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ABSTRACT 

The genus Kannemeyeria is one of the most important and distinctive taxa of the Triassic 

dicynodonts. It became the first Triassic dicynodont known to science, and thus forms the 

benchmark for the comparison of the evolution and morphology of other Triassic 

dicynodonts. An understanding of this genus forms an integral part of the biozonation of 

the Beaufort Group, and is pivotal in influencing the interpretation of the evolution, 

physiology and phylogenetic relationships of the Triassic dicynodonts. This study focuses 

on the detailed cranial morphology and relationships of the Kannemeyeria, and uses a 

rigorous morphological investigation as the basis for a meaningful elucidation of the 

functional and thus physiological aspects of this dicynodont. 

The descriptions demonstrate that variations related to the skull size, distortion or naturally 

occurring variation within the genus allow for the synonymy of the formerly recognised 

species K. latifrons Broom (1898; 1913), K. erithrea Haughton (1915) and K. wilsoni 

Broom (1937). This conclusion is further supported by the allometric analysis which 

cannot distinguish the variation observed in the holotypes with that occurring naturally 

within a growth series. Apart from the large specimen, the other smaller individuals are 

accommodated in the genus as different ontogenetic stages of the growth series 

represented by K. simocephalus Weithofer (1888). Several allometric variables show 

unusual patterns of development, indicating that Kannemeyeria can be subdivided into 

ontological classes, as juvenile and adult forms, separated from each other by a particular 

level of development. An age-related threshold level is suggested, and considered to 

represent an animal reaching sexual maturity. It is consequently proposed that the 

Kannemeyeria population was, at an age-related level, subdivided into sexually mature and 

immature groups but remained ecologically homogeneous. 

Both the descriptions and the allometric analysis of the species K. cristarhynchus Keyser 

& Cruickshank (1979) clearly indicate that it does not conform to the growth series of K. 

simocephalus and thus the differences observed between these two taxa are not constrained 

to size increases. Consequently, the recognition of the species K. cristarhynchus is 

considered valid. From the observations of the cranial morphology, tested using an 
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allometric analysis, generic and specific diagnoses are constructed for Kannemeyeria and 

its two African species. 

Several features of Kannemeyeria are discussed in a functional context. A corrugated 

horn-covered snout and large caniniform processes are considered to be associated with 

defence and posturing behaviour. Several features of the braincase also suggest herding 

behaviour. Kannemeyeria also has a slightly different occipital musculature arrangement 

than that proposed for many other dicynodonts. Most Kannemeyeria cranial features are 

related to its masticatory function. From the analysis of masticatory cycle it is clear that 

the jaw action is described via a single pivot-point, which in Kannemeyeria approached the 

original, primitive position of the jaw hinge. The vertical orientation of the articulation 

and this pivot-point ensured that the muscle action during second phase of mastication 

produced an upward crushing and grinding action instead of the typical fore-and-aft 

motion of many other dicynodonts. It also meant that the muscle force was at their 

maximum, and little or no energy was lost to translation of the moment arm at the jaw 

articulation. Consequently, the Kannemeyeria masticatory cycle was both highly effective 

and extremely efficient. The morphology, and resultant physiology, of Kannemeyeria 

skull is considered to represent the innovative foundation for much of the success of many 

of the later Triassic dicynodonts. 
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Figure 2. Drawing of the floor of the nasal cavity A, and ventral skull roof B of specimen 
BP/1/4648, abbreviations as on p. ix. 
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Figure 3. Dorsal view of specimen BP/1/S624, abbreviations as on p. ix. 
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K. simocephuilis dorsal & lateral views 3 

Photographs of the nasal cavity floor A and maxillary fovea of the right side of 
the nasal cavity B of BPI 114648; and the dorsal view of BPI 115624 C. 
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Figure 5. Dorsal A and lateral B views ofBP/ 1/1168, abbreviations as on p. ix. 
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Figure 6. Photographs of the dorsal A and lateral B views ofBPllIl168. 
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Figure 7. Dorsal A and lateral B views ofSAM/PKJl0555, abbreviations as on p. ix. 
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Figure 7. Photographs of the dorsal A and lateral B views ofSAM/PKJI0555. 
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Dorsal A and lateral B views ofNMQRll127, abbreviations as on p. ix. 
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Figure 10. Photographs of the dorsal A and lateral B views ofNMQRll127 
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Dorsal A and lateral B views ofPEI1199P (holotype of K. latifrons Broom 1913), 
abbreviations as on p. ix. 
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Photographs of the dorsal A and lateral B views of PEl 1199P (holotype of K. 
latifrons Broom 1913) .. 
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Figure 13. Dorsal A and lateral B views ofBP/1/4648, abbreviatioJ?s as on p. ix. 
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Figure 14. Photographs of the dorsal A and lateral B views of BP/1/4648. 
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Figure 15. Photographs of the dorsal A and lateral B views of BP/1/989. 
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Figure 16. Dorsal A and lateral B views of BPI 1/2092, abbreviations as on p. ix. 
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Figure 17. Photographs of the dorsal A and lateral B views ofBP1I12092. 
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Dorsal A and lateral B views of SAMIPKl30 17 (holotype of K. erithrea Haughton 
1915), abbreviations as on p. ix. 
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Figure 19. Dorsal A and lateral B views of BP/1/4523, abbreviations as on p. ix. 
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Figure 20. Photographs of the dorsal A and lateral B views of BP/1I4523. 
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Dorsal A and lateral B views of ELI 1 (holotype of K. wilsoni Broom 1937), 
abbreviations as on p. ix. 



A 

B 

Figure 22. 

K. simocephaills dorsal & lateral views 21 

Photographs of the dorsal A and lateral B views of ELiI (holotype of K. wilsoni 
Broom 1937). 
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Dorsal A and lateral B views of BPI 1/4524, abbreviations as on p. ix. 
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Figure 24. Photographs of the dorsal A and lateral B views of BPI 114524. 
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Figure 25. Ventral view of BP/1/5624, abbreviations as on p. ix. 

Figure 26. Ventral view ofBP/1/1168, abbreviations as on p. ix. 
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Figure 27. Photographs of the ventral views of BPI 1/5624 A and BP/l/l168 B. 
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Ventral view ofSAMIPK/10555, abbreviations as on p. ix. 
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Ventral view ofNMQR/1127, abbreviations as on p. ix 
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Figure 30. Photographs of the ventral views ofSAMIPKl10555 A and NMQRl1127 B. 
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Figure 31. Ventral view ofPEI1199P (holotype of K. latifrons Broom 1913), abbreviations 
as on p. IX. 

Figure 32. Ventral view of BP/1 /4648, abbreviations as on p. ix. 
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Figure 33. Photographs of the ventral views ofPE/1199P A and BP/1/4648 B. 
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Ventral view of BP/1/989. 
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Ventral view of SAM/PKl30 17 (holotype of K. erithrea Haughton 1915), 
abbreviations as on p. ix . 
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Figure 36. Ventral view of BPI 1/2092, abbreviations as on p. ix. 
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Figure 37. Ventral view of BP/1/4523, abbreviations as on p. ix. 
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Figure 38. Photographs of the ventral views of BPIl12092 A and BPIl/4523 B. 
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Ventral view of ELI 1 (holotype of K. wilsoni Broom 1937), abbreviations as on p. 
IX. 

Ventral view of BP/1/4524, abbreviations as on p. ix. 
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Figure 41. Photographs of the ventral views of ELI! A and BPIl/4524 B. 
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K. simocephalus occiput 35 
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Sphenethmoid region of SAMIPKl30 17, abbreviations as on p. ix. 

Occipital view of BP/1/5624, abbreviations as on p. ix. 
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Figure 44. Photographs of the dorsal surface of the basisphenoid A of BPI 115624 showing 
the dorsa l trough and the exit of the internal carotid canals; and the distal end of 
the quadrate complex of BP/1I5624 showing the stapedial facet and ligament 
attachment area B; and the occiput C of BP/1I5624. 
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Occipital view ofBP/1/1168, abbreviations as on p. ix, 
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Occipital view ofNMQRll127, abbreviations as on p, ix, 
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Figure 47. Photographs of the occipital views of BPIlIl 168 A and NMQRll127 B. 
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Figure 48. Occipital view of SAMlPKl30 17 (holotype of K. erithrea Haughton 1915), 
abbreviations as on p. ix. 
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Figure 49. Occipital view ofBP11I4523, abbreviations as on p. ix. 
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Figure 50. Occipital view of ELI 1 (holotype of K. wilsoni Broom 1937), abbreviations as on 
p. IX. 
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Figure 51. Photographs of the occipital views ofBP/1/4523 A and ELil B. 
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Dorsal A, lateral B and lingual C views of the lower jaw of BP/1 /5624, 
abbreviations as on p. ix 
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Figure 53. 

K. simocepha/us lower jaw 43 

Photographs of the dorsal A, lateral B and lingual C views of the lower jaw of 
BP1l/5624. 
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Dorsal A, lateral B and medial C views of the lower jaw of BP/1/4524, 
abbreviations as on p. ix. 
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Figure 55. 

K. simocephalus lower jaw 45 

Photographs of the dorsal A, lateral B and medial C views of the lower jaw of 
BP/1/4524. 
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Dorsal A and lateral B views of the lower jaw of SAMIPKJ30 17 (holotype of K. 
erithrea Haughton 1915), abbreviations as p. ix. 
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Dorsal A, lateral B and medial C views of the lower jaw of ELI 1 (holotype of K. 
wilsoni Keyser & Cruickshank), abbreviations as on p. ix. 
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Figure 58. 

K. simocephalus lower jaw 48 

Photographs of the dorsal A, lateral B and medial C views of the lower jaw of 
ELil. 
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Dorsal A and right lateral B view ofBPIl /3638 (holotype K. cristarhynchus 
Keyser & Cruickshank 1979), abbreviations as on p. ix. 
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Figure 60. Photographs of the dorsal A and right lateral B views ofBP1l/3638. 
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Figure 61. Ventral A and occipital B views of BP/1/3638 (holotype of K. cristarhynchus 
Keyser & Cruickshank 1979), abbreviations as on p. ix. 
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Figure 62. Photographs of the ventral A and occipital B views ofBP/l/3638. 
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Dorsal A, lateral B and medial C views of the lower jaw of BP/1/3638 (holotype 
of K. cristarhynchus Keyser & Cruickshank 1979), abbreviations as on p. ix. 
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Figure 64. 

K. cristarhynchus lower jaw 54 

Photographs of the dorsal A, lateral B and medial C views of the lower jaw of 
BP1l 13638. 
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Figure 65. Kannemeyeria skull measurements. A - dorsal view, B - ventral view, C - lateral 
view, D - occipital view. Views not drawn to the same scale, and not all variables 
are shown. 
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Figure 67. Further selected bivariate plots showing allometric-growth trends of the genus Kannemeyeria. 
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Cranial reconstructions of the skull of Kannemeyeria simocephalus. A-dorsal 
view, B - lateral view in revised orientation considered valid for this taxon (refer 
to Chapter 8). Abbreviations as on p. ix. 
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Cranial reconstructions of the skull of Kannemeyeria simocephalus. A - ventral 
view, B - occipital view, scale - 50mm. Abbreviations as on p. ix. 
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Figure 70. Cranial reconstruction of the dorsal - A and lateral - B views of the skull of 
Kannemeyeria cristarhynchus. Lateral view in revised orientation considered 
valid for this taxon (refer to Chapter 8). Abbreviations as on p. ix. 
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Cranial reconstructions of the skull of Kannemeyeria cristarhynchus A - ventral 
view, B - occipital view. Abbreviations as on p. ix. 
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Dorsal A and lateral B views of PVLl3465 (holotype of K. argentinensis 
Boneparte 1966), abbreviations as on p. ix. 
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Ventral A and occipital B views of PVLl3465 (holotype of K. argentinensis 
Boneparte 1966), abbreviations as on p. ix. 
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Lateral views of the lower jaw ofPVLl3465 (holotype of K. argentinensis 
Boneparte 1966), abbreviations as on p. ix. 
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Occiput of Kannemeyeria demonstrating major muscle insertion sites, illustrated 

as functional units. 

rcd.m - rectus capitis dorsalis major, rcd.mr - rectus capitis dorsalis minor, s.c -

semispinalis capitis, I.c - longissimus capitis, oc.c - obliquus capitis cranialis, rc.l 

- rectus capitis lateralis, d.m - depressor mandibulae, c-o - cleido-occipitalis. 

Scale - 50mm. 
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Figure 76. Diagrammatic representation of the Kannemeyeria external adductor musculature. 
AEL -lateral external adductor, AEM - medial external adductor. 
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Diagrammatic representation of the posterior adductor (P A), and the 
internal adductor musculature. PT - pterygoideus muscle. 
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Figure 78. Phase One of the Kannemeyeria masticatory cycle. 
A - elevation: primarily performed by the contraction of the external adductor muscles 
(AEL and AEM) to achieve the beak-bite between the anterior ends of the dentary and 
the alveolar border of the snout. B - depression: achieved by gravity and the contraction 
of the m. depressor mandibulae (Dm). Partial muscular control of the action is provided 
by a minor contribution from the pterygoideus musculature (Pt). Red arrows - traction 
lines indicating the muscle forces involved in the production of jaw movement during 
Phase One. Traction lines show maximal force at, or near, the main lever arm of the 
lower jaw (blue line). Green circles - arc described by the articulating surfaces of the 
lateral quadrate and articular condyles, and are apt to change their position determined by 
the position of the lower jaw during the cycle. Purple dot - actual pivot point of the 
entire lower jaw, which remains static regardless of the position the jaw assumes. 
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Force diagrams depicting the movements of the lower jaw during Phase One of 
the Kannemeyeria masticatory cycle. 
A - elevation, B - depression. Green circle - radius of bell-crank curve, determined by 
the point of action of the traction line of the depressor mandibulae (Dm, see text). The 
arc of action of the bell-crank circle matches the arc of action of the anterior end of the 
alveolar border of the lower jaw (Ab). P - pivot point of the lower jaw, around which the 
bell-crank circle operates. All traction lines (red arrows) are redrawn according to the 
pivot point and the bell-crank circle. They lie either tangential to this circle or pass 
through the circle and their force needs to be described via the Pythagorean Theorem (see 
text) . In actuality all muscle force is translated at the joint articulation but to a lesser or 
greater degree as shown by the force diagram. PtP - posterior pterygoideus fibres, PtA -
anterior pterygoideus fibres, Iaem - interception point of the medial external adductor 
muscle, Ipt - interception point of the anterior pterygoideus muscle fibres . 
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Phase Two of the Kannemeyeria masticatory cycle. 
A - postero-dorsal crushing and grinding action, resulting from the vertical force applied 
by the external adductor musculature (AEM and AEL), mediated by a small antero­
medial component from the pterygoideus musculature (PtA). B - antero-dorsal crushing 
and grinding action, resulting from the vertical force applied by the pterygoideus 
musculature (Pt), functionally subdivided into anterior and posterior fibre units. 
Mediated by a small posterior contribution from the external adductor muscles. The pivot 
point (purple dot) closely corresponds to the point of contact of the quadrate condyle 
with the articular recess. 
Red arrows - traction lines of the muscle forces involved in the movement of the lower 
jaw relative to the upper jaw when the mouth is effectively closed. 
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Force diagrams depicting the movements of the lower jaw during Phase Two of 
the Kannemeyeria masticatory cycle. 
A - postero-dorsal stroke, the traction lines of the external adductor muscles (red 
arrows) both lie nearly tangential to the circle around the pivot point (P) which reflects 
the smaller arc of action of the lower jaw of Phase 2. This radius is determined by the 
anterior fibres of the pterygoideus musculature (PtA). The upward and backward force of 
AEM and AEL pulls the lever arm of the lower jaw (P - Ab) firmly against the palatal 
pads of the upper jaw. B - antero-dorsal stroke, most of the force is exerted by the 
anterior and posterior (PtP) fibres of the pterygoideus musculature. The anterior fibres 
are nearly tangential to the bell-crank curve, whilst the traction line of the posterior fibres 
runs through the circle and is described by the Pythagorean Theorem, which matches the 
path of the traction line of the anterior fibres . The insertion point (Jpt) marks the point of 
action of the anterior fibres. 
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Masticatory cycle of Kannemeyeria. 
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STAGE 4 

Blue arrow - direction of movement of jaw joint, red arrow - direction of maximum applied force and thus direction of movement 
of the entire lower jaw, black arrows - progression of masticatory cycle from depression (Stage 1) to elevation (Stage 2) to 
orthal jaw action (Stages 3 & 4), and finally back to depression. 
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APPENDIX A 

A.I Materials and Methods 

A vast number of specimens, in various institutions, can be reliably attributed to the genus 

Kannemeyeria, but this study has attempted to produce an accurate rendering of the genus based 

on those specimens which best demonstrate the true characteristics of the genus. This means 

that from the large collection of material available the least distorted and best preserved 

specimens, which still reflect the variety of form and structure present in the genus, were chosen 

for examination. Holotypes of previously erected species, including those which were 

subsequently synonymised with established species, were chosen for study. A final factor 

influenced the composition of the sample size was the attempt to obtain as many specimens as 

possible from a single area, or closely related areas. This is of particular importance if 

allometric studies are to be performed on this sample group. 

Specimens broadly identifiable as belonging to the genus Kannemeyeria were determined and 

recognised from the genotype of Kannemeyeria simocephalus (HMV/8178), described by 

Weithofer in 1888, from Dwarsvlei farm Aliwal North District, South Africa, and currently 

housed in the Hofmuseum, Vienna. Although this holotype specimen was not available for 

study, a museum cast and photographs of the specimen was used for comparison and 

examination. The cast (BP/111129) revealed that this specimen was very incomplete lacking the 

entire left half of the skull, and much of the palate and braincase. Consequently, most 

observations of the elements of the palatal surface, nasal cavity and braincase of skulls 

diagnosed as Kannemeyeria have previously relied on descriptions of other dicynodonts 

(Pearson, 1924a). A meaningful description of the morphology of this genus must, therefore, be 

founded on the examination of well preserved referred material. As part of the recognition of a 

specimen as a member of the genus Kannemeyeria it is critical to investigate the nature and 

extent of the distortion suffered, these description are included in this section. 

Mechanical means of preparation of the specimen refers to the use of air-scribe tools tipped with 

a tungsten needle point, whereas occasional acid preparation is described in detail for those 

specimens where it was used. 
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A.2 List of Reference Specimens 

Specimen No. Taxon Description 

BPIl/296 Lystrosaurus Small, complete & well preserved skull & lower 

jaw. 

BP/1/300 Aulacephalodon A. baini Large well preserved and undistorted 

skull. 

BP/1/315 Pristerodon Small, complete skull. 

BP/1/555 Dicynodon Holotype of D. daptocephaloides Toerien 1955. 

Medium sized well preserved & complete skull. 

BP/I1766 A ulacephalodon Large well preserved & complete lower jaw. 

BPIl/878 Lystrosaurus Holotype of L. primitivus Small, complete skull 

& lower jaw. 

BP/1/2188 Dicynodon = Daptocephalus. Large skull, bilaterally 

compressed, but complete. 

BPI 1/2642 Pristerodon Small, well preserved & complete skull & lower 

jaw. Used by Crompton & Hotton (1967) to 

establish their model on dicynodont jaw cycle. 

BP/1/~532 Shansiodon A small to medium sized skull & lower jaw, 
5 

identified as a Shansiodon sp. by Hancox, 1998. 

BPI 1/4233 Dicynodon Large, well preserved & complete skull. 

BPIl/4545 Kannemeyeria Right caniniform process & tusk. 

BPIl/4675 Kannemeyeria Large, right caniniform & tusk. 

BPIl/4798 Lystrosaurus Small, well preserved & complete skull & lower 

jaw. 

BP/1/5287 Dicynodon = Daptocephalus. Large, complete skull with 

partial lower jaw. 

MACN1l8.055 Ischigualastia Holotype of I. jenseni Cox 1965. Large, nearly 

complete skull, partial lower jaw (uncatologued). 

PVLl3831 Vinceria Holotype of V. andina Boneparte 1967. Small, 

complete skull & lower jaw. Rio Mendoza 

Formation, Argentina. 

PVLl3832 Vinceria Small, sub-adult complete skull. 

Rl313 Kannemeyeria K. cristarhynchus large, well preserved & 

complete skull. 

RC/9 Dinanomodon Holotype of D. rubidgei Broom 1938. Large, near 

complete skull. 
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B.1 Log-Transformed Data for Allometric Analysis 

~V ..... " BP/1IIII PEl11tIP BP/1I2012 BP/1J4841 SAMl10111 .,,114123 BPl1I3a1 EU1 BPl1~ QRl1127 BPl1I1124 
va" • __ '. __ z ......... • .. _ ...... • ... . _ ..... z. ,. • z. z •• ~._ 
var2 2.1172713 2.34242211 2M2311 2.110l4I01 2.11 .... 1 2.143412178 2 .... 114 2.1.17 .. 17.. 2.177..... 2."124124 2.12131U3 
var3 2.1l1li701 2.10111 2.13147112 2 .... 1 .. 7 .. 11 2.1117 .. 1731 2.17 .... 1 2.72131371 2.71I00I34 2.7201113 2.1t41012 
var4 1.13341141 1.11227123 2.07.1.1 2.113M3H 2.1 ....... 2.2 .. 71311 2.1117_ 2.2717131 2.16110144 2.2717131 2.H717173 
va" 1."271713 2.07.1.1 2.1l13l24I 2.27 .... 1. UI1727IH 2,31.7_ 2.31311137 2.31311111 2.13441371 2.11211212 
vare 1.17201786 1.14831001 1.H1413 2.0374211 2.1271048 2.117317331 2.013421" 2.20111101 ,2.24303101 2.10720117 2.2717131 
var7 1.1011..... 1.1334 .. 41 1.11003 1.17201718 1.71100334 1.77111121 1 •• 17117 1.103 .... 1.I.20M8 1.71132IM 1.132I0Il1 
va" 1.1113021 1.11311311 1.112011 2.041312" 2.G113U13 2.1 ..... 1431 2.23044112 2.1tMI701 2.22271 ... 7 2.10037011 2.23l12l4I 
va" " 1.71100334 1.11227123 2.04121' 2.010II714 2.1'712072 2.110331_ 2.13033377 2.2l1li731 2.2I22tI07 2.13172017 2.31211212 
var10 2.271142 2.113M3H 2A0413372 2,4313137... 2.3111Il0l 2.12113101 2,3710l7Il 2.28411712 2A1112202 
var11 1.47712121 1.13147112 1.132101 1.I41Ot104 2. .... 1001 2.011110013 2.1...... 2.1271048 2.13033377 2.1271048 2.11221134 
var12 1 .... 20172 1.I232412t 1.113114 1.N804131 2.1_7101 2,,17117 .... 7 2.0IaIII3 2.21127211 2.23044112 2.2310411 2.27'7131 
var13 0.10308IIt 1.041313 1.30103 1.342422111 1.21127211 1.34242211 1.32221.21 1.3.021124 1.SI021124 
var14 1.1011 ..... 1.11321211 1.711171 1.84101104 1.1173321 1.161242101 1.12427121 1.I2M1113 1.I1122t01 1.11122108 1 ... 378783 
var11 1.4471.3 1.724278 1 •• 17117 1.11104131 2 1.1 .. 41211 1.11107101 2 1.7II32IM 2.0211113 
var18 

, 
1.17801121 1.20411_ 1,431314 1.31172714 1.342422111 1.1101_ 1 .... 1311.. 1.4471UOS 1.342422" 1.4471.3 

var17 1.23044812 1.117332 1.1731270 2.03342378 2.131720117 2.114312U 2.21741314 2.1430148 2.2121878 2.20411_ 
v.,.18 2.041313 1.13111121 2.1271048 2.110331_ 1.1.7127" 2.1_7101 2.24111217 2.08Il0l11 2.10037011 
v.,.18 1.38021124 1.70717 1 .... 23172· 1.13441141 2 2.0l27Il37 2.04131211 2.01307144 2 
var20 0.77811121 1.041S1211 1.30103 1.31172784 1.4471UOS 1.131478817 '1.72427.7 1.14408804 1.13147"2 1 .... 20172 1.1101384 
var21 1.113M3H 1.47712121 1.10111 1.12324828 1.13341141 1.748188027 1.81281338 1.13210811 1.740382" 1.77811121 1.17108128 
var22 0.84IOt804 0.11424211 1.071181 1.04131218 1.34242211 1.311727838 1,431SU78 1.38021124 1.31172714 1.07818121 1.342422" 
var23 1 1.14812804 1.230448 1.30103 1.21127211 1.342422881 1.317MOO1 1.32221121 1.38172714 1.21127211 1.30103 
var24 2.42180313 2._202122 2.I483l001 2 .... 70817 2.80314437 2 .... 131281 2.17'7838 
var21 '. 2.08110111 '2.1271048 2.32014828 2.148312174 2.37108788 2.33041377 2 ..... 3.248 : 2.32833188 
vam 1.13348848 1.711321831 1.832I0Il1 1.7 ... 7.... 1.78342711 1.80817117 
var27 1 .... 1311 .. 1."20M8 1.182271 2.11018171 2.13872017 2.114312111 2.11712072 2.11384331 2.07118121 2.24303101 2.181388 
var28 0.81424211 1.414873 1.13147882 1 .... 2388 1.1101384 1.8020l8Il 1.84341211 1.8020lIl' 1.74038288 
var2. 1.1787838 1.811'7 1.7.23.2 1.77811121 1.0121131 1.811218348 1.8110413' 1.10848102 1.'3111821 1.81211338 1.87108128 
var30 0.8020.... 1.41487331 1.11014 1 .• 108481 1,M34I211 1.802OIItt1 1.77811121 1.70717018 1.71100334 1 ..... 7 1.71800334 
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B.2 Statistical Results of Allometric Analysis: Bartlett's 'Best-Fit' Procedure 

_ .. iiM O.ut1'1 
0A12117 
.. .27142 .. .2147103271 
".17012 " •• 11131018 

II
· ,., '.' ".08HI ".04I2IH1 

',~ .. -.: .. , ~.14201 
. ".31132 ".311013_ 

. . .' ".12111 ... 0713471131 
0.81338 -1.3,_ 

-1A013S ·1.3 ..... 114 
-1.44t71 -1A1t811134 

_~ •• ::~= ::~~z:~: 
0.20lIl7 0.21311214 
.1.8111 -1.1.002877 
O.H3077 

.. .I0I04 ... 71141 ...... ' 
·1.13431 -1.122031721 
-1.02411 -1.010031067 
-1.08031 .... 1847m:s 
0.242711. 0.21l21li32 
1.112317 1.8 •• 33111 
0.42132. 0.43.202118 
0 .... 111 0."113711 
0.031813 
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O~11t41813 0.588812 0.825422849 
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Appendix 76 

B.3 Cranial Measurements. Variables (Var) 1 to 30 are explained in the text (Volume 1 Chapter 
7). All measurements are in millimetres, and represent the average of three independent 
readings. 

Sl2ecimen 

Variable BP/11989 BP/1/2092 BP/113638 BP/1/4523 BP/1/4524 BP/1/4648 BP/1/5624 PEl1199P QRl1127 EU1 SAMlPKl10555 

var1 85 224 360 355 386 268 412 198 403 385 32E 
var2 131 290 455 440 476 324 425 220 480 485 4~ 
var3 158 320 475 485 520 340 495 525 535 43E 
var4 43 120 205 182 226 130 185 96 190 190 157 
var5 46 120 207 230 231 144 225 216 242 189 
var6 47 93 124 147 175 109 190 89 128 162 134 
var7 32 36 64 60 78 47 68 43 61 80 52 
var8 36 78 170 153 167 110 172 82 126 158 122 
var9 52 112 135 155 196 115 225 96 137 193 154 
var10 187 245 270 235 130 295 184 332 254 
var11 30 68 157 125 135 70 142 34 134 134 12Ji 
var12 37 82 122 151 170 91 190 42 173 180 138 
var13 8 11 18 22 21 24 24 22 20 
var14 32 57 84 90 98 70 92 45 98 85 72 
var15 28 53 93 100 100 64 105 61 83 91 
var16 15 27 49 22 28 28 16 22 31 23 
var17 17 72 146 137 139 94 160 163 165 108 
var18 110 79 155 176 87 126 123 138 1~ 
var19 24 51 121 100 113 74 100 110 86 
var20 6 20 53 34 34 23 33 11 37 35 2E 
var21 13 32 65 56 55 42 75 30 60 68 42 
var22 7 12 27 23 23 11 22 9 12 24 22 
var23 10 17 25 22 23 20 20 14 18 21 1E 
var24 445 323 401 264 380 292 362 
var25 222 214 134 212 123 288 235 209 
var26 61 57 64 43 58 68 
var27 31 96 154 146 120 129 145 78 175 130 137 
var28 9 26 40 33 44 34 55 40 29 
var29 38 62 91 71 87 60 75 50 65 81 71 
var30 4 33 60 40 52 39 52 26 50 51 4~ 
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