  8.64 31.72        
412443 NMNH  4.03         
412445 NMNH  7.44 27.95       25.8 
410299 NMNH  18.33 68.12        
12690 NMNH  8.24 38.31 55.94 21.68 15.8 55.73 78.89 131.77  
12688 NMNH  7.81 38.04        
412391 NMNH  7.95 28.44        
5627 AMNH  6.3 35.2        
5629 AMNH  9.6 26.3        
7725 AMNH  11.6 56.5 49 33 19     
5581 AMNH  7.75 27        
2446a AMNH  6.95 45.9        
2446b AMNH  5         
8244 AMNH  6.5 33        
8243 AMNH  10.25 31.4        
8246 AMNH  4.2 30.6        
8245a AMNH  9.3 40.6        
20882 AMNH  13 45        
8250 AMNH 24.5 5.4 38        
8249 AMNH  6.45 36.1        
20883 AMNH  13.1 42        
20885 AMNH  10.55 30        
24200 AMNH  28 53        
24205 AMNH 14          
42694 UCMP  15.57         
42698 UCMP  13.82        23.05 
42709 UCMP   33.94        
336440 UCMP  11.68 43.39        
31358 UCMP  11 32 44 29 19 37 67 117 18 
31359  
V65341 

UCMP  11 50        

124858 UCMP 50 20 61        
36222 BMNH  11.45 47.1      126.92  
47342 BMNH  6.18 36.56        
36221 BMNH  11.1 30.82 45.09 40.41 9.45 38.92 76.08 123.44 22.3 
36224 BMNH  7.76 25.77   8.07 33.09  97.94 15.21 
3754 BMNH  24.24 62.74 61.69 42.74 26.82    36.54 
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Specimen 
number 

Museum 37 38 39 40 41 42 43 44 45 46 

2806 BMNH  14.62 53.82  32.79 14.11    31.27 
8162 BMNH  6.49 19.64        
3450 BMNH  19.59 66.38 66 55.77 10.11     
36253 BMNH   34.2        
6760 BMNH  7.51 21.91 27.17 27.68 8.78 30.45 48.37 89.27 13.49 
1291 BMNH  15.03 47.35        
6800 BMNH   49.36   25.6     
rajurkari BMNH  9.07 44.56      155.51  
3792 BMNH  11.31 51.8   74.74 52.83   29.59 
6853 BMNH  16.54 45.98      187.88 29.29 
3597 BMNH 40.7 15.09 85.43 67.04 55.36 17.24 75.12 118.94 175.5 34.53 
2805 BMNH 66  44.38 116.48 51.47 14.58 80.92 150.92  45.52 
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