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Chapter 2; li1eralurfl Rewtw 

surfaces and are responsible lor Ihe resorption of bone (Leeson and Leeson, 

1981: Cormack, 1987). 

Skeletal elements differ In structure and are termed long bones, short bones 

and flat bones Each bone type dlffer9 in shape and structure. Long bones 

(11mb bones) are typically cylindrical and elongated and are divided into the 

diaphysis, epiphyses end metaphyses The diaphysis forms the cylindrical shall 

and Ihe epiphyses are the regIOns al Ihe ends of the long booe The 

metaphyses are the transltklnal regions between the epiphyses and the 

diaphysis (Figure 2.2). Short bones are generally stout, cuboidal Of irregular in 

shape and flal bones Show an obvious preferential development WIthin a single 

plane or single curved surface. Each boos type grows differently and 

transitions do occur belween all three (e.g. nbs) (see Frandlon-Vieillot et al., 

1990b). 

OOI11pGCt bone 

"'-~ ll18d~alY cavIty 

parrost8um 

...... ,.". [ 
,,,,,,,,,. I 

L 

Fogur8 22. SchflmBl.c dIagram of H typICal non-mammahan Ioog bone In Ioogaud.nal 58Ctlon. 

showing the Yarlous IttgrOM 

22 
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can dis1tinguislhed as connpact or calnct~IIClus t.,. ... '''' ... , ... '''I\ 

no sp~~ce~s 

1 It snCIUld 

are f'nlnv~:lini,i:lJnt 

versa 

gerlenally retclinEIO even 

are 

is 

1 v .::":,1 a J. as citnate, silic:on I 

1 

1 

borles are as~peslsed !:II"'I"·nrr1linn 

U::;:::iUt:: orglaniisa1tiorls seen is cla:ssif'led """',r""'w·riir .... 

which is deIDO!site,d uJhcr'o 

9 from the meduillary to the n", .. innA'·"1 
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an eXI)lallation 

are Ui;)'oIaIIY MIVI. • ..,""I.I 

indicat~:ls a 

corltaiin some 

10 secondlary bone that may reolace nrlrn~:II"V bone 
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Figure 2.3 A 5d>emallC dU"1n.m of " __ se IOC!OOOS hough the modah8lt of .. lomb bone. 

shcMIng mnal bone tA) and azoolll bone IB~ (a) to (h) represeot !he doff •• nt vascuiM 

.,.angemenl5 UliiI may be foInI .. bone h550e. (a) II more commonly associated with !he 

bor>e I)'P8 foIn:j n A, Ilowever .,y of Ihott vascthr organolahons (Irom la) to (1'1)) met occur 

with", either lonal {AI or ala",,1 bOne (8), CombJn.illlOnl 01 the OI"g8flUlahoos may also OCC'Ir 

WIthIn an nctMduei bone (a). ample vascular canal a'T.rogemeot (b), Iong,I...:!,"81 prllT1sry 

O$leonal amlngema'll. Ie), longitudillSl primary OSleonai arrangement oriented ~ radQiI ro~; 

(d), klngitudll'\8l primary OSleons " crcuiar rows; (e). ~lnar arHI<1gemenl; (f), pIe~lform 

.... engeman!, (g), r&dlallng "fTangeman!; (h), ,etk:ula, ."ang.mom Al;e'olion.-y bo"" • 

reprelieoted .. peripherll ,"I lines ill the outer margin of B. M indk:atel medulllll)l alYlly 
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Chapter 2: Literature Review 

(iii) Types of Bono Tissue 

(a) Lamellar Bone Tissue 

This bone tissue, characterised by a lamellar bone matrix, IS usuall~ 

poorty vasculansed (Francillon-Vieillot ct ai , 1990b; Reid, 1996), 1\ is 

frequently associated with zonal bone tissue (see section 2,31 iv-a) 

although it may occur azonally as well 

(b) Woven-fibred Bone Tissue 

This bone tissue consists mostly of a woven bone matrix, It is laid down 

rapidly as fine cancellous tissue, Instead of as compact bone and is 

generally found m embryos or very fast growmg young individua ls. When 

woven bone Includes primary osteons, the tissue IS known as fibro_ 

lamellar bone (Ricqles, 1980, at al.. 1991: Reid, 1984b. 1996: Francillon· 

Vieillot et al. . 1990b). The term fibre-lamellar' Includes vi3 rious 

typological categories such as laminar, plexiform, ret icular and radiat ing 

fibro-Iamellar bone, according to the vascular canal arrangement (sell 

section 2.3.1 ii) 

(c) Parallel -fibred Bone Tissue 

Parallel-fibred bone is formed from a parallel-fibred matrix and is 

vascularised by simple primary vascu lar canals and or primary osteons. 

It is usually more vascularlsed than lamellar bone (Francillon-Vleillol et 

al..1990b). 

II should be noted that all inte rmediate condlhons eXist between these va rious 

tissue types and are nol always clearly defined. 

(Iv) Cortical Stratification 

Bone tissue may exhibi t various structural discontinuities An abrupt change n 

the direct ion of growth, either from Inward to outward, or vise versa, IS termed a 

·reversal", The Ime separating the centrifugal ly deposited periosteal bone and 

centripetally depoSited endosteal bone is termed a reversal line (Enlow, 1963), 
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If bone deposition is simply interrupted and then resumed, the interruption is 

marked by an interruption or resting line, 

(a) Zonat Bone 

When growth is intermittently interrupted by a series of concentric growth 

rings, the tissue is termed zonal bone (Reid, 1996). The growth rings 

consist of zones bounded by annu li or rest lines (Lines of Arrested 

Growth) or both annuli and rest lines. Zones are thick regIOns of bone 

corresponding to perIOds of fast growth, whereas annuli are thin regions 

of bone corresponding to penods of slow growth. The zones of the 

simplest zonal tissues consist of avascular bone (Reid. 1996) The 

zones of more complex tissues contain vascularised paral lel-fibred or 

fibro·lanellar bone with relatively abundant, globular osteocytes and 

sometimes a dense network of canaliculi. Annuli are narrow, avascular 

or poorly vasculansed regions. consistrng of paral lel-fibred bone, or more 

commonly, of lamellar bone. The osteocytes Inside the annuli are 

usually flattened and the canal iculi are generally poorly developed or 

absent. Lines of Arrested Growth (LAG) may occur alone, or before/after 

an anrulus (as single, double or even multiple hnes) and they correspond 

with temporary, complete cessations in growth (Francilion-Vieillot, et al , 

1990b; Reid. 1996) (Figure 23A). 

When zonal bone is combrned with a lamellar bone tissue. the tissue IS 

called lamellar-zonal bone (Enlow, 1903, Reid. 1984b, Fran;;llIoll-Vielllot 

el al.. 1990b; Ricqles et al.. 1991; Chinsamy and Dodson. 1995). Mosl 

extant'repille" bone consists of lamellar-zonal bone tissue. Studies on 

extant crocodilians using a tetracycline antibiotiC. to slain the skeletal 

elements of known-age Nile crocodiles (CfOoodylus Ililolicus) have 

revealed that one zone and one annulus are deposited In one year 

(Hulton, 1986). Tetracyclines are used as vital markers of growing parts 

of bones and teeth. Once administered (usually by in,eclion), the 

antibiotic becomes localised in particu lar regions of bones and teeth 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapler 2 lolef3lule Review 

where it appears in thin sections and fluoresces under ultra-violet light 

(Klevezal, 1996). Hutton (1986) found that a broad zone was deposited 

during the warm rapid growirtg season and a narrow annulus was 

deposited during the cool non-growing season. Although there is no 

proof that the growth rings In fossil animals are annual (Peabody. 1961 ) 

no other type of cycle is known to produce such stratification (Reid 

1990). 

(b) ~onal Bone 

When bone tissue does not contain any cyclically developed growth rings 

(i.e. interruptions in growth) and correspond ing zones. the tissue is 

termed azonal (Figure 2.36). 

(c) Accretionary Bona 

Animals that exhibit a determinate growth strategy i.e. slop growing after 

they reach a maximum Size, may sti ll experience a minor thickening of 

the bones at the periosteal surfaces (Reid, 1996). Small amounts of 

slowly growing bone are laid down al the sub-periosteal surface. which 

may cont inue throughout me animal"s life. Such accrelionary bone is 

usually poorfy vascularised and represents a slOWing down in the growth 

rate of the animal (Cormack, 1987). If rest lines are present within this 

slowly forming tissue. they are called peripheral rest lines (Figure 2 36). 

In contrast, some animals exhibit an indeterminate growth strategy, 

whereby they continue to grow throughout their lives and never reach a 

maximum size. Most extant crocodilians. lizards etc. experience an 

indeterminate growth strategy whereas most extant bmJs and mammals 

experience a determinate growth strategy and usually exhibit peripheral 

resl lines in their bones (Reid. 1996). 
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(v) Haversian Bone 

Haversian bone is compact bone constructed from secondary osteons, which 

replaces primary bone by a process called Haversian reconstruction (Franc illon­

Vlci liol ct aI., 1990b; Reid, 1996). Secondary osteons result from the 

remodelling of existing primary osteons. The inner suriace of a primary osteon 

(the primary bone around the vascular canal) is resorbed to brm a large 

resorptive space. Layers of lamellar bone are then centnpetally deposited on 

the surface of this enlarged canaL Secondary osteons are alwa~ designated 

by a cemenlng lille. which marks the furthest extent of bone removal and 

appears irregular and scalloped as it represents resorbed bone surfaces. At 

first. the interslltial bone surrounding the secondary osteons is stil i primary 

bone. but as more secondary osteons are deposited, the plimary bone 

becomes replaced and undergoes secondary reconstruction. Resorption 

spaces may begin to encrOach on older secondary osleons and when 

successive generations of Closely packed secondary osleons iIltersect each 

other. the Haversian bone becomes dense Haversian bone (see Figure 2.4) 

(Enlow, 1963; Francillon-Vieil lot et aI., 1990b; Reid , 1996). 

~--_ fobro-lameHar f."imary 

,,,'" 
~__ secondary osleon . 

subsequenl g&nera:ton 

-t--- se<;ondary osloon ­
pre.iOus generalion 

Figure 2.4 Den$e HaversIan bone replacing p",nary f,bro.lamellar bone \issue. Mooof09d (,om 

FrarICiIlOl1·Yie;lId et aI (t990bj. 

Metabolic stalVation resulting in damage to Ihe vascular system (Currey, 1960), 

osteocyte death and blomechanical adaptation to physical strain (Currey, 1962; 

EnlOW, 1963; Crompton, 1989) are among the suggestions for secondary 

osteon formatIon . but Amprino's 1967 suggestion that phosphocalclc 

metabolism is the cause, has receIved the most support 
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T :::: 

D 
T :::: bone wall thickness 

RBT:::::: x100 

3.1. Schematic reoresentaticm 

eXDr~:sedasapercenlmge. 

K-\,allJeS were \.tC'U\.tYIC'UICIU 

as C!t\,nu"n 

nt\t~in a mean. 

kl :::: mCll dl 
:::: mC21 

k :::: k-value 
d ::: diameter 
mc ::: meduillary 

k == 12 

......................... ,.,.,. ....................... M ..................... . 

the relative bone wall thickness 

VBllUtliS were 

Sclhernatic rElpn,sentation of K-value measurements. 
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Figure 4 I . c.steetlpllalus A$$emblage Zone. TulikJol FormallOl'l, 6ellUfon Gfoup, South 

Africa The radius (8IP1l/3741) IIld davde (SAM-f'K-K8511) _r. recovefed from IocaIiIiH 

near the lowns Nieu-Baltlesda and fraserburg resp8d1Yely Map (XlITlpiled Ifom Ihe Reader's 

Qigest Illustrated Adas o f Saulhem AfrICa (1994) and Smnh and Keyser (1095) 

The Cis/acephalus Assemblage Zona (Late Permian. Tatarian Stage, Harland 

at al.. 1990) is characterised by the presence of the dicynodonts Diictodon, 

Prisierocion, Emydops, C;s/&cepha/us, Aulacephalodon and Oudenodon and 

ncJudes the noll-mammalian cynodonl Procynosuchus Fossils are moslly 

preserved in Interchannel mudrocks and are usually isolated and dispersed 

(Smith and Keyser, 1995). The presence of highly sinuous channel patterns, 

ephemeral slleam sedimentation alld playa-type gypsum precipitation suggests 

thai the climate was semi-arid with seasonal ralnfaU (Smith al aI., 1993). 

" 
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Figure 4.2. Luangwa Valley. Zamtl,a The f'rocyr>osucIJus rib fragmen1 TSK34 was reco~ered 

from Ihe Luangwa Valley (approximalely 12" 20'5 32" OO'E). Map modified from the Reeder's 

Oigeslllluslraled AUas of Southern AlrK:a (1994). 

4.3 Results 

4. 3.1 Macro-analysls 

Measurements were taken from each specimen, the purpose of which was to 

calculate the maximum length of each element and hence determine the 

percentage adult size (% adult In Table 4.2) for each element. Due to the 

fragmentary nature of Ihe malerial however, the skeletal proportions and 

percentage adult size could not be calculated. 

Table 4.2. Gross measuremenls of Procynosuchus skllleial elemenls. 

SpecImen S~elelal Dlameler Pro~imal Length % Adlill 
number e~enl !mml wiolh !mml !mm) 

BiPltl3747 radius 8.24 14 27 

SAM.PK.K8511 clavicle 3.29 

TSK34 rib 3.02 
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Relative bone wall thIckness (RBT) and K-values were calculated for the radius 

In order to standardise comparisons between genera and with material 

examined in earlier studies. only 11mb bone RBT and K-values were calculated 

in this study. As SUCh, clavicle and rib values have not been included. The 

RBT value of the radiUS was calculated as 30.4% and Ihe K-value as 0.33 (see 

Appendix 2 for detailed results), 

4.3.2 Micro-analysis 

A detailed histological analysis was conducted on the clavicle, radius and nb 

The overall bone tissue IS zonal . consisting of fibro-Iamellar or lamellar IJssue. 

Interrupted by annuli of lamellar-zonal tissue or LAGs 

In cross-sectional view, 79% of the cortex (medullary cavity to mid-cortex) of the 

radius (B/P/!/3747) contains fibro-Iamellar bone alternating with narrow annuli 

consisting of lamellar tissue. The tissue in the outer 21% of the cortex then 

becomes poorly vasculansed lamellar-zonal bone (Figure 4.3). The vascular 

canals in the fibro-Iamellar region are mostly longitudinally oriented primary 

osleons, whereas the lamellar-zonal region contains simple longitudinal and 

radial vascular canals. Secondary osteons are observed in the peri-medullary 

region. The osteocyte lacunae are globular In both the flbro-Iamellar and 

lamellar-zonal regions The canaliculi radiate from the osleoycle lacunae when 

preserved Large cancellous spaces and an e~lensive nelwork of bony 

trabeculae reveals extensive secondary remodel ling in the medullary caVIty. 

whICh becomes more extenSive lowards the metaph}'S!s of the bone 

l ongItudinal sections show a dense network of bony trabeC1Jlae With few 

cancellous spaces in the proximal metaphysis Sharpe}'s fibres are observed 

on the antenor and posteromedIal surface 01 the bone In the proximal 

metaphyseal region. 

The cortex of the claVICle (SAM-PK-K8S11) consists entirely of lamellar-zonal 

bone tissue arn:! the vasC1Jlar canals are mostly simple longitudinal arn:! radial 

canats (Ftgure 44) The globular osteocyte lacunae radiate branched 

" 
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canaliculi, but Ihe canaliculi are rarely preserved. LAGs become more closely 

spaced towards the sub-periosteal surface compared to the rest of the conex 

and often become multiple (many occuning close together). Secondary osteons 

are observed in Ihe peri-medullary region and large cancellous spaces are more 

extensive towards tne ventral side of the bone, eventually re<lching the surface 

towards Ihe medial end. Sharpey's fibres are observAd on IhA dorsal and 

anterior surfaces of the bone. 

The rib fragment (TSK34) shows lamellar-zonal bone tissue With extensiVe 

second<lry remodelling around the medullary cavity. The peri-medull<lry region 

contains <lbundant primary and secondary osteons, whereas the outer conex. 

near the periphery of the bone, exhibits a maliled decrease in vascularisation 

wlth few primary osteons and some sim~e longitudinal vascular canals 

(Figure 4.5). The osteocyte lacunae and canaliculi are similar to the radius and 

clavicle. 

The percentage channel area was quantified for the radius (BfPllf3747 ) and 

clavicle (SAM-PK-K8511) and the results are shown in Figure 4 6. 
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may an individual response to a pal'1iCfJlarty stressful unlfavlrJulabjie season. 

ntnlAlFn was until the appearance which may indicaite 

Thrin:8X'OO'on was a O"I'QII, C!hnrl'_lirT'lhllcn r~lrnll./nr·a a 

cm 

1 

r~r\r~c!~lntc! a more oelrlVEIO 

more robust zygomatic 

,...,c)cyno:i)Uc:nu.s. plrodlucing a more oel'IVEIO Q'UUI .. n"LIJI 

borles are corTe~;pondiingly C!1!T'I!::I.lIor cOl1onolid plrOC4ass is 
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as it was 

were nhlt:::lllru:~t1 

were stuldietd 

5: 

1 

a pal,ate is 

nrilJSXIDdcln as 

a UVI.iIIJI'IJ occ:ipital ,..."\nrll\ll~ C!im.ilal" 

a single ,..nr\rI\Jll~ 

1 I'\ernu. 1 VgIIV:II, 1 

Tnt1nsxo(10n is an exp,am!lion 

1 1 

on 

1 

was limited 

were nhirail"l~rI 

a Single InOIIVloual. 

a detailEtd a'1al\l'SIS. 
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Table 5.1. The Tht'inaxo(1on ~nF~r.irnerl~ used in this and the IOC(ilitiE~S from where the 

spE~cirnerls were recovered. All localities are in the Ly:~tn;,sa,uru!s ASsElmtlla~le 

Beaufort South Africa 5,1 ). The radius and the 

ulna were taken from the same individual. The femora SAM-PK-K8004a and SAM­

PK··K800~~b are the and left femora of one 1 the 

institutional abbreviations. 

District Skeletal Number 

humerus 11 

8 ulna 11 

Bethulie radius 11 

ulna 12 

6 

SAM-PK-K8004b femur 8 

Bulwer 13 

SAM-PK-K1221 humerus 10 

Newcastle 730 radius 11 

Unkown SAM-PK-K1395 femur 4 midshaft 

zone 

Anvirnnrn,=!nt was warm 

1 
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SouIM Arr.ca 

, 
~. 

Fill"'" 5 1 lyslrouuru.r A$$8mblage Zone, Katberg FormallOn, BeaulOl1 G,O\IP, 501.1\1'1 A/nc;1I 

Ths m~eriaI WlI$ rec:overed !rom loeaI,tJet new tile towns BelgvIIle, Bethu,",. Sulwe" 

Hamsmlth -.cI N8WelI5tle Map eomplled lI'om me Rell(! ... ·' [);gat lIIuStnlte(l AHM or SOVth«n 

AIrlca (1994) and GfoerwNBlG end Kltchong (1995) 

5.3 Results 

5.3.1 Macro-analysis 

The midshaft diameter, proximal width and lengths of each limb bone were 

measured. The various measurements were then used to calcula te the 

percentage adult size of each element (Table 5.2), which gives an 

approximation of individual age 
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Chapter 5. Thrj/)a~od()lj B~ogy 

Table 5.2 Gross meaS1II'ementS 01 we Thrmaxodon 11mb !lo~es 

Specimen Skeletal Oiwneter Proximal Length % Adu!! 
number elemem (!!l."'!l wJdIh lmm) !mm! 

BlPIlt:!620 humerus '" 12.94 3037 7565 
SAM·PK.KI121 humerus " 3257 8134 

BlPW5208 humerus 541 11 38 3348 B3.57 

81PI1I4262a rad,us 'OS '" 32.23 9665 
BlP/!/1730 rad,us 3" '" "" WO 

S/PII/50tS ulna '''' 10.87 3167 9312 
BlPW4282b uma 5.22 661 3309 "'" 

SAM·PK·K8004a lemur , .84 18-74 41.96 
SAM·PK·K8004b femur '" 18.74 41 98 
SM1·PK·KI395 femur 363 11 03 34.53 77.35 

The larges! bone (radiUS BIP/111730). considered to represent an adult 

Individual. is used as a standard to compare and assess all the other elements 

and IS considered 10 be 100% of adull size. Measurements were not entered 

for the specimens SAM-PK-KI121. SAM-PK-K800~ ... 3nd SAM PK K8004b due 

to their fragmentary nature 

The limb bones have been diVided into different age classes according to their 

percentage adult size shown in Table 5.2. As the femora SAM·PK-K8004a and 

SAM·PK·K8004b are approximately 42% of the adult size. they are designated 

as lale juveniles The humeflJs BIP/112820 is approximately 75% of the adu lt 

size and is classed as a lale sub·adult as is the SAM·PK·KI395 femur at 

77.35% of the adult size. The elements that are 80% to 84% of the adult size 

are designated early adults, whereas those above the 84% adult size are 

classed as adult. 

Where possible, relative bone walt thickness (RBT) measurements (Figure 5.2) 

and K·values (Table 5.3) were taken from the midshaft regions of the limb 

bones. Using an Independent t-test (Hailed), a Significant difference in RBT 

was found between the sub·adult clements (humen and femora) and the adult 

elements (radii and ulnae) (L, =·2592, df = 18, P <: 005). AppendiX 2 provides 

detailed results 
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Chapter 5: Thrin8~odon Biology 

= Mean' 2'SD 
Mean-2'SO 

CJ Mea/1·2·SE 
Muo·2'se 0_ 

FIgure 5.2 ComparO$Or'l of the relative bone wail thickness values between the ThrinaxocJon limb 

bones, Numerical values IISsoclated with the boxes represent the average percentage RBT of 

lIadl etem(ll11 type The numbers In brackllts Indicate the number of &lements used to obtain 

the value lor each type of element. 

Table 5,3. Mean K.values of the Thrm8xodon limb bone~. The same number aflndlViduals was 

used to catculate the K·values (as indicated by n). 

Skeletai " M,oo 

element K·value 

humllri J 0." 

femora J '" 
rad 'i , 0,51 

utnae 2 0,46 

Standard 

D(I\Iia!ion 

"" 
:10032 

:10,035 

10.098 

No significant difference was found between the K·values (one-way ANOVA, 

F '" 1.582: p > 0.05). 
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Chapter 5 ThrmaxOO(}fl BIOI~ 

5.3.2 Mic ro-analys is 

A comprehenSive histological analysis was conducted on ali elements in order 

to obtain an overall view of the histology of Thrinaxodon . The overall bone 

tissue generally consists of fibro·lamellar bono. which becomes paral'e,·fibred 

towards the periphery The globular osleocyte lacunae arc abundant and 

radiate branched canaliculi The vascular canals in the fibre-lamellar tissue are 
moslly longitudinally onented primary osteons With radial anaslomoses The 

parallel·fibred region contains lewer vascular canals compared to the libra­

lamellar tissue. 

The latc juvenile right and left femora (SAM·PK-K8004a and SAM·PK·K8004b 

respectively) do not contain a distinct parallel-fibred peripheral regIOn, but the 

osteocyte lacunae become more organised and the tissue becomes less 

vascular towards the sub·periosteal surface (Figure 5.3) Secondary osteons 

arc absent. The bony trabeculae at the ends 01 the bones are sparse. 

However. those that are present lie parallel to the long axis of the bone or form 

separate Islets In the centre of the metaphyses 

The femur SAM·PK·KI395 is approximately 77% of the adult size and is 

considered a late sub·adult. An annulus of parallel·fibrcd bone IS observed in 

the mid·cortex. which contains "aliened osteocyte lacunae. A narrow, poorly 

vasculansed region at the sub-periosteal surface contains osteocyte lacunae 

that appear more organised than the rest of the cortex, This may correspond to 

another annulus or the onset 01 slowly forming bone tissue (Figure 5 4) A few 

Sharpey's fibres are observed on the ventral side of the bone 

Tho three humen that were examined fall between 75% and 84% of the adult 

Thnllaxodon size A thin layer of ClfCumferentJ31 endosteal lamellar tissue, 

containing a mlldure of globular and "aliened osteocyte lacunae, surrounds the 

medullary cavity in the midshaft regtOn at the carty adult humerus SAM-PK­

K1121 (Figure 5.5) ThiS layer disappears towards the metaphyses. where 

large cancellous spaces and bony trabeculae ncar the medullary caVity become 

" 
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Ct>apI9f ~ !Imrnuodon BIO~'t 

more extenSIVe Secondary rernodelhng IS more extenSive on the dorsal side of 

alt three elements compared to the ventral side and reS()(ptiOn Is generally more 

extenSive In the ear1y adult humerus (B/PIl/5208). The vascular canals radia te 

out towards the sub-periosteal surface and the resorpllon cavities extend almost 

\0 the surface In the delto-pectoral crest regIOns Compacted coarse cancellous 

bone is present towards the metaphyseal regioos Secondary osteons are 

absent from all three elements Thin bony trabeculae f()(m a spacIOus netWOl'k 

at the ends of the bones A narrow region of parallel-fibred bone is seen at the 

outer margin of SAM-PK-K1121 (Figure 55) and a similar area of orgamsed 

osteocyte lacunae is obselVed in B/P/1I5208 (Figure 5,6) . 

.. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

The radius B/P/I11730 IS the largest adult ThrilU.lxodon element in the sample 

and was used to determine the percentage adult size for all the Thrinaxodon 

elements in the study (Table 5.2). The second radius (BIPI1I4282a ) examined IS 

approximately 97% the length of the radius BIP111173Q, The fibro-lamellar tissue 

is less vascular and the penpheral parallel-fibred region is thicker and more 

distinct compared to that of the humeri and femora (Figure 5.7). Longitudinally 

oriented primary osteons with occasional radial anastomoses as wel l as radially 

oriented vascular canals can be seen in the cortex Multiple layers of very 

poorly vascularised endosteal lamellar tissue surround the medullary cavities 

(Figu re 5.7). but these layers disappear towards the metaphyses where large 

cancellous spaces near the medullary cavity become prominent Compacted 

coarse cancellous tissue becomes progressively more extensive towards the 

metaphyses, where the pnmary compact tissue becomes almost non-existent. 

The resorpt ion cavities are also more extensive on the anterior side of the bone. 

Sharpey's fibres are observed on the posteromedial side of the bone An 

intricate net\vork of thin bony trabecutae. sometimes forming isotated islets is 

present towards the epiphyses of both elements. 

The IIssue of the ulnae BIPIllS018 (93. 12% adult length, Table 5.2) and 

BIPII14282b (96.65% adult length, Table 5.2) is Similar to that of the radii 

(Fi9ure 5.7). A few small secondary osteons are observed scattered throughout 

the cortex of B/PII/501a. Multiple layers of endosteallameliar tissue surround 

the medullary cavit ies In the midshaft regions (Figure 5.8). Resorption cavities 

are more extensive In the metaphyses. especial ly on the antenor side of the 

bone Both elements exhibit a few Sharpey's fibres in the ulna crest regions. A 

loose intricate network of thin bony trabecu lae is present at the ends of the 

bones. 

A schematic diagram showing the histological variation between the different 

elements al various ages IS provided in Figure 5.9. This figure clearly illustrates 

the ontogenetic vanation in vasculanty and tissue organisation with in ll1e 

Tilrinaxodon limb bones 

" 
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Chapler 5: Thrinaxodon Bi<.><.>gy 

The mid shaft percentage channel area was calculated in order to quantify the 

extent of vascularisation in the midshaft regions of each limb bone and is shown 

in Figure 5,10. 

! : . , 
10 .-..... -.•. _ •..• i-..... -~--.... -+~~.. ..· .. ·'+·····~--·-··-·f~·················~ 

: : i !, , " . " 
....... ~ .. _ .. ~._.! ._ .. ~ ........... ,....... D I i a .~ .. .,. ..... ~ ....... ~ ..... ! ............ -. 

i . S'· . . ~ ! 

Iii ! 6 ... ~.~ ................ ~ .. -.Q~ ...... ~ .... ~ .......... ~ ......... ~-.~ .. ~ .... ~ .. -~.~ .......... . 

i 6_2 Iii 
: ! I i 

4 •••.. ~ •.••• + ... ~ .. ~ ... -.~ ···f .. ~ ... ~.~ ......... t-~ .. ~ ..... ~ ...... ~ ~ .. ~-........... . 
"", i • I F-'; i i ! aD f ~ 

2 - .••. ~.-•• ~.--I--•••. _ •. ----',-'- ··----~·t -.. - ._._ ... '-I-"'-'~'-
! : '2.64' 2.78 , , , , 

i t 
.~~~~~~~-L~~~~~ ~ fern (2) 1395 !em 11) humeti(2) radi 121 ulnae 12) 

Skeletal elements 

= Mean+2"SQ 
Mean-2'SD 

o Mean+Z'SE 
...... an-2'SE , ,,~ 

Figure 5,10. The midshaft percentage chaMel area of the Thrinaxodon skelelal elemenls. The 

values of Ihe lale Juven ile femora (SAM·PK·KII<I041! and b) and the lale sub·adull femur that Is 

77% of the adull size (SAM·PK·K1395J are notably different and are therefore plotted 

separately, The channel area (lIthe humerus SAM·PK·Kt '21 wss not ~uanllfied due 10 poor 

preservation Tho values assocIated with the boxes represenl the mean percentage channe l 

area and lhe numoors in brackets irldlCate the numoor of elements used 10 oota;n the 

percentage channel area value for each type of element 

A one-way ANOVA revealed a significant difference in midshaft percentage 

channel area between the different element types (F '" 22.26903; P < 0.05), 

except between the radii and ulnae, Independent t-tests (Hailed ) showed that 

the differences lay between the humeri and femora (Is = 4.243; df '" 7: 

p < 0.05); the humeri and radii (ts = 5.63; df = 4: p < 0,05); the humeri and ulnae 

(ts '" 7.792: df '" 6: p < 0.05) and between the femora and Ulnae (IS'" 2.776: 

df = 7: p < 0.05), but not between the radii and ulnae. The humeri have a 
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a the the 

cync)donlts QWQliZlUiJ~ and QjJIJrJ§m~!l1 throu"h the exalTlin6,tion 

non-mammalian 

their crolSs-·sec:;tionaJ 

gec,mEttty and fos.sim~ed ren1airiS are in the same 

de~",slts and in the absence diajr/nostic cranial maiteric'fll, their pol~tclanial skaJetons are 

of the the each other. As 

of these OBniBI'B could not be pOl.~iti,,'ely ide'ntit'ied as either genus from their morph!ologiciiil 

features. Hence the resuits for both genl9re are in this A 

the of these based on earlier is Drc,vic'ed. follc)weid 

a sectkm on the maj;erial/s and 10C~ilitiEIS. The resuits from the hislro/oigical aj!}a/l,sis 

each genus, which has the 

limb bones on the of bone when associated cranial 

material is absent. A sigl'1mc:ant diftlel9lrlCe in wall between the 

sub-aduit humerus and and 

was Almost all the elements have RBT values exceecring A fosslorial 

or serni-61quc'fltic lifes~tyle is sug'gesled. The K-values genera su"ge~st that the limb bones 

are se/c~cte!d for loadinlg and uitimate The fibro-Iamellar 

~~l!!f.!tl.1.!!:I. clontaining abundant vascular in a p/e)(ifo/m alrrarlge''11el'1t, SLJggl:1StS a 

have grown of 

environmental conditions. The tissue of{l,anl;saj~ion of Qjj~l:l.2-''/.QD. is zonal sU~7gestili,g that it 

had a have been seciSo,nat.fy iTilfiui'.:tnc:ed. 

materi,sl in'cluc':/es an onj'oglenE~tic series of the humerus and femur and a 

series of the variation thnou,m O,!}tOlr/eTiIY to be observed in a number of 

diffl9rel'1t elements. The extent of material the in 

orowrn stnlte,1Y tlfJroliJgh ont'ogcmy to be made for this genus. 

were 

are 
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Table 6.1. The CY/log,natJ~us and Dis'de/no(;on c:n~l ... i.,ncrlC: used in this and 

locc!litiEts from were recovered. Those elements 

abtlre\l'iatilons were obtained from individuals. 

each element were for a detailed 

District 

North 
femur 

ulna 
rib 
rib 

humerus 

humerus 

femur 
tibia 

Frere T492 humerus 
UCMZT495 femur 
UCMZ femur 
UCMZ femur 
UCMZT447 
UCMZT448 fibula 

rib 

Unknown humerus 

SAM-PK-K8971 c ulna 

79 

have the same sPElcinlen 

IIUllltJltiO sections from 

1 for 

of 

4 midshaft 
2 
2 midshaft 
1 
4 midshaft 

18 
18 
17 
14 
12 
10 
15 
8 
10 

8 

3 midshaft 
3 
4 
4 
5 midshaft 
4 

8 midshaft 

12 midshaft 
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SolJlh Africa 

,,' -

~. -

, 
",' 

1:-· ··1 Cynognathus 
.' - - Assemblage Zone 

1(:' _,1 Be3u/urt GrQUp 

, ,,' 

FJgure 6.1. Cynognalhus Assemblage Zone, B...-ger'!;dorp Formahoo, Beaufort Group, Sooth 

Africa The material was excavated from 1oc~lilies near the towns AJiwal North. Surgersdorp. 

Lady Frere and Roul(V,lle. Map compiled from the Reader's Digest lDustrated AlIas 01 Southern 

Africa (1994) and Kitchlng (1995). 
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6: and 

cl.c.n"I~:.nt was metaSiU re~a 

SkE,letal ellemlen:ts was anailYSE~a 

gerlus was ncitcrlmir,cn 

as citt'lcr 

me,aSUlrennen,ts of the CVtlOQ,natl"'us and Diademodon elements. 

femur an adult is considered to be 

size. It has been used to obtain the percerltagle size of 

the smaller The CY/1Qg,natJ7us (S,l,M·PK·KEi23i5b) dialnetler was 

not measured due to but as it belom:Js to the same IIIUIVI\JIUi;ll as SAM·F)K·K6:235ia, it 

will be the same percerlta'ie adult. adult values for the and 

rib were not obtained as The larglest tibia (N""QFt12IJ8i\ was positive,ly 

identified as Diademodon and was used to estimate the np.r'r.p.r,t::=lClp. adult size 

Dis,deJ7Ioc'Jon elements. 

Genus 

81 

82.63 

26.36 
26.31 
42.71 
54.69 
75.11 
71.57 

190.1 
278 

57.36 
70.41 
75.57 

172.4 
173.6 

all the 

68,4 
100 

68,4 

31.66 
38.87 
41.72 
59,45 
70.19 
95.17 
95.85 
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6: and Diademodon 
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0) I'll N N N C\l 
co N ~ a: a: a: a: ::lI:': () 
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« en 

Skeletal elements 

6.2. of the Diademodon humeral ont:oglenE,tic series. Those 

humeri below 50% adult size are classed as sU[)-aClults. those from 50% to 70% as late 

sub-adults and those above 80% are cat:eg1ori!;ed as adults. 

100 

90 

80 

70 

l 
60 

.~ 50 ., 
'3 40 
:a! 

30 

20 

10 

0 
UMCZT495 UMCZT503 

! 
! 

Skeletal elements 

UMCZT493 NMQR1208f 

6.3. ~r~~nh.i .... relprElselnta1tion of the Dia'del170(:/on femoral on1tog,enE~tic series. The femora 

UMCZ T495 and UMCZ T503 are de~)igrlatE~d Sluo-:aClllts. the femur UMCZ T493 is classed as a 

late sub-adult and the femur NIVIQF~1 as an adult. 
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! 
32 

:g 
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u 
;S 28 
-; 
Q.) 

~ 26 

g! 
:;:0 

24 .!!! 
Q) 
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22 

20 

I 
33.07 

[] 

humerus (1) femora (2) 

Skeletal elements 

I 

and 

= Mean+2*SD 
Mean-2*SD 

Mean+2*SE 
Mean-2*SE 

[] Mean 

6.5. Cy,n0l;1na!thtIS midshaft relative bone wall thickness n~I·I"~I .. tll'lj"~OC: The numerical 

value associated with the box the average femoral RBT. The number of 

individual elements examined for each of element is indicated the numbers in brackets. 

The ulna is distorted and has been excluded. 

were 

AOloenldix 2 
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Table 6.3. The Diademodon limb percerlta'ie relative bone wall thll~kn,R~~ and K-

values. All values from :::iAlVH"'K-r"Ij~(la, UMCZ exceed 30%. 

SAM-PK-K8971 a humerus 27.04 0.46 
humerus 0.27 
humerus 36.62 0.27 
humerus 38.54 0.24 
humerus 35.44 0.3 

208d humerus 0.15 
humerus 34.8 0.3 

b radius 31 0.37 

32.68 0.37 

21.29 0.54 
femur 25.91 0.48 
femur 28.65 0.43 
femur 33.98 0.33 

tibia 38.48 0.23 
208h 33.13 0.33 

UMCZ tibia 34.57 0.31 
tibia 35.94 0.29 
tibia 31.12 0.39 

T448 fibula 40.4 0.2 

is nlglner 

prclbably I"CIIloI.:::II::IU a c:!il'1nil~~r mean 

86 



Univ
ers

ity
 of

  C
ap

e T
ow

n

50 

45 

~ 
0» 

I 40 

i 35 
III c 
C 

.8 
!e 30 
l! 
"ii 

........ "' ..... '" 

I 

33.63 

0:: 
25 

-'--

20 
sub·adults 

-r 

c I 
36.99 I 

--L 

late sub·adults 

Humeri 
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adults (2) 

f-•••• - •• 

._-_ ... 

= Mean+2'SD 
Mean-2'SD 

Mean+2*SE 
Mean-2·SE 

c Mean 

6.6. Diademodon mirll!C:hJ:!.ft relative bone wall thickness values of the humeral age 

classes. values associated with the represent the means of each age class. 

number of individual elements to calculate tha percerlta'ie RBT for of element is 

indicated the nIIlTlh,~rc: in brackets. 

34 

~ 
~ 29 l!! 
:ti 
:S 

i 24 

1 
!e = ..!! 
c! 19 

14 

~ ............. ::r 

c 

23.6 
............... 

.-L 

sub-adults (2) 

c 

late sub-adult (1) 

Femora 

adult (1) 

Mean+2*SD 
Mean-2*SD 

Mean+2*SE 
Mean-2*SE 

c Mean 

6.7. Dia1de/nocton midshaft per'cerlta~le relative bone wall thickness of the various 

and numbers in brElckets as in femoral age classes. 

6.6. 

The value associated with the 
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24 
sub-adults (3) 

Tibiae 

6.8. DialrJenl0dc')n miirllitn~~ft relath,e 

1 ............... _ ....... _ .. 

.................. 
C 

33.52 

I 

adults (2) 

= Mean+2*SD 
Mean·2*SD 

Mean+2*SE 
Mean-2'SE 

C Mean 

thir'kn,IIlQQ values of the classes. 

The values associated with the boxes those in bralckets as in 

a plexltclnn am:lngement Ul/h,QI'O 

are gerlenally 

rli!!:l,n",n~tlt'" lJ'iacfen10Gfon elelments is 

or 

!!:In,::I~t'nn'nc:l!I~ crc)ssina over 

are narrow 

are c;nl'TIl!ltirrll!lC; on~SE;,nt I"\l!Itnr'l!I or 
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6: and 

11 po~)tcrania. one 

I'IIIVI\"'!F'I. ... "" ..... 1 was pO~)ltl'll'ely identified as CYirJo~1nathurs, \JIJ,h<CloI"<CIo~ICt 

were as 

vascuuar c~~nals are ablJndant 

C!<CIot'l"InnJ:IIIn.1 olstec:ms are oretselnt 

are rare. 

is more pre,mine.,t 

tls~5ue is 

nh~::AnJ'Art on 

SAM-f:lK~'K6:23f)b is 

it beliDn~ls 

a 

are a 

a va~~culartsationisnn'~O"./on 
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Chapter 6 Cynognallius arld DNidemoCfon BIOlogy 

Figure 6.9 

--.~ . --,..,. 

Figure 6 10 

Fogure 6 9 Tran~verse secbon oIltie Cynognalhus femur SAM·PK·K623Sa, IhowIrog 
UfIII'lter~ed f1bro-/ameUar booe tISSue woth abundant \'aSCUlar canals. alranged on II plexiform 
,,,angemtrnl. A sloght dec(aase In vaseufansallon is observed at the periphery 01 tile bone. 

Figure 6 t o Transv8{se secbon of the Cynognarhus ullla SAM-PK.K623Sb. showlOQ a s.rrmtar 
bone tissue to the lemur shown above 

Scale bars ~ 250loIm 
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The booe tissue of the humerus NMQR1208a consists of similar tissues to the 

femora and ulna. The vascular canals are unilormly distributed throughout the 

cortex, right to the periphery of the bone (Figure 6,11) The vascular canal 

arrangement is a mixture of plexiform and reticu lar networks. Primary osteons 

are observed throughout the corte~ and secondary osteons are present around 

the medullary caVlly. but these are rare. Bone drilt occurs in the delto·pectoral 

crest region and compacted coarse cancellous bone is more extenSive here 

The vascular canals radiate out from the medullary cavity In this region 

Secondary remodelling is more extensive on the medial and dorsal sides 01 the 

bone and It also increases around the ectepicondylar and entepicondylar 

foramena Separated spicules of bony trabeculae. sometimes joining to form a 

network. are present at the ends of the bone 

The tissue of the scapula NMQR3019b consists of fibre-lamellar tissue with a 

mixture of longitudinally oriented primary and secondary osteons, Numerous 

Sharpey's fibres are observed and a LAG is seen at the sub· periosteal surface. 

Abundant globular osteocyte lacunae are present, sirTJjlar to the humeri and 

femora The canalICuli are 1101 preserved Dense Haversian bone is observed 

In the perl·medullary region. Figure 6.12 shows large erOsion cavities near the 

sub·perlOsteal surface 

The bone tissue of the rib NMQR3019c is highly vascularised and contains a 

mlltlure of longitudinally oriented pnmary and secondary osteons. which extend 

to the periphery 01 the bone (Figure 6.13) Two annuli can be seen at the sub­

periosteal surface in one region 01 Ihe bone. 

" 
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Cn.pe,r 6 CYrIOQ'MI/l1J5 end D.8demodotl BIOlogy 

Fogure 6 11 Transverse SectIOn DIllie Cyoognarllus humerus NMQRI208 .. , showing the hoghry 
vascut.~ed, unonlerl\lpled fib<o-iameilarllSsue, somilar ID the prtIVious lemur and ulna 

5eaIt bar· 2SOr,om 

me. medullary C8'IIly 
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Chapter 6 Cyncgnatllus and Olademodot! BiOlogy 

;;-::612. 

F"IIure613 

Figvre 6 12 Tra"s~erse sectIOn 01 the CYlI09nathus scapula NMOR3019b la'VII re5Ol'PtlOn 
""",b .. ~ ~re ~bun<I"'nt "'nd 'eact> \he ~ul>-penool .... ' """""" ,n places A LAC os ob .... "'ed ne"" 
the penpl1ery 01 the bone ( .. ) 

Figure 6 13 TransViII'Se sedlOn of lhe CynogrNllhus nb NMOR3019c PrwTlary and 5eCOr\dary 
osteon$ are abundanl throughOut the cortel< 

Scale bars" 250lIm 
PO prvnary osteon $0 . secondary osteon r ,esoopl"", caVIty 
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Chapter 6: Cynogna/hus and Diadtlmodon BKJlogy 

The midshaft percentage channel area was calculated for the Cynognsthu5 

humerus (NMQR1208a). femora (SAM-PK-K6235a, NMQR3019a) and ulna 

(SAM-PK-K6235b) in order to Quantify the vascular density of the tissues. 

ro 

.. 
" 
" l 
" I 

1 " 
• 
• 
• 
, 

. ~!5= 
lB.7J 

... 

o 
14.13 

= ..-Z-SO 
... .,..l·SI) 

n _.rSE 

CI Mooan 

FlI:lure 6. 14. The midshafl ~rcenlage channel area of the Cynognalhus humerus. ulna and 

femora The values asSOC;ate<.1 with the boxes Indicate the mean values The numbers in 

brackets ;"dlcate the number of iod lvidU31 ~ements used to calculate the perooolage Channel 

area for eadltype of element 

The percentage channel area of the ulna Is significantly lower than that of the 

humerus and femora (independent I -tailed t-test: t. = -5.56; df = 4; P < 0.05). 

(ii) Bone Histo logy of Diademodon 

The Diadamodon humeral material consists of two diagnostic humen (positively 

Identified through assodated cranial material) and four humeri excavated from 

the Burgersdorp bone bed that were posi tively identified as Diadamodon using 

the diagnostic material. 

The vascular canals In the early sub-adult humeri SAM-PK-K8971a 

(Figure 6.15) and UMCZ T492 (Figure 6.16) form a reticular arrangement in the 

mid-cortex. becoming plexiform in some places at the sub-periosteal surface. A 

slight decrease in vascularisation is seen at the sub-periosteal surface of SAM-
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PK-K8971a (Fi9ure 615). The two annuli observed in Ihis elemenl are narrow 

and poorly vascu lansed. Longitudinal sections show a dense network of bony 

trabeculae in the distal metaphysis and secondary remodelling is more 

extensive in this region. The two annuli in UMCZ T492 are also narrow and 

poorly vascular ised. Circumferential endosteal lamella r tissue surrounds the 

medullary cavity in some areas and secondary remodell ing has just begun in 

the medullary cavity region 

Six annuli are observed in [he humerus B/P/I/3772 and LAGs are present after 

some of the annuli (Figure 6.17). Secondary osteons are observed In the 

medullary cavity region Although this element is designated as an early sub­

adult. it IS slightly larger and probably older (41.72% adult size) than the other 

two early sub-adult elements There is a slight decrease in vascu larisation at 

the periphery and Ihe vascular canals are smaller in diameter here 

Longitudinal sections show a dense network of bony trabeculae in the 

metaphyses. 
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In comparing the early sub-adul! humen wllh the lale sub-adult and adult 

humeri, the latter contain more secondary osteons, annuli and LAGs compared 

to the early sub-adults The humeri range in length from 57.36 mm (SAM-PK­

KS971a) to 17364 mm (NMOR120Se)_ The vascular canals In the late sub­

adults are mosdy lon91tudlnal with radial anastomoses whereas those of the 

adult humen form a laminar arrangement. The overal l tissue arrangement of 

the adult humen is also more organised than that of the early sub·adu lts A 

varying decrease In vasculansation IS Observed at the sub-periosteal surface in 

all elements (Figure 6 lS). Multiple layers of endosteal lameliar tissue can be 

seen around the medullaty cavlbes of the late sub-adult humeri. LAGs are 

present In all elements. except the adult humerus NMOR120Se. in which only 

annuli occur Vascular canals radiate out from the medullary cavily on the 

ventral dlslal side of the late sub-adult humerus NMQR120Sc. A network of 

bony trabeculae Interspersed With trabecular islels is observed In the 

metaphyses_ Bone dnh IS observed in the delio-pectoral crest region of all the 

humeri and secondary remodelling IS more exlenSIVe in this area. Compacted 

coarse cancellous bone can also be seen III thiS regIOn (Figure S.19). 

The tissue organisation of the Diadcmodon radIUS (SAM-PK-KS971b) and ulna 

(SAM-PK-K8971c) is very similar and to avoid repelltion are described together. 

The humerus SAM-PK-K8971a. the radius SAM-PK-KS971b and the utna SAM­

PK-K8971c all belong 10 the same Individual Vascular canals arc mosUy 

longitudinally oriented primary OSt90nS With radial anastomoses (Figures 6.20. 

6_21). Secondary osteons are seen around tho medullary caVities Two annuli 

are observed in the radiUS and one In the ulna. The annuli in both elements are 

poorly vascularised and occasional radial anastomoses cross over the annuli 

Bone drih can be seen in the ndge of the rad ius Secondary remodelling 

becomes very extensive towards the metaphyses, occuPYlllg almost the entire 

cross sectiOnal area III both clements Compacted coarse cancellous bone is 

present around the medullary cavities. Longitudinal sections reveal a trabecular 

network similar 10 the humerus SAM-PK-KS971a. 
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Chapter 6 Cyl?OtJnalhus and Dlad8modoo BIology 

Fog",e 6,20 Transverse sectioo oIlne ea.1y suI!­
adull DiademodOn radiUS SAM-PK-K8971b 
Annul i ( .. ) are observed onlerrup~ng Ihe fibro· 
lameDa.t issue and long'lud,nal primary osleons 
are abundanlly distributed Ihroughoullt\e corte~ 

Scale bars = 125~m 

Fog"'e 6.21 Transve.se sechon 01 Ule early sub­
adull Oiac/emodon ulna SAM·PK·K8971c The 
un"" .. xh,blt~ abundanl loogllud,n",1 pnmary 
OS!eOns s,mlla' to the rad,us An annulus In the 
m,d-COflex ,5 'ndk:ated by ( .. ) Compacted 
coarse cancellous bone is seen In the vicm~y of 
the medul lary cav ity 

me, medullary cavity: po, primary osteon cccb, compacted coarse cance4 loos bone 
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The tissue of the Oiadamodon femora is similar 10 Ihal of the humeri. The 

annuli are poor1y vasculansed and LAGs are absent from the sub-adult femora 

(UMCZ T495 and T503) One LAG is observed after the outermost annulus in 

the late sub-adult lemur (UMCZ T493). The sub-adult tissues are highly 

vasculansed and contam reticular to plexiform arrangements and many 

circumferentially oriented vascular canals (Figure 6.22). 

There are fewer vascular canals in the late sub-adult and adutt femora and they 

are mostly longitudinal with radial anaslomoses. Circumferential endosteal 

lameliar tissue is present In a small region around the medullary cavity In the 

late sub-adult and surrounds the medullary cavity in the centre of the adult 

femur mid shaft. Compacted coarse cancellous bone is also observed in the 

peri-medullary regions. 

Small secondary osteons are present around the medullary cavity of the adult 

femur There is also a localised radial orientation of vascular canals on the 

ventral side in the region of the lesser trochanter. The wide annuli (7 observed) 

in the Inner and mid-cortex become narrower towards the periphery and the 

LAGs become multiple at the periphery of the medial side of the bone. 

Although some areas of the bone are diagenetically altered, localised growth at 

the sub-periosteal surface after the las\ LAGs can still be observed as shown in 

Figure 6.23. The osteocyle lacunae are haphazardly arranged and primary 

osteoos are abundant. Secondary remodelling is slightly more extensive on the 

dorsal side of the distal metaphYSIS of this element 

'" 
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Chaptflf 6: Cy"OQn.tI/lu, ~ 11d O'illdemodoo 6JoIogy 

The tIssues 01 the Diademodon tib iae and fibu la are very sImilar and are 

descnbed together. The vascular canals 01 all the elements (tibiae 

NMQRt206g. h. I. j and UMCZ T447 and the fibula UMCZ T448) are mostly 

longitudinally onented pf!mary osteons with raelial anastomoses (Figure 6.24) 

Circumferential endosteal lamellar tissue is observed around the medullary 

cavities 01 the sub-adult tIbiae (UMCZ T447, NMQRt20Bg and NMQR1208h) 

and the fibula UMCZ T448 The osteocyte lacunae are flattened here. LAGs 

are absent lrom the two smallest tIbiae. but multiple LAGs appear at the sub­

periosteal surface 01 the sub-adult (UMCZ T447) and the adult tibIae 

(Figures 6.24, 6.25), am:! a wider region of lamellar tissue compared to the rest 

of the cortex, IS observed at the periphery of the fibula (Figure 6.26) A 

decrease in vascularisatlon can be seen at the outer margin of the adult tibia 

NMQR120Bj (Figure 6.25) Secondary osteons are present around lhe 

medullary cavities 01 the sub-adult UMCZ T447. the adult tibiae (mOl"e common 

In the area of bone dnft) and the fibula. Secondary remodeJlmg IS slightly more 

extensive towards lhe anterior side 01 the fibula 

The tissues 01 the Dlademocfon nbs NMQR2682 and SAM-PK·Kt332 are 

extensively remodefled and large resorpt ion cavities extend to the sub­

periosteal surface as shown in the rib NMQR2682 of Figure 6.27. The 

osteocyte lacunae are globular and radiate canahculi similar to lhat of the tong 

bones Distmct LAGs, which are sometimes multiple, are observed In the outer 

cortex, 

FlQures 6.28 to 6.30 provide schematIC transverse sections of the various 

elements in each age class and highlight the char"lges in vascularity and tissue 

orgaf!lsatlOflthrough ontogeny 
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_______________ -'c~".,p"'"",'"c""""'" nathus and DIi.d~modon B~OQY 

Early sub-adult 

Late sub-adu I 

Adult 

highly vasClJllnsed 
rOlleu""f netw",k 

""de annulus 

highly vascularised 
plex iform net.vork 

na rro.,., ann~ 

wide annulus 

pnmary osteon Wlti, 
a rad,a l anas'omose 

circ~mfe,enha l 

ondostea l 
lamellar USSLJe 

infillea meduUary 
cavity 

lamonar tissue 
arrangement 

",,'row ~nn,,1 

InJ.llo<! medu~a'y 
cav'ly 

Figure 628 Schematk: histology "I til'" humeral ontogenetIC serles 01 DiademOlbn shQwmg the 

changes In h i st~OQical orgaoisatloo through ootogeny, Me ootCJlOS mC<Jullary cavIty 
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Early sub-adult 

Sub-adult 

Adult 

Chapter 6 Cynognathus iIIld o.arWmodon Bloklgy 

-_"i-.J' , . . 
- -' , .. .- . ~ 
',\!/' .'." .. .. 
• ~ ;', " ".I( i : :. '., " _.; : ~~". 
, ,. " . "~"": . . 
, -,';' " . . ," . . . , .. _. 

C:"'~ wide annu~ 

___ pnmarv osteon 
wIth radia l 
anastomoses 

'/---- Infilled medunary 
caio'lly 

197"", 

"'~_ wide annul! 

narrow annuli 

FfgUfe 6.29, 5<;hematk; histology of the Ismoral ontogoneHc: senes of Dlademodon showing the 

hIstological variation through ontooeny. Me indicates medullary ca"';ly. 
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Sub-adult 

Adult 

CMpter 6: Cynogtlllrhus and DIademodoI1 Biology 

- I'I9fTOW annuli 
"",",pIo 

"'G. 
Inlllled medullary 
cavky --. 0'_ 

F9lf8 6_30 5<::hematie h/sroiogy of ltIe Iib~ onIOge081ie set1K 01 Dllldemodotl I howlf1Q lhe 

changes in hS_ O<tj3N$3hon through OtIIOg8rly. MC InOieIIte. medoA,ry cavity 

Where possibte. the percentage channel area was calculated for each element. 

using the midshaft region. The values are presented graphically for the humeral, 

femoral and tibia ontogenetic series. The radius (SAM-PK-K8971b). ulna 

(SAM-PK-K8971c) and fibula (UMCZ T448) values are 7.28%. 4.56% and 

1.52o/a respectively. Although not statistically significant, a trend of decreasing 

vascutar denSity WIth age is shown for each age class (Figures 6.31. 6.32 and 

6.33). In addition. if the IIbiae are compared with the humeri and femora. the 

sub-adult and adult tibia values are lower than those of the other sub-adult and 

adult elements. The SlJb-adul\ fibula vascular density is also lower than that of 

any of the other elements in the sub-adult age class. 
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6.31. Dia,delrnoc'ion midlshElft p1erc4entlilge channel area of the humeral nntnnFlneltir. series. 

The number of elements used to obtain the channel area for age is 
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6.32. Distdel11Ol'ion midshaft nAr'(,!Af,tRtlA channel area the femoral onl:oglenE,tic series. 

values associated with box and the nUlnblers in hrR,('!kAt!:t as in 
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The cross-sectional gec.)mE~tlY and bone histo/c)gy of the po~stcl'anjra of the to 

non-mammalian CY~lodlont, I!]~tzQ.grmz. was eXclmil1ed in order to deduce aS~)ecits of its 

biOlogy. A briE~f desc~ripltion of its morpl1!ologic,al characteristics based on earlier studies is 

followed a materials and localities section. Cross-sectional results were obtainea 

from elements ages. The relative bone wall thickness values 

of the sub-adults are less than whereas the value of an older exceeds 30%~ 

Altj~OLlgh more material is to make reasonable deductions the habits 

of this this result with Groenewald et al. 's thet was 

fossorlal. The K-values that limb bones are selected for imp!act 

loadin'g and ultimate strE,nath. which may be linked to modifications a fossoriallifeistyle. The­

which is 

suggesting that I!:i!.gQl]QQ's;!l! had a cyc,'ical nrnwrn strcite{jry that 

shows (ibro-Iamellar bone 

have been se,isonal'y inifiw:mced. Annuli are preise/Jt, but LAGs are absent from VOU'nOEJr 

e/e,me,nts, sU'1ge,stinlg that slowed down the unfavourable season, but not 

cease cor.np/leteJY. LAGs are more in the older either that overall 

slowed down with or that the tibiae than the other or 

both. in are absent from the bone is 

observed towards the surface. The younger femur and tibia diameters are 

than those of the older femur and tibiae. The lack of a correlation in this case 

may be due to a or sexual dinl0f1:')hi~~m. 

a I"IAI"I\/':::'I"I "'0. .. 1,\1\1". .. ,,\. nnll_1'T1J:;nlm.J:;li::ln c'vn()rlcmt_ is clo!sellv reilatE~d 

~innil~~r in 

are 

narrower 7Vlnnlm:::;lflr. !:lIrr-n.::,c are more cl.c,nrll.c.r 
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7: Trlrachodon 
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). bunrow .... nlrnn.l.av was rec1ently eXCclvatea 
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InClsolrs are >:)IIIQII, u/t'lil"t'I indicates 
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TriJ'aCJ"'ocfon is one 
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Table 7.1. Trir.achodcm Sl)ec:im«~ns used in this and the localities 

\:)AM-Ir'I\"I\Otsl:n sPE~cirnerls were recovered spE!cirnerls were recovered. 

where 

the rr::IP1 r7Q slpec:lmE~ns to a Individual and the NMQR;32~J2 sIPec:imE~ns were 

found in a matrix that 1I1 .... IUUt;U two similar sized lower AppEmdlx 1 institutional 

District 

Aliwal North SAM-PK-K5881 a 6 

SAM-PK-K5681 b tibia 5 

3 

rib 2 midshaft 

rib 2 midshaft 

2 

3 

4 midshaft 

ulna 4 

7 midshaft 
tibia 5 midshaft 
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A'~ 

South Alfoca 

,..-

" -

-,.s ..... 

i 

• 
" 

Cl\epter 1 Tthchodoll 8oaIogy 

~ CynogllBlhlls =::: Ass'm~i'lge Zoot 

E7I seau!or1 Group 

Figure 7 t Cyr!ognaIhus As$8ll'lblllge Zone, BorgefSdorp FormatlQl'l , BellulQrt Group, South 

Amea The fT\!IteriaI was ,eeov.rGd Irom 1oc!It.!ies n_ lilt lawns Aliwal North. 8erllll i lo lind 

Kestel Map compiled .rom 1M Re8der'1 [);geslillustraled Al!as or Southam AlfIcII (1994) and 

Ko\chlng (1995) 

7.3 Results 

7.3.1 Macro-analysls 

Where possible, the diameter, proximal width and total length of each skeletal 

element was measured in order to obtain the percentage adult size (Table 7.2) 

". 
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T.bIe 7.2 G.oss m&il.u.emenl$ oflhe v.rious Tnrachodon sl<eletel elements 

CGPII79b ""' 5.55 4007 

NMQR3282u I~~ '" goa "'" SAM-PK-K5881. lemu. " 89.8 

NMOR3282tl lob .. 4.76 '15 '" 5015 
SAM-PK·KS881tl '0. Il 4S.14 '222 
SAM-PK-K5681 c libia " 'B ". 
SAM·PK·I(5881d .. '" SAM·PK·K5881e .. 283 

SAM·P;(·K5881f scap ... 1.1 33' 
SAAt·P)( ·K5681g -" '08 

Relative bone wall thickness measurements (RBT) (Figure 7.2) and K-values 

(Table 7.3) were obtained from the limb bones in order to assess the lifestyle 

habits of Trirachodon. Measurements were taken from the midshaft regions 01 

each booe 

Figure 7.2 shows that there Is not a marked variation in RBT between the 

different elements, although the mean value of the femur $AM·PK·K5881a is 

higher than thai of the femur NMQR3282a. 

'" 
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Chapter 1: TriTfJdloaOl'l BIOM?gy 

.. 
q 

~ 

~ 
• 
! " g • 1 , 

" • i " ~ • ~ • ~ • " = "'-"2"SO - -• 
~ • ! 

_.SO N N 

" " ~ ~ • • CJ lo!Nn·rSE 
~ ~ I % % 

~ 
_ .. , 

, ..... 
SIoIIIIIII .. , •• 

Fogure 72 Re'ative bene wan Ihickne" yalues of !he Tritadoodon lomb boneS The Y8k.ies 

anoeoal&d w,lh!he bo~&S ndlcale!he mean yatue oI1hose IndMdo.oaIs NMOR3282a 80d SAM­

PK·K5881a are remora. NMOR3282b and SAM.PK·K5881c are 1ibIaiJ. CGP1~ ;. a fad". 
and CGP 1n9b ~ en ulna 

Table 7.3 TriraehoOotllimb bcne K·vajuet. The feSl of !he 1mb boneS COIAd not be measured 

do.oa to lheif frllllmel'lllii)' nallJi'8. 

--·S .... OOm=: .. :----,S'k.~~==,--"C .• ".O .. =-

CGP1n9b ulna 

NMOR3282, femur 
SAM·PK·K5B8Ia femur 

NMOR3282b lll);a 

0.5 

0.43 .. 
0.5 
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___________________ ---'Cnapl.r 7 Tr1r.ch~OfI Biology 

7.3.2 Micro·analysls 

A detailed histological analysis of the Tr;(8cl1odon poslcrsnia was undertaken. 

The tissue organisat ion of all elements is zonal In most clements, the zones 

consist of moderately vascularised fibro-Iamcllar tissue, which alternate with 

either poorly vascularised annuli or LAGs. 

The femur NMQR3282a exhibits highly vascularised fibro-Iamellar tissue and is 

InternJpted by two narrow incomplete annuli (Figure 7.3). The vascular cana ls 

are arrange<lm a reticular network and the osteocyte lacunae arc globular and 

radiale branched canaliculi. The inner annulus forms an almost complete Circle. 

dls<lppeanng on the ventra-medial Side and the outer annulus disappears on tho 

dorso-Iateral and venlro-medial sides of the bone The annuli are poorly 

defined, but the osteocyte lacunae are more orgamsed in these regKlnS and can 

be dlsllnguished from the rest of the cortical tissue There Is no Indication of a 

decrease In vasculansallOn al the periphery and little secondary remodelling Is 

presenl. 

The bone tissue of the femur SAM-PK-K5881 a consists of fibro-lameUar tissue 

(Figure 7.4), which Is slightly less vascularised than the femur NMQR3282a. 

The osteocyte lacunae are similar to the femur NMQR3282a described above. 

but they become more organised In a paral lel-fibred reylOn of bone. observed at 

the outer margin Small secondary osteons are seen around the medullary 

cavity towards the metaphYSIS. Bone dnft occurs In the lesser trochanter 

region. where reWOfked tissue almost reaches tho sub·periosteal surface The 

dorsal and lateral sides of the bones conta in more compact IIssue than the 

ventral and medial regions The vascular canals form a radial network from the 

medullary cavity to the surface in the region of the lesser trochanter and a 

networK of bony trabeculae can be seen In the proximal metaphySIS In 

longitudinal sectIOn. 

The radiUS (CGPlf1ga) and ulna (CGPlI79b) arc described together as they 

were obtained from a Single Individual Tho bone IIssue of the radiUS consIsts 
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of moderately vascularised. libro-Iamellar IIssue, whiCh becomes less 

vC!sculansed and more organised towards the periphery to form parallel-fibred 

bone (Figure 7.5). Vascular canals vary from longitudina l primary osteons wilh 

radi<ll anastomoses to r<ldlal ly oriented canals. T~le ulna exhibits zon<l l bone 

tissue. consistmg of moderately vascul<lrised fibro-Iamella r tissue, intermittently 

interrupted by poorly vascularised annuli of lamellar tissue (Figure 7 6). The 

vascular canals are mostly longltudtnally oriented primary osleons. A reversal 

line is observed m Ihe pen-medullary region, The osteocyte lacunae in both 

bones are similar to the femora and a few small secondary osteons are 

recognised in the peri-medul lary reg ions_ Sharpey's fibres are seen in the ulnC! 

crest region. 

The tissue 01 the tibia NMQR3282b (Figure 7.7) is very similar to that of the 

femur NMOR3282a. The moderC!tely vascularised tissue forms a re ticular 

network and is interrupted by two narrow poorly defined annuli. similar to the 

femur NMOR3282a 

Longltudtnally Oriented pnmary osteons dommate the tissues 01 the tibiae SAM­

PK-K5881b and SAM-PK-K5881c The tissue is intermittently interrupled by 

annuli, which are sometimes associated with LAGs (Figure 7.8), The globular 

osteocyte I<lcunae contain radiating canaliculi. similar to the elements just 

described above. Secondary osteons <Ire observed, distributed throughout Ihe 

cortex, in both elements. Extensive secondary remodelling can be seen, 

especially on the medial side in SAM-PK-K5881c as thin sections were taken 

mostly from the prOXimal metaphyseal region. The more proXimal sectIOns of 

SAM-PK-K5881 b show extreme secondary remodel ling which reaches a 

parallel-fibred region at Ihe periphery of the bone. 

'" 
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Chapter 7 Trnc/IodOn Booiogy 

Figure 7 5 Transverse section or the Tnrachodon radIus CGP1n9a. The tissue ~"ers lrom 
libro- lall'lll ilar booe In the mrd-eo<I"~ \0 paralle!.fibred \ISsue !awards the outer IT\<'Irgln r- I. 
Figure 7 6 Transver:se sectIon of tile T"'fJC/IodotIu~a CGP II79tJ The fibrQ-lameUat tISSue 
IS Intermruefuty II'Iter'uple<! by annuli ( .. I and a reversat line IS observed in the pen­
medullary reg.on r- ). A lew secondary OSleollS are d,5Inbule<! throughoullhe corle" 

ScoIte bars " 12~m 
me. medullary caVIty; so, secondary osteon 

", 



Univ
ers

ity
 of

  C
ap

e T
ow

n

_______________ --',""". ler 7- TfItlId>odOllBioiogy 

The bone tissue of the scapulae SAM-PK-K5881 f and SAM.PK-K5881g ConSIS! 

of fibro-Iamellar tissue, intefTUpted by annuli . The annuli are more prominent In 

the smaller scapula (SAM·PK-K5881f). One annulus can be seen towards the 

sub-perIOSteal surface of SAM-PK-K5881g. Longitud inally oriented pnmary 

osteons dominate In SAM-PK-K58811 (Figure 7.9), whereas rad ial anastomoses 

are associated with the vascular canals in SAM.PK.K5881g (Figure 7 10). 

Secondary osleons are observed scattered throughout the cortex in SAM-PK­

KS881 f, but are more abund,m! in the pen-medullary region 

The nbs SAM-PK-K5881d and SAM-PK-K5881e consist of moderately 

vasculansecl fibro-Iamellar bone Interrupted occasionally by LAGs (Figure 7.11). 

In some places, multiple LAGs occur together at Intervals The vascular canals 

are mostly longitudinally oriented primary osteons and are just as abundant at 

the surface as they are In the mid-cortex. Secoodary osteons are common and 

may reach the outer cortex in some areas. but are more abundant around the 

medullary cavity Numerous trabeculae extend Into the medullary cavity area 

and abundant small resorptlOfl caVIties are present 

'28 
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Chapter 7 Tnmc/lodoll BIOlogy 

Fogure 7 10 
F;gure 7 9 Tramverse seClOOf1 oj lhe TIlflIdJodon s.capula SAM-PK.K6681' longotudonal 
pnmary arod secoodary OSleons are a~ndanl Ao iIOI1OJlus Is obseNed alille 0\l18f margon 
(. ) 
Flgure 1 10 Transver.;.e!;t'ClOon of \he Tnr.lchOdon scapula SAM.PK-K688' 9 The viISCIOIar 
canal organisation dOffers ma1<edIy from lhe s.capula SAM·PK·K~lI. shown above A LAG 
allile sulrpenosleaf ... "face oS ondicaled by ( .. ). There are few Iong.ludinaliy o ....... ,ed 
primary OSlflOns and numerous rad. anastO!TlO6eS. 
Scale b¥s ;125>Jm 
so, secondary osteon. PO. primary osl"""'. me. ~lIary C.V1ly 

'" 
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Chap!er 7_ Tntacho<1OilBOiogy 

Figure 7. 11 Transverse sectoon of the TnrKhodoo nb SAM·PJ(·K58Bld. showIf11j abundant 
longitudinally oriented primary and secondary ostoons Ihl'Ol.l\lhoul1he conex A LAG IS shown 
near lIIe outer margon ( .. ) 

Scal. bar . 12S\1m 

PO. pnmafY QSleon: so. secondary osteon. me. meduIary cav~v 

'" 



Univ
ers

ity
 of

  C
ap

e T
ow

n

r:h:lOInt,:>r 7: Trirachodon 

Chcmnel area was Qu,anltifiE~d 

as no rrli(ic:hl~ft reaion was aVlailc~blle. 12 shc)ws a m:::l:ril.:.rI 

pelrcentCllge ,..h::::Il"llnt:lll area 

12 

11 
C 

c 
11.44 

10 
10.76 

9 

8 

t 7 

e 6 
III 

"i 5 c: 
c: 
III 

4 J:: 
U 

4.45 
... v .. 

3.68 C 
".1 f 

n 

C 

3 
III .0 III .0 III 0 = Mean+2*SD N N CD CD a; a; co co t:: t:: Mean-2*SD N N 

0:: 0:: co co 
M M It) It) 

ct: ct: (!:) (!:) :l.::: :l.::: 
Mean+2*SE 0 0 U u ::.:: ::.:: 

:::!: :::!: Q. 0;- Mean-2*SE z z ~ :::!: 
c( c( C Mean en en 

Skeletal elements 

7.12. Trirachodon midshaft channel area. Individual elements have beer 

due to distinct differences in their channel area. 

and SAM-PK-K5881a are f.,.m,nr:::l 

radius and CGP1179b is an ulna. 

NIliIQI=<3:28~!b and :::SA,M-I""K,-K.:JHtllC are CGP1/79a is E 

Tril"8cJ~octon sPE~cinnerls are POS49d a 

were 

identif'ied as Trlrac/lod'on. in a 

one IndIVI(:1U~lI. 

are 
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7: 

cnl:lnnel area 

a I IJLIIJUICU 

IUVienille or 

on reoresent one or 

indicates a .:.I""",,,,,i ... , .... 

was nrrlh:::lhlv Oel"centsloe I"'h~lnn,1:l<1 area 

(SAIVl-PIK-Kf5881 ) 

as 

replresEmts a SAM-f::JK·,K5,881 c is 

NMQR~32132a is ont:oglenE~ticlally \11"'01 '1 ......... 0.,.. 

a rell;:)tiv'elv TrilCJcj~oc'on was 

). espieClallV 

a fos:sorilal 

............ '" is reauirE~d 

hi .... ,rilinnhC!c are mo,dified, 

a oercerltaCle 
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7: Trirachodon 

a IrrnU./irln or l'Iin .... il"lin Ib,ar .... lo 

as 

"" ....... "'.:. are sellec1ted 

1 

or Dlaaer:nOClron, it 

Tril'acJnocfon was 

oraiwirlO season or Indlvldluals, even ceelseld. 

is t .... I.lnl'l same deIPo~;its as CVlnocma'thLrs it theireTIOr8 

1 a 

are more prclmine'1t SAIVI-P;K-~C58IB 1 b 

is distin(;tlv 1 

It 

133 



Univ
ers

ity
 of

  C
ap

e T
ow

n

7: Trlrachodon 

was 

). 

was collected 

It is 

more .... II"."V 

Felmales are k'n .... "Aln 

as 

as some reo,tlles. ~rnnlhi",.i~rlc! 
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Ch'iptE~r includes an examination of 

malnm611ian cynodont, Ilih~U1 thl'Ough the 

biology of JI1~a.C;:.c;:ir: non-

of cro.ss-~;ecl~iona/ aE~ometrv and 

histo/O'1Y of The mOl]phoj'ogic'al c/Jaralctejrfsth~s of are based on 

materials and localities are The cross-sectional 

ae')mE~trv anci!ySIS il1,dic~atE's a thick bone p~lsib,IY as a modification for diggin:g. 

The reveals a moderate,/v Vciisc,ulairis8'd ulninltenvpj;ed, fibro-/amellar 

bone which sugrgests that I!i1ldQ.!'1M. Growth are absent from 

elements AII'I"Anr one may be due to a paJ'T/C(Jlal1y sl'res.sful, unfavclul'Blble aro1willa 

season. of elements 

hisltololgic,al s/"udi~,s to assess the hlsjfo-lI'ari,ibill~v between elements is emiph'iSised. 

). 

nt~'loc'on was a rel~:Jtiv'elv 

an extirerrlely mamnlal-like 

an extlrerrlelv 

mUltH'Ool:ea. a fea1ture 

1 

proce~;s on gnim~~1 was 

more mamrnal-like. 

is more 
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proice~ssels are plates on 

1 hin,rllilTlh are 

1 

seven a ) 

1 ). 

8.1. and the where the 

were recovered. with the same were 

from one individual. the institutional 

District Number of 

10 

humerus 8 distal 

humerus 8 
BIP/I/4785b 2 midshaft 

rib 4 midshaft 

humerus 3 
humerus 4 

I=nlrm::dil"ln is a tvn!lcal 

It is 

is as 

causes a 
I=nrml!!:litinn is m!lri.r,ClI1 a dis1:inc'tive t'h~::IinrICl 

are more varleo 
more tiC!c~iICl 
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South 

8.1. Elliot Formal:ion, Africa. The material was rec,ove:red 

towns Belthlehern. ClarElns. FOllrielsburg and 

the Reader's Illustrated Atlas of Africa 
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a tncafirus. as 

are zone (Kiitchina 1 

skE~letal ~11~n'\~rlt was 

estllmaltea as a was 

Table 8.2. Gross measurements of the Trtt.yIO(:ion skeletal elements. The radius B/P/I/4785b 

and rib B/P/I/4785c to the same individual as the humerus B/P/1/4785a. 

Skeletal % Adult 

B/P/I/5160 humerus 7.55 55.07 66.87 
B/P/I/4785a humerus 7.23 22.31 52.77 64.08 
B/P/I/5089 humerus 7.64 55.77 67.72 
B/P/I/5671 humerus 10.03 82.35 100 

B/P/I/5167 radius 5.99 11 34.9 
B/P/I/4785b radius 64.08 

B/P/I/4785c rib 2.72 64.08 

138 
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indi1catE!S a relB!tlvelv mean hUlmEtral r"'-VCIIIUlIJ 

mean is 

50 

44 ............................. I 
I/) I :e c 38 _ ............... ................ " ............. 

..w: 
() 

S C 
iii C 
3t 
ill 32 .................. "' ........... 34.32 ................ c 
.8 
ill I > 

35.23 15 
& 26 - Mean+2·SD _····· .. ·· .. · ...... ···· .. ··1 

Mean-2·SD 

Mean+2*SE 
Mean-2*SE 

20 
humeri radii C Mean 

Skeletal elements 

midshaft relative bone wall thickness values. Numerical 

associated with boxes represent the mean percerlta"e RBT. The numbers in brackets 

indicate the number of individual elements used to obtain the RBT value of 

element. 

is no ~irlni1Fi~~mt I'tiff.o.r·.o.n.I".o. 

a 

are alobuhar seven elemenlS 
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Chapler 8 rntykxiOll BIOI~ 

All the humen In this examination are diagenetlcally altered. bul the overall 

tissue organisation can still be observed The vascular arrangement consists 

mosUy of longitudinally oriented primary oSleons Interruptions In the bone 

tissue are absent (Figure 8.3). Circumferential endosteal lamellar tissue 

surrounds the medullary cavity In the centre of the midshaft of BIPII15160 and 

bone dnfl can be seen in BIP/114785a. Compacted coarse cancellous bone is 

observed in the distal metaphysis of BIP1I5671 . The bony trabeculae in the 

smallest humerus B/P/114785a lie mainly parallel to each other at the end of the 

bone The rest of the humen contain a network of th in bony trabeculae with 

many small cancellous spaces in the metaphyses Compacted coarse 

cancellous bone Is observed in the delto-pectoral crest regions. 

The IIssue of the radiUS BIPI!I5167 consists 01 moderately vascuiarised, fibro­

lamellar bone, interrupted near the sub-periosteal surface by two annuli 

(Figure 8 4). A LAG Is observed after the outermost annulus The vascular 

canals consis t of a mixture of longitudinal Simple canals and primary ostcons 

Circumferential endosleallamellar tissue surrounds the medullary caVity. There 

Is no decrease in vascularisation towards the periphery. SeCOndary remodelling 

is extensive in the metaphyseal region. The radius, B/PIl/4785b, belongs to the 

same Individual as the humerus B/P/1/4785a. Tho rad iUs was allached to the 

humerus and was therefore sectioned slightly obliquely due to Its poSition 

relative to the humerus The fibro-Iamellar tissue of the radiUS B/PII/4785b is 

uninterrupted (Figure 8 5). but a slight change In \Issue organisation Is observed 

at the periphery. There are tess osteocyte lacunae here and they fOfm a mOfe 

organised arrangement and lie in the same general oricnta\lon They may 

represent an area of parallel-fibred bone. but thiS cannot be confirmed due to 

the poor preservallon at the periphery. 

'" 



Univ
ers

ity
 of

  C
ap

e T
ow

n
Figure 81. 

Figure 8 4. 

Fogure 81 Transverse secbon of \he Tn/)'Iodon humerus B!P/U478Sa Although no! wry well 
PfeselVfKl. an u",nlefnJpled fibro-lamellar tissue can be dIscerned 

Fogure 8.4 Transverse sec1KIII of the Tnlylodon radius B/PIU5167 The flbro-lamellar tIssue 1$ 
Inl .... rupled by two annuli ( .. ) and a LAG Is oIlserve<l alief the outermost annulus 
Circumle",ntlal emlosleall8mellar ~55ue surrounds the medullary cavity In some .",as. 

Scale bars "'250jJm 

el. endosteallameilar tiul.I8. me. medullary callity 

'" 
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Chapter 8 Trif)'1oOO'l BooIogy 

Figure 8.5 Transoerse section 01 the TmylOOon rad iUS BJPII14185b. TlI<s bone was altached 10 
the humerus BJPnl4785<1 and was seellOlled sl ighlly obliq~ely However. Iht uninterrupted fibl'(>­
lamellar booe is s@obse ..... ed 

Scale bar a250~m 

/IlC. medutlary cav'ly 

'" 
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8: 

is C!il"lnil!:u' 

is mOder'ately v~~sculalnseld 

a mixture 

C!~('nnrl!:llI,\1 o:stec)ns are distribute~d 

was 

U;:j;:jIUII::ii;:j are moderately Vc:lsCulanSE~d 

7.5 

6.5 

5.5 

526 

4.5 

~ 
CII 

1i.i 3.5 c: c: 
2 
u 

2.5 = Mean+2*SD 

1.5 Mean-2*SD 

Mean+2*SE 
Mean-2*SE 

0.5 
humerus (1) radii [] Mean 

Skeletal elements 

8.6. Trit.ylo(10n midshaft n""r',..""r,t!:l""" channel area of the radii B/P/1I4785b and B/P/1I5167 

and the humerus B/P/1/4785a. The number of Individual elements that were to calculate 

the channel area for each of element is the values in brackets. 

The number associated with the box indicates the mean radial channel area value. 

!:II\/jQ,r!:lll"l~ relspc3ctivel'v) inldicate a mY'/oo,on was a 

(Bro1om. 1 

are in ac(~oncjarlce 
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nlstolo'lV reive:::ueCl a moderately V~:1sculalriseld 

osteorls are 
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more SIOlWIV 

rep1re!:ients an InalvlOlual is ap,)ro:ldmaterlv is 

indic::ate a pal1tlcular 

or disreas,e 

it is a 

swstalnEta manner, 
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exalminE~d bEttore rea~)om~ble aeOluctllons regcudil1g a can 
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Inlr.a-rOlorn oXYlgen and cancon Isotope ana!/ysE'S nOfll-m~im"na/i'!Jn ClfnOC'ont enamel car:bOfllate 

were conducted in order to assess the nature and am,plitllde seasonal vat:fabi;/ity refl~,ctEld 

to the 

was used to assess the 

FTIR absorbance SPE,ctl·a were obtained from extant .-:=:::..:= 

£I.lJtuUr;U2§1Ils1iJf§.. .kjg2.!J§ and ~~W!§..!li./Q!j~ enamel and dentine as well as the Pliolcer:,e 

~ii!ltlJWJJJtll a~m1 enamel The absorbance SOB,ctra she/wed 

in their teeth. were amilY~fed 

isotope analysels, Fourier TransfcJrm lnrr.s-reIO s,Jectros;cOf.W 

the bio/;ogical al,atitE~s. 

that nOll-m'ammaifian cyrlod,ont enamel resembles bio,Iogl;cal "'IJfJI'''O. 

extant QrQf!J!J.'{/JJ§. D.iJQj'iQJJ§. and Jl!!l:c!lll~ erlam91, but a 

the V4 phlosr:"haite between the extant and 

are 

diffl9feil1ce in the 

enamel Spl,ctlFa was 

The nOfl!-mc~mn1alhiln C)fnocfont the expectEld as 

flom was The OXj,geln ;s,otc)pe resuits show patterrJed 

indIcates seasonal as studies have 

that the climate was with seasonal The values the 

QjJ!11!iJ.~tfm indMCl'ual'S are more than rest the non-

mammalian This may was noctumal 

.1 Statllie isotolPes 

mass 

mSiaSIJrable iso'tODic n!!:II"t+tinl"lin .... or 

Sut)stcmcE~s are "Ial)elled" 

eXJ)re:ssEtd as 

a as or nitr10gem are 
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9: Chemical 

is01:0PE~S is I"nr\\I;1:lorltirln is eXJJre:ssEtd as 

o 

o = II n;:,.",,,,,,,, .. I r\st;mdard) x1 

or \ .... """M, 1 

as borles 

ycm ... ..,;:, are I"nrltrnlll;l:lort 

is 

as 

as 

vallues are WAII-I"I'liVjl:u1 

1 1 

1 

source ingles'ted ",/~tO" is rno,tor, .. '''' \1U~tO" ft:!' ,,!"t<::\I'-O mJVI~II, la!CU!ltrinle 

as 

mean CUll ,IUCIII prec:ipitcltion (Dalnsgc~ard, 1 
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9: of 

a 

1 

more ClelnVEl!CI n1on··mlElmmtillian ,..,,,nl"\l'In,ntc! were 

season reflleclted is 

oldest 

crown 

root 
cementum 

9.1. A schE,matic IOl1gituOinai section a mammalian canine tooth. Enamel 

covers the crown is sup,por1ed the from 

1 

more res,istcmt 

or rlolr'ltil"l'o 
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of i=n:::llmAI Anatite 

If 

sPl9ctira can 

A 

were 

<!:lIh."n'e .... tiinn h"" .... ..-t." are aoorc)Or'iate so 

9.2. 

.605 

1. 

V4 domain 

565 

V3 domain 

~----~~~-------, 
A 

N-H and/or 
O-H 

FTIR absorbance ;)IJ~:I\';IIUIII of a bio,logical apclllle shc)wirlC the .... hl',.,n~''''t .. 

and 590 5 The arrow 

indicates an N-H and/or O-H 

and carbonate 

at 1640 
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9.1. at the various bands that of 

and 

Indices Abbreviation Ratios 

BPI 1415 

Amount of A to API 1540 /605 

amount B- toA BAI 1415 /1540 

+605 1590 

as it 

1.8 

1.6 .. 
.. 

1.4 

1.2 

1 

0.8 

0.6 

0.4 .. 
0.2 

024 6 8 10 12 14 16 18 

9.3. Determination of the ""or',...or,t",r,,,, the BPI index 

!::vnthAlrir. carbonate apEltites. MOldlfiE~d from LeGeros Sp(lnh49imer and 
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9: Chemical of Enamel 

in 

one extant V8,ra",us {rn,1'\nitnr 

one 

one Thl7mlXOldo.n, 

tk<:~ro'tnro n.rnuilio a lon,ger record 

1 

mineral conltannincmts in 

a IOVlf-s,>ee!o rr\t!:lf,\/ a 1 mm diamond··tiPI;>ed 
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9: Chemical Enamel 

Table 9.2. Localities the various spEtcirnerls examined in the FTIR and stable 

connpslriSC:)n with the norl-mammailian material. 

Genus 

Crc,cocrlylLJS niloticus 

Varanus 

Giraffa can1e/clpalualls 

Sivatherium her,de.yi 

CROC2 

CROC6 

CROC? 

CROC10 
CROC11 
CROC12 

1a 
Dr&·trec:lted 1 b 

FTIR 

" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 

of Town " 
National Park " 

Skukuza " 

Table Loc::alilties of the non-mammalian cyrlodont material used for FTIR spE~ctros(:opic anc! 

stable isotlope an,al~>es in this FTIR am:llysis was not conduc:ted on Thlinaxocton due tID 

a lack available material. 

Genus FTIR 

Thrlnaxodon 

Diademodon Frere 

Trlrachodon North 
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9: 

Gin':Jffa ca,msi/o/.)al1daliiS c!!;~"""inl",.C!! were treateld 

an asplirat4Jr 

SOIUDlle t" ..... 1'II"1 rv'I,n;Cllntc!! \ 'lJClI'IJ'''''3 J were rennmreCi 

sannplE~S were 

sarnplle was a 

VRrRrw.C: salnples were 

of Enamel 

non-

prEr-trealtm4;)nt is remove 

a 

1 

n;Cll'''Itil''';ClI SIDec:tra were 

ensure 

were 

were 

ttleireflore Drei-trE~atlnelnt was 

were 

were 

were 

155 

an 

10 

were 

) 



Univ
ers

ity
 of

Cap
e T

ow
n

These dentme spectra were also compared with the Glra"a cameloparrJobs 

dentine spectrum 

(ii) Stable isotope Analyses 

Enamel was senally drilled in bands along the teeth, from the top of the crown 

to the base of the crown, parallel to the occlusal surlace (Figure 9 4). USIng a 

low-speed rotary dnll WIth a 1.5 mm diamond·llpped bit. Each sample per band 

weighed approxImately a 7 mg 

Fogure 9 4 Senally sampled DlsdomodOtl canWle tOOlll The numbers '·5 (from lOp of crown 10 

oouom 01 Clown), represent bandS dr llHid elor'lg me toom 

Isotopic ratios were measured using a Finnigan Mat 252 mass spectrometer 

C02 was obtamed by aCid hydrolYSIs uSrng 100% pure phosphorIC aCid (H3PO~) 

at 70·C and collected by cryogenic distillation Standards (NBS 18. NBS 20, 

Carrara Z and Lincoln limestone) were used to obtain a 4·point regression 

curve. which was used to calibrate the sample data. Ratios are reported 

relative to the POB standard (marine carbonate belemnite from the Pee Oee 

FormatJon) (Bocherens et al. , t993: Fogel and Crfuentes. 1993) 

9.3 Results 

9.3.1 Fourier TranSform Infra-red Spectroscopy 

The Founer Transform Infra-red spectroscopic results are presented first as thiS 

analysis was conducted pnor to the stable isotope analyses 

,,. 
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r.1'I, .. nt'~r 9: Chemical of Enamel 
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9: of Enamel 

A B 

500 1000 1500 2000 500 1000 1500 2000 

A B 
2. 

2 2.5 

~ 
c 
«I 1. 1: 
:i ..c 1 . « 

500 1000 1500 2000 500 1000 1500 2000 

9.S. Unore-tl'eatlad extant canrte/c)pajrdajf/s dentine FTIR 
SpE~ctra. AJrrOYIfS indicate 
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r.h:::mtl"r 9: Chemical An:::!lv'~AC:: of Enamel 

A B 

2 

.8 

.6 

.4 

.2 

500 1000 1500 2000 500 1000 1500 2000 

9.7. Extant ere/coldylils arrow 
indicates v4 domain 

A B 

.5 

.8 

B .4 c: 
ro -e .6 
0 
en 
.c « .3 

.4 

.2 

.2 

.1 

500 1000 1500 2000 500 1000 1500 2000 

9.B. Extant Varanus enamel arrow indicates v, 
domain. Closed arrows indicate the 1&::1:;·7 .... n'\·' 
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A 

1. 

500 1000 1500 2000 

henldey; enamel FTIR 
arrow indicates v 4 

domain. 

3 

500 1000 1500 2000 

arrow indicates v 4 

domain. 

Enamel 

500 

domain. 

1. 

500 

1000 1500 

CYI10QlnatJ1us enamel FTIR 
arrow indicates v. 

1000 1500 

(b)'1280cnn" and 

B 
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r.hRntp.r 9: Chemical of Enamel 

B V3 

are in 

Table 9.4. Indices of extant and fossil enamel obtained from the FTIR The 

overall carbonate content has been estimated the between 

BPI and carbonate modified from LeGeros (1991). shown in 9.3. 

Taxon BPI API BAI PCI 

Giraffa 1a 0.316 0.167 1.545 3.183 3.75 
1b 0.312 0.186 1.666 3.855 3.75 

6 0.57 0.369 1.547 2.71 6.25 
niloticus 7 0.577 0.316 1.826 2.764 6.25 

8 0.603 0.367 1.644 2.648 6.5 
9 0.606 0.38 1.596 2.632 6.5 
10 0.649 0.4 1.621 2.623 7 
11 0.506 0.311 1.629 2.79 5.75 
12 0.545 0.337 1.619 2.773 6 
13 0.555 0.355 1.564 2.704 6 
14 0.493 0.321 1.538 2.853 5.65 

Varanus 0.717 0.591 1.213 2.51 7.25 

0.354 0.227 1.561 3.279 4.15 

SAM-PK-K3029 0.669 0.375 1.785 3.072 7 
0.526 0.395 1.333 3.294 5.75 

Diademodon UMCZT504a 0.533 0.207 2.575 3.892 5.75 
UMCZT475 0.567 0.226 2.509 6 
UMCZT504b 0.574 0.256 2.246 3.732 6.15 

Trirachodon SAM-PK-K5881 0.611 0.329 1.855 3.275 6.5 

are 

1 t-

::: 11; P < 
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!!I 
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m 
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3 

2 

a b c d 

Genera 

a Giraffa 
b Sivatherlum 
c ni/oticus 
d Varanus 
e 
f Dladamodon 
9 
h extant mammal '" 

9.13. PAlr~Ant~II'lA carbonate 

I'lAl'lArA preser:lted in the names 

to obtain 

~nl!\nrIAinnAr and 

1 
1 
9 
1 
2 
3 
1 
5 

e 

of 

sarrlple size for connpalfis()n with the ...... J:lt.:.rl!J:lI 

cyn'oCEi~phl.ilus (Sp1onh,eimer and 
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1 1 more 1 

we~ ani3lY~ied (SJ~M-Pt(-K:30:29: ~/LHI/1 

hAI·Afc)rA. itis poslsible 

is C!h ..... ull"'I 

164 



Univ
ers

ity
 of

Cap
e T

ow
n

9: 

.,.1"11,.\\u.,. <tlinntl\l more va Ii at)ilitl/, it is 

variability is tiir'::loMiinn!:ll1 

were an~~IV~~ACI \A/hi"'h orc,vicled a 

v,u"i::.tiinn is dinectiional or 

same 

1t:::;IUU::; are 

VQlloIC;i:IJ are prEtSenteld 

or is 

so some 

more are nel:ldEtd 

165 



Univ
ers

ity
 of

Cap
e T

ow
n

·1 

·2 

·3 

-4 

Q) 
·5 :::I 

"iii 
> 

-6 

·7 

·8 

·9 

·10 

9.14. 

teeth .......... ,'-''-' 

·10.6 

·11.6 

·12.6 

-13.6 

5. 

CROC1 

and 

2, 

? '. 
" . 

~ 

. . 

9: 

CROC2 

Tooth samples 

CROC3 

of Enamel 

'0 

-0' 

the enamel carbonate of extant C"'COC:/yILIS niloticus. Three 

from three different indiVicluals were am.lysed. 

. . . . 
.1- • . . . . 

'. 
'., 

- '. . 
~ ~ 

~I~ 
i 1---1----.., 
I I I I ! 

Tooth samples 

and ratios of the Anl:ilm.~1 carbonate of the nnl,.lTu:;n'm'l:iIli~ln C'vncldolnt 

Thrinaxodon sPE,cinlen IB/IP/IJ50:Wl. tooth was am:llys,ed. 
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-10 

-11 

-13 

-14 

9.16. 

·10 

-11 

-12 

Q) -13 ::::I 

~ 
-14 

-15 

-16 

-17 

9.17. 

~ / / ~/ 

[] --- - - - 'IJ,. '. , 
. ":" 

--. - ••• 1:] 

SAM·PK-K3029 

Tooth 

'';/ 
CT 

B/P/1/1675d 

y 
. . · 1J 

of Enamel AOlEltite 

'0 

-0-

and ratios of the enamel carbonate of the non-mammalian cyrlodont 

One tooth from each individual (::;"~M··I-'K,-K;jU:t!:l:.f and R/C'/1/1! 1-':7,1';;1'1\ was used. 

0 • , , , , 
, :=' . : , . I , 

: • , I , . I I 

, , , , , , 
I , , , , 

n II 

0 I 
9 

I , .. , , I I .. . ' , n .. . 
I : II 

, 
I I , I P " , 

I' . . II · I , , , • . . • I · , . . . r, . ... 0 
, • I, · . I I , 

0'0'0 I , .1'" I : . : • • . . . • , 
, , 

't:! · : : ~, I · .0 • 
• , .. , , : tI • P . I 0 · • • • • • . · , 

• . 
0 . · I .. • 6 

b. • • . -.. 
T472 T471 T473 T474 T487 T504a T470 T443 

Tooth 

ratios of the enamel carbonate of the nOIHJlanlmalil:m c:)lnoldolnt Diademodofl. 

Each group of 

individuals. 

teeth from several 

closed circles are used to c1i~llinrllli!';;h between successive teeth 

tooth is a UMCZ T c::n"'l"inn"," see .o.nlrl"'l'"iniv 1 for institutional abt)rel/iationls) 
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9: Chemical 4n':lIlv!~QQ of Enamel 

4l 
::::I -14 
~ 

·12 

_lit, l.' I I , 0 
~, I i , · ! I . • • · · p 0 · • i '" n ",' . • 

• : I ,~ • i • , " . i 
i · • · · 0 . , . • • ! · · , i 
i , 

I '0 i I · , • • I , ' , , ~ • • 
. 

" . i', I 

,0', 
I • • • ! , " , , 
I , : " : jt 6 , !, 0 

I '.I'> I' , , , 0 

0 0 ... "'-0 • , 
II • 

. lilt, 0 , 
0 · , • , 
0 · 0 • .. • . · • q • · , • , • . 

-13 

• , . 
• , , 
• .,.: 
0 ... -15 

-16 
T472 T471 T473 T474 T487 T504a T470 T443 

Tooth samples 

ratios of the enamel carbonate of the non-mammalian cynlodlJnt, Diademodon. 

and closed circles as in 9.17. 

-7 

-8 
p 

, 

· -9 . 
: . 

\U ·10 
:::I 

~ 
·11 

-12 

·13 

,. 
l~~~~~~ -' 

--' .g., -' V -,$ , 
c#$ -, c J 

:' / ... 
! -0 

-14 
"'AU BV SAM·PK-K5881 (2) _ ... ., .vw" '\ 'I 

-0-

T oath samples 

9.19. and ratios of the enamel carbonate of the non-mammalian cynlod1ont 

Trirachodon. Two teeth from two diff,erslnt individuals (S.t~M-PK:·Kl58e:1(1 

were sarnpled. 
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Aor::lenCIiX 4 

-10.5 

t..-. 

-11.0 ;, 

-11.5 
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-12.0 

u:I -12.5 Q) 

........... "." ............... ~ 

:::I 

1 -13.0 .... 
... 

odon ! 
-13.5 

-14.0 

·14.5 

...................... 

l~ 0 

\., 0 0 
./ 

.................. , ....... ! I ·15.0 
·16 -15 -14 ·13 ·12 ·11 ·10 

values 

9.20. versus ratios of the non-mammalian 

Cynognathl.J's, DiadE~modon and Trir6tcho,don. 

are signlUcarltly 

more 

(lnCleOj9ndent 1-1allea .. Y""'''Y' = p< 

= 

some 
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aevlaIlcm = 1 

limitatiJons as 

1 

as a 
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reoresent warmer per'lods, V\i'heresls more 
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in verllTVlrla 

van.l'!7;:' are Cl;inniti,l"'~r\tlv 
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The results of the bone cross-sectional geC)mE,try, bone histo/c)gy and stable isotopie alna~vssis of 

the non-mammalian are The bone cross-sectional 

ge()mE~try and stable isotope anal/ysl~s reveal imt)ortant ImlJ,/iccltI011S of the habits of 

these anllinals (sec;tion 10. fB~~Ul9fzu§ cross-sectional ge()mE~try results that the 

reilitively thick bone walls are an adcipt'!Iticln an aqluat.ic m'esly/e and 

buc)yalncy while in the water. As relative bone wall values were also 

in the fassorial I!i!.~~2l! and I!i1~1SJ!:!, proipo~~ed that thick bone walls are also 

an adciptlitioln for a fossorial Ilte,styl'e. rela,tive bone wall thickness values the 

l2ii~2!Q.!'t!2!1 limb bones combined with the delJ,/etEld enamel car.bOfllate 

that animal was The bone his;to/cigy 

values su"ge,st 

animals revealed 

distinct ".. _..... Datterrls for each p~lsible reasons for the observed variabji/ity, such 

as Phlflo"enI9tlc COflstr.eint's. OJ1to'lenetic var/'ation eJ1vif'OnlTle/1ta/ fluc'tuatioflls, Inter-e/emental 

variab.ilitv and sexual din,olj'Jhil~m, are discussed in section 10.2. Fourier Tra.nSfcJnn mrr.a-relo 

indicates a in BPI and carbonate 

content between the extant .Qa~rtl!Jji§. [ljfJQ11!2Y§ and non-mammalian CYflod'ont em:tmI91, which 

sU'1gssts a in structural The value and oxygen {sotop'e a,na(vse1s 

to pre)Vfore ifllfonrnaltion reg!aro1lng seasonal variability is also discussed (sect/cm This 

has revealed infonnation to the and nrnW1n 

non-
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is cre:sel1t 

nAlnAr'~ s1tudied is tll)I'O-lamlell~u 
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more 
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Qvt~nt malnmals, it 
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were aV~~lIaDle 
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Trilrvlc)dQln &&11&&ml&&n1tQ OI,UUI'CIU, it is reelsonalble 

cause \/!:lIlri!:llt'inru~ 
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more ra[)idllv 

an avtilnrot anilmal 

are 

can 

is Qin"jlfllr' 

were 

were 

were 

histol()gh::allly more Qim,jl!:lr are 

188 



Univ
ers

ity
 of

Cap
e T

ow
n

a 

more ra[)idllv 

CO iii sid e reid , as differelnc~:ts vae;cularisaltion can 

are 

area 

lCII\lIr1lC11l,t even beltwelen 

Im,Q.rll~ SAM-PK:-KIB9jr1a 

same 

are 

was 

are L ............. "" are ~h'C!lCII'"It 

1..J"'\' ...... i:I. wnlcn are SOlmetllTleS 1I1!,.1I11I-/IC, are preiselnt 

189 



Univ
ers

ity
 of

Cap
e T

ow
n

InalVIOluallS are ni01riOrrnil"liOn 

are 

nht'!lIin a 

is 

narrower areas 

miI1~MI~tt was 

• 
cornp(~ctE~d coarse carlcellOlJS tussUle 

reasons 

iOliOmiOnt~ re[)re:sellt one SPE~CIE~S hlDWleVf~r 

InOIVIClualS is ex~)ectea 

191 

use 

some 

area 

was 

If 



Univ
ers

ity
 of

Cap
e T

ow
n
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staDle isotope anaIIYSE~S were vVIIUl.Jlvtll:'U on ~vt!:llnt 
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Horowitz, 1 
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Genus 

E uus hemionus 

Ovis 
montana 

mink 
reindeer 
steinbok 

Tamandua T 
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Ann,l"nt:liv 4a: Fourier Transform Infra-red BPI 

Genus 

0.57 

Varanus 

0.74372 0.352 

0.81096 0.6685 
0.53 

1.1748 0.533 
1.282 0.614 

Trirachodon 0.611 
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Aplperldix 4b: Fourier Transform API 

Genus 
number 

Giraffa came/o ardalis 1a 0.214 
retreated 1 b 0.196 

Varanus 604.1 

604.24 

Trirachodon 1543.3 
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AplPenldix 4c: Fourier Transform Infra-red SAl 

Genus 

Giraffa 

Varanus 

Trirachodon 

number 
1a 

1.855 
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Aplpel1idix4d: Fourier Transform Infra-red PCI 

Genus 

CROC6 
CROC7 
CROC8 
CROC9 

CROC10 
CROC11 
CROC12 
CROC13 
CROC14 

Varanus 

589.78 
590.1 

589.69 
589.92 

590.18 

xix 

Absorbance Total 

3.151 
3.799 

2.788 
2.769 
2.703 
2.831 
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Aplpel1ldix 5: Fourier Transform Infra-red indices taken from Spji)nl1leinner and 
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6: and 

Genus 
number 

Ius CROC1 1 
niloticus CROC1 2 

3 
4 

-2.415 -3.87 
4.018 4.363 
-3.61 -3.948 

-3.289 -3.621 

1 4.26 
2 

CROC3 3 
CROC34 

Thrinaxodon 

-11.393 

-14.3 -13.645 -14.164 -13.8 
-13.779 -14.3 
-13.632 -14.15 
-13.389 -13.903 
-12.069 -12.559 

-11.786 
-13.31 
-13.23 
-13.359 
-13.284 
-13.387 

UMCZ T474 1 
UMCZ T474 2 -14.136 -14.663 
UMCZ T474 3 -14.196 -14.724 

UMCZ T487 1 -14.22 -14.749 -15 
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