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significant; F = 5 · 04 as compared with a value of 3 · 77 for a prob­
ability of one per cent . against the difference being due to experi­
mental error. The breeds rank in the following descending order: 
Afrikander, Shorthorn, H ereford, Aberdeen-Angus and Sussex. 

TABLE VIII. 

Analysis of Va'r'iance of H ei.r;ht at Hh thers. Final M easurem ents . 
11 al.f-bred Steers. 

Source Degrees Sums Mean Standard 
Group. of of Free- of Squares. De via- F. 

Variation. dom. Squares. tion. 

·> , •• 

1931 ....... . . Total .......... 63 143·5273 - - -
Between breeds 4 7 ·9556 1·98 - -
Within breeds .. 59 135 5717 2·29 1·51 1· 55 

1930 .. .. .. . .. Total ...... .... 53 99 · 8330 - - -
Between breeds 4 6·2819 1·57 - -
Within breeds .. 49 93 5511 1 ·91 1·38 1 ·22 

1929 .. .... ... Total .. ........ 49 167·2621 - - -
Between breeds 4 51·7701 12·94 - ... ... . -
Within breeds .. 45 115 ·4920 2 ·57 1·59 5 ·04 

M EAN DIFFERENCES. 

1931. . . . .. .. . I Not significant. 
1930 .. . . . .... Not significant. 

Shol'thorn. H ereford. Ab.-Angus. Sussex. 
1929 . . . . .. . .. Afrikander . . .. . 0 54± 0·81 0 ·61± 0 ·68 2 ·36± 0 ·66 2 ·83 ± 0 ·72 

Shorthor-n . ... .. - 0·07 ± 0 ·81 1 · 82± 0 ·77 2 ·29 ± 0·84 
H ereford ....... - - 1 ·75 ± 0·66 2·22 ± 0·72 
Ab.-Angus .. . .. - - - 0·47 ± 0·69 

The first three breeds are significantly higher over the withers 
t han the Aberdeen-Ang us and Sussex. · The differences between all 
oQther breeds are not significant. 

Table IX shows the analysis of variance of height over hips. 
'l'he breed differ ences prove to be highly significant in each age 
_group, the corresponding values for F for the one per cent. point 
being 3·65, 3·72 and 3·77 as compared with 4·39, 3 ·68 and 5·47 f{)l' 
the t hree groups respectively . 

Inspection · of the mean differences between individual breeds 
indicates that the Afrikanders are significantly higher over the hips 
than the Aberdeen-Angus in all age groups. In the 1931 group the 
Afrikanclers are also significan tly higher t han the Shorthorns; in 
the 1930 group they are significantly higher than the H erefords, 
and in the 1929 groups significantly higher than the Sussex. I n 
the 1931 group both Sussex and Herefords are signifiacntly higher 
than the Aberdeen-Angus and in the 1929 group the Herefords and 
the Shorthorns are significantly higher than the Aberdeen-Angus. 
In each case the Afrikanders show the greatest height over hips and 
the Aberdeen-Angus the least height except in the 1930 group where 
the Herefords show a slightly lower figure than the Aberdeen-Angus. 
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The other breeds occupy intermediate positions and show no con­
sistency in their ranking with respect to each oth er from one age 
group to the next. 

'rAnLE IX. 

Analysis of Vm·iance of H e-ight O'VC1' H ips. Final .Measu1'ement. 

If al f -b1'ed Steen. 

Source Degrees Sums Mean Standard 
Group. of of Free- of Squares. 

De via- F. 
Variation. dom. Squares. tion. 

1931 ..... . .. . Total. ......... 63 186 4131 - - I -
Between breeds 4 42·8085 10 70 - I 4 ·39 

Within breeds .. 59 1'1,3 6046 2 43 1 ·56 -
1930 .. ...... . Total .......... 53 125 ·1861 - - -

Between breeds 4 28·9496 7 ·24 - 3 ·68 

W ithin breeds .. 49 96·2365 1 96 1 40 -
1929 .•••....• Total. ......... 49 163·7089 - - -

Between breeds 4 53·5725 12 ·39 - 5 ·47 

Within breeds .. 45 110 ·1364 2·45 1·56 -

MEAN D IFFERENCES. 

Sussex. Hereford. Shor thorn. A b .-Angus. 

1931 .. . . .. .. . Afrikander .. . . . 0 ·43 ± 0 ·56 0·68 ± 0·60 1·40± 0 ·67 2 ·22± 0 ·59 
Sussex ...... . .. - 0 25 ± 0 60 0 ·97 ± 0 64 1 ·79± 0 ·56 
Hereford ..... .. - - 0 72 ± 0·67 1·54± 0·60 
Shorthorn .... . - - - 0· 82± 0· 67 

Shorthorn. Sussex. Ab.-Angus. H ereford. 

1930 ......... Afrikander ..... 0·59± 0·60 0·80± 0·58 1·16± 0·54 1·25±0·62 
Short horn .... . . - 0·21 ± 0·64 0·57 ± 0 61 0 ·66 ± 0 ·68 
Sussex ......... - - 0·36± 0·57 0 ·45± 0 ·6() 
Ab. -Angus .. ... - - - 0·09± 0 63 

H ereford . Shorthorn. Sussex. A b.-Angus. 

1929 ..... .... Afrikander .... . 0 ·82± 0 ·67 1·00± 0·79 2 ·08± 0 ·70 2 ·75± 0 ·64 
Hereford ....... - 0 ·18± 0·79 1 ·26±0·70 1 ·93 ± 0 ·64 
Shor thorn . . . . .. - - 1 08± 0·82 1·75± 0·76 
Sussex .. . .. . ... - - - 0 67 ± 0·68 

It should be noted that the relative positions of the breeds m 
respect to heigh t over hips are very similar to those for height at 
withers. 

Inspection of T able X shows that the differences in body length 
between breeds is signific-ant only in the 1929 group, although the 
values of F in t he other groups approach significance. Referring to 
the mean differences beh·een individual breeds in the 10'1...-er part of 
t he table it is qui te apparent that the high value obtained for F in 
the 1929 group is clue entirely to the exceptionally great length of 
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body of the Herefords as compared with the other breeds, the former 
being significantly longer than all other breeds. The differences 
between all other breeds are not statistically sign ificant. 

Group. 

1931. ........ 

1930 .. .... .. . 

1929 .. ...... . 

1 
1 
931. ........ 
930 .. . ... . .. 

929 ..... .. .. 

Group. 

1931 ..... .... 

1930 ......... 

1929 . ... . .... 

TABLE X. 

Analysis of T1 m'iance of Body Length. 

Yinal Measurements of Steers. 

Source Degrees Sums Mean Standard 
of of Free. of Squares. De via- F. 

Variation. dom. Squares. tion. 

Total .... .. .. .. 63 234·0000 - - -
Between breeds 4 26·2691 6·56 - 1·86 
Wit hin breeds . . 59 207·7309 3·52 1 ·88 -
Total . .. ...... . 53 225·2697 - - -
Between breeds 4 30·9083 7·72 - 1·95 
Wit hin breeds .. 49 194·3614 3·96 1 ·99 -
Total .. ..... . .. 49 283·9293 - - -
Between breeds 4 60 0425 15·01 - 3 ·03 
Within breeds . . 45 223·8868 4·97 2·23 -

MEAN .DIFFERENCES. 

Not significant. 
Not significant. 

A b.-Angus. Shorthorn. Afrikander. Sussex. 
Hereford . . ..... 2 · 49± 0·91 2·76± 1·13 3 ·18± 0 ·95 3 ·21 ± 1·00 
Ab.-Angus ..... - 0·27 ± 0·08 0·69± 0·91 0·72± 0·97 
Shorthorn . .. .. . -

I 

- 0·42± 1·13 0·45± 1·17 
Afrikander ... .. - - - 0·03 ± 1·00 

TABLE XI. 

Analysis of Variance of D epth of Chest . 

Pinal Ll1 easu1·ement of SteeTs. 

Source Degrees Sums Mean Standard 
of of Free- of Squares. De via- F . 

Variation. dom . Squares. t ion. 

Total ......... . 63 37·9975 - - -
Between breeds 4 5 4957 1 37 - 2 ·49 

Within breeds .. 59 32 5018 0·55 0·74 -
Total. . .. . .. ... 53 44·2276 - - -
Between breeds 4 8·9663 2 24 - 3 · 11 

Within breeds .. 49 35·2615 0·72 0·84 -

Total .......... 49 44·9962 - - -

Between breeds 4 8·7931 2 19 - 2·73 

Within breeds .. 45 36 ·2031 0-80 0·89 -
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TABLE XI (cont.). 
MEAN DIFFERENCES. 

Hereford. Ab.-Angus. Shorthorn . Afrikander. 

1931. .... . ... Sussex ......... 0·12± 0·29 0·42± 0·27 0 ·53 ± 0 ·30 0·77± 0·27 
Hereford ....... - 0·30± 0·28 0·41 ± 0·32 0·65± 0·28 
Ab.-Angus ..... - - 0·11 ± 0·32 0·35± 0·28 
Shorthorn . .. ... - - - 0·24± 0·32 

Hereford. A b.-Angus. Shorthorn. Afrikander. 

1930 ......... Sussex ......... 0 ·44± 0 ·40 0·74 ± 0·35 1·11 ± 0·39 1·14± 0 ·35 
Hereford .. . ... . - 0 30± 0·38 0·67 ± 0·41 0·70± 0·37 

I 
Ab.-Angus . . . . . - - 0·37 ± 0·37 0·40± 0·33 
Shorthorn ..... . - - - 0 03 ± 0 ·36 

I Afrikander. Shorthorn. Ab.-Angus. Sussex. 

1929 ......... Hereford .... . .. 0·55±0·38 0·80± 0 ·45 0·84± 0·36 1·30 ± 0·40 
Afrikander ..... - 0 ·25± 0 ·45 0·29 ± 0·37 0·75 ± 0·40 
Shorthorn ..... . - - 0·04± 0·43 0·50± 0 ·47 
Ab.-Angus .... . - - - 0·46± 0 ·39 

TABLE XII. 
Analysis of Vmiance of Width of Chest. 

Final M easurem,ents of Steers. 

Source Degrees Sums Mean Standard 
Group. of of Free- of Squares. De via- F. 

Variation. dom. Squares. tion. 

1931 ......... Total ..... . .... 63 38·7956 - - -
Between breeds 4 6·3735 1· 59 - 2·90 

Within breeds . . 59 32·4221 0·55 0·73 -
1930 ......... Total .. .... .... 53 33·4253 - - -

Between breeds 4 3·4735 0·87 - 1 ·42 

Within breeds .. 49 29·9518 0·61 0·78 -
1929 ...... ... Total .......... 49 37 ·3113 - - -

Between breeds 4 7·2418 

I 
1·81 - 2 · 71 

Within breeds .. 45 30·0695 0·67 0·82 -

MEAN DIFFERENCES. 

Hereford. Afrikander. Ab.-Angus. Shorthorn. 

1931. . ... .... Sussex ......... 0·16± 0·31 0·54± 0·26 0·56± 0·26 0·78± 0·30 
Hereford ....... - 0·38± 0·28 0·40± 0·28 0·62± 0·31 
Afrikander ..... - - 0·02± 0·28 0·24± 0·31 
Ab.-Angus ... .. - - - 0·22±0·26 

1930 ......... Not significant. 
Afrikander. Ab.-Angus. Shorthorn. Sussex. 

1929 ......... Hereford ...... . 0·64±0·35 0·83 ± 0 ·33 1·08± 0·41 1·16± 0·36 
Afrikander ... . . - 0·19± 0·33 0 ·44± 0 ·41 0·52± 0 ·37 
Ab.-Angus . .... - - 0·25± 0·39 0·33 ± 0 ·35 
Shorthorn ...... - - - 0·08± 0·43 
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TABLE XIII. 

Analysis of Variance of H eaTt GiTth . 

Final M easttrements of Steers . 

Source Degrees Sums Mean Standard 
Group. of of Free- of Squares. De via- F. 

Variation. dom. Squat·es. tion. 

1931 ......... Total ... .. . . . . . 63 296·4961 - - -
Between breeds 4 45·9354 11·48 - 2·70 

Wit hin breeds .. 59 250·5604 4·25 2·06 -
1930 ...... . . . Total ........ . . 53 369·3750 - - -

Between breede 4 52·7218 13·18 - 2·04 

Within breeds .. 49 316·6532 6·46 2·54 -
1929 ......... Total . ... ... . .. 49 290·4250 - - -

Between breeds 4 51 ·6708 12·92 - 2 ·43 

Within breeds . . 45 238·7542 5·31 2 ·30 -

MEAN DIFFERENCES. 

I 
Sussex. A b.-Angus. Shorthorn. Afrikander. 

1931 .... . . ... Hereford .... . .. 0·23 ± 0 80 1·48± 0·79 1·89± 0 ·89 2·05± 0·79 
Sussex . ... ... . . - 1·25± 0·74 1·66± 0·85 1· 82±0·74 
Ab.-Angus .. ... - - 0·41 ± 0·88 0·57 ± 0·78 
Shorthorn ...... - - - 0·16± 0 88 

1930 ...... . .. Not significant. 
Shorthorn. Afrikander. Ab.-Angus. Sussex. 

1929 ......... Hereford .. . .... 1·69± 1 ·17 1·72± 0·98 2 ·42± 0·94 2·83±1·03 
Shorthorn ...... - 0·03± 1 ·17 0·73 ± 1·11 1 ·14± 1 ·21 
Afrikandcr ..... - - 0 ·70 ± 0·94 1·11 ± 1·03 
Ab.-Angus ...... - - - 0 41 ± 0·99 

Tables XI to XIII show the differences in ch est m easurements 
between b1·eeds. 'l'he values of F for depth of chest are significant 
for all age groups (Table XI). The mean differences in the 1931 
group show a significant value only beb,·een the SlPssex and the 
Afrikanders in favour of the former breed . In the 1930 group the 
Sussex are again significantly deeper in the chest than the Afri­
kanders. In addition, the Sussex also prove significantly deeper 
than both Aberdeen-Angus ancl Shorthorns. Other mean differences 
are not significant. In the 1929 g-roup the only significant differences 
are those between the Herefords on the one hand and the Aberdeen­
Angus and Sussex on the other h and, in fayour of the former. 

In ''idth of chest t h e Yariance behYeen breeds is significant for 
the 1931 and 1929 groups (Table XII). In the form ~r t h e mean 
1hfferences are significant beb,·een the Sussex on the -one h and and 
t he Afrikanclers, -Aberdeen-Angus and Shorthorns on the oth er. In 
the 1929 group the H erefords are significantly deeper than the 
Aberdeen-Angus, Shorthorns and Sussex. Other mean differen ces 
are not signifi cant. 
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In heart girth the variance behYeen breeds is significant in the 
1931 and the 1932 groups (Table XIII). On a nalysis t he mean 
diffel'ences sho"· that in the former age gronp the llleasurements of 
the Herefords are significantly greater than those of th e Shortl10rns 
ancl Afrikanclers. In the latter age gro up the Herefonls exceed the 
Aberdeen-Angus and Snssex in a sig nificant clegr ee. The mean 
<li:fferences beh·een other hrreds are not significant. 

TABLE XIV. 

Aualys1:s o.f Tlm'iance of 111-idth of Lm'n. 

Final J1 easuTe?nents of Steen. 

Source De~rces Sum s i\1:can Standard 
Group. of of Free- of Squares . Devia- F . 

Variation. dom . Squares. tion. 

1931 . ... . .... Total ..... . .... 

I 
63 21·9678 - - -

Between breeds 4 4·4647 1 ·12 - 3· 76 

Within breeds . . i)9 17 5031 0 30 0 54 -
1930 ... . ..... T otal . . ... ... .. 53 26 6309 - - -

Between breeds 4 9·8736 2-47 - 7 ·22 

Within breeds .. 49 16 ·7573 0 ·34 0·58 -
1929 ........ . Tota l ..... . . . .. 49 27 ·8263 - - -

Between breeds 4 10 ·6203 2·65 - 6· 94 

Within breeds .. 4i) 17 ·2060 0 38 0 62 -
-

MEA X DIFFERENCES. 
- - -

Shorthorn. H ercfoJ·d . A b.-Angus. Afrikander. 

193 1 .. .. ..... Sussex .... . ... . 0·40 ± 0 22 0·54± 0· 27 0·54± 0· 20 0 ·74±0·20 
Shorthorn ... . .. 0·14± 0 23 0· 4 ± 0 23 0 34± 0·23 
H e1·eford ...... . 0·00 0 20± 0·21 
Ab.-Angus ... .. 0 20 ± 0·21 

Ab.-Angus. Shorthorn. ffereford. Afrikandet·. 

1930 ......... Sussex ......... 0 · 69 ± 0·24 0 ·72 ± 0·27 0 ·75 ± 0 ·28 1 ·23 ± 0 ·24 
Shorthom ...... 0 03 ± 0·25 0 06± 0 26 0·54± 0 ·22 
Hereford ... .. .. 0 ·03 ± 0 ·28 0 ·51± 0·25 
Ab .. Angus ..... 0 48± 0·26 

Sussex. Ab.-Angus. Shorthom. Afrikander. 

1929 ... ...... H ereford ..... .. 0·38± 0·28 0 ·05± 0·25 0· 84± 0·31 1 ·35 ± 0 ·26 
Sussex . . ....... 0·27 ± 0·27 0·46 ± 0·32 0 ·97± 0 ·28 
Ab.-Angus ..... 0 ·19± 0 ·30 0·70± 0 ·25 
Shorthorn ...... 0·51 ± 0 ·31 

It " ·ill be noted that th e breeds clo not m aintain the same relative 
positions to eaeh other in the three age groups in respect of chest 
measurements . In the 1931 and 1930 groups the H erefords and 
Sussex show the highest Yalues for each of th ese measurements " ·hile 
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m th e 1929 (oldest) group t he Sussex h ave the smallest Yalues for 
th ese measurements . A possible explanation for this inconsistetu~y 
in the behaviour of the Sussex may be sought in a differential growth 
rate at different ages . This vie\\- is supported by the fad tha t the 
Sussex sh mYed the second h igh est average depth of chest and heart 
girth , in the initial measurements of the 1929 group at the age of 
20 mont hs as compared with the highest and Reeond high est average;:; 
r e,;peetively at the same age iu the 1830 and 1931 groups. Similarly 
in \\-idth of el1est t he aYerage in itial measurement of th e animals of 
t h is breed are midway heh\·een th ose of the other bree(ls and onl:y 
sligh tly below that of t he II ere fords . 

TABLE XV. 

Analysis of T!a1'1·ance of TVidth at Hooks. 

Finnl Jl ! easl!remcnts of Steers . 
.. 

Sour·ee Degrees Sums Mean Standa r·d 
Group. of of Free- of Squares. Devia- F. 

Variation. dom. Squares. tion. 

1 
: I 

031. . . .. . . .. Total .... .. . . . . 63 23· 8302 - - ! -I 

Between breeds 4 8 3100 2·08 - I 7 ·91 I 
Within breeds .. 59 15 5112 0·25 0·50 

I 

-
1930 . . . . Total .. . ..... . . 53 62·9503 - - -

Between breeds 4 21 8905 5·47 - 6· 53 

Within breeds .. 49 41 ·Oi'i98 0·84 0 OJ I -
1929 .... . Total .......... 49 54 ·7i'i13 - - -

Between breeds 4 37·0389 9·26 - 23· 52 

Within breeds .. 45 17 ·7124 0·39 0·63 -

MEAN DIFFERENCES. 

H ereford. A b.-Angus. Shorthorn. Afrika nder. 

1931. .... . . . Sussex ...... ... 0·17 ± 0· 19 0 ·54± 0·18 0 ·64± 0 ·21 1·74± 0 ·18 
H ereford ...... . 037± 0·19 0·47 ± 0·22 1·57± 0 · 19 
Ab.-r\ ngus .... . 0 10± 0·21 1·20± 0· 19 
Shorthorn ...... 1· 10± 0 ·21 

Shorthorn. }lereford. Ab.-Angus. Afrikander. 

1930 •. . . . . ... Sussex ... .... .. 0 ·13± 0·42 0·14± 0·43 0·20± 0· 37 1· 52 ± 0 ·38 
Shorthorn ... . .. 0·01± 0·44 0·07 ± 0·40 1·39± 0 ·39 
H ereford . ... . .. 0·06 ± 0 ·41 1 ·38± 0 ·40 
A b.-Angus . . . .. 1·32± 0 ·35 

Sussex. Shorthorn. Ab.-Angus. Afrikander. 

1929 ..... . ... H ereford .. . .... 0 ·81 ± 0 ·28 0 ·98± 0·32 1·54± 0 ·26 2 ·41 ± 0·27 
Sussex ... .. .. .. 0 ·17± 0·33 0·73 ± 0 ·27 1 ·60± 0 ·28 
Shorthorn . . .... 0 ·56 ± 0 ·30 1·43± 0 ·32 
Ab.-Angus .. .. . 0·87± 0 ·26 
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TABLE XVI. 

Analysis of VMiance of Width at Thmls. 

Final Measurements of Stem·s. 

Source D egrees Sums Mean Standard 
Group. of of Free- of Squares. De via- F. 

Variation. dom. Squares. t ion. 

1931 . . .. . .. .. Total .... .. .... 63 36·9961 - - -
Between breeds 4 8·8739 2 ·22 - 4 ·65 

Within breeds .. 59 28 ·1222 0 ·48 0·68 -
1930 .... . .. .. Total .. . . .. . ... 53 25·0834 - - -

Between breeds 4 8·9401 2·23 - 6 ·78 

Within breeds .. 49 16 ·1433 0 ·33 0· 57 -
1929 .... . . . . . Total .......... 49 34·4108 - - -

Between breeds 4 16·3589 4· 09 - 10·20 

Within breeds .. 45 18·0519 0·40 0·63 -

-

MEAN DIFFERENCES. 

Sussex. Shorthorn. A b.-Angus. Afrikander. 

1931 .. . ...... Hereford . .... . . 0 ·17 ± 0· 26 0·50± 0·29 0·66 ± 0· 26 0 ·73 ± 0 ·26 
Sussex .. ... ... . - 0·33 ± 0 28 0·49 ± 0· 25 0 ·56± 0 · 25 
Shorthorn ...... - - 0 ·16± 0·29 0 23 ± 0 ·29 
A b .-Angus . . . . . - - - 0 07 ± 0·26 

Shorthorn. Hereford. Ab.-Angus. Afrikander. 

1930 . .. . .... . Sussex .. .. ..... 0·10± 0·26 0·13 ± 0 27 0 44± 0·23 0 ·91 ± 0 ·24 
Shorthorn . . .... - 0 03±0 ·28 0 34± 0·25 0 ·81 ± 0 ·24 
Hereford ... ... . - - 031 ±0·26 0 ·78 ± 0 ·25 
Ab.-Angus . .... - - - 0 · 47 ± 0 ·22 

Sussex. Shor t horn. A b .-Angus. Afrikandcr. 

1929 ... .. .... Hereford .. . ... . 1 ·25± 0 ·28 1 ·28± 0·32 1·36± 0 ·26 1· 52± 0· 28 
Sussex .... . ... . - 0 03 ± 0 33 0 11 ± 0 ·27 0·27 ± 0·28 
Shorthorn ...... - - 0 ·08±0 ·31 0 ·24±0 ·32 
Ab.-Angus ..... - - - 0·16± 0 ·26 

'l'he measurements of width in the hindquarter are analyzed in 
'l'ables XIV to XVI. 'l'he following measurements are included : 
,1·idth of loin, width of thurls and " ·idth at hooks . 

In width of loin ('l'able XIV) the variance between breeds is 
highly significant for all age groups. In the 1931 group the Sussex 
exceed the Hereford, Aberdeen-Angus and Afrikanders in a signifi­
cant degree . In the 1930 g-roup t his breed exceeds all other breeds, 
the differences being highly significant. In this group the Afri­
kanders also prove to be significantly narrower in the loin than the 
Aberdeen-Angus and Shorthorns. Likewise, in the 1929 group th e 
Afrikanders are significantly smaller in the loin than all other breerls 
except the Shorthorns. In this age group the I-Iereforos also exceed 
the Aberdeen-Angus and Shorthorns in a significant degree . 
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In width at hooks the breed differences are also highly signifi­
cant for all age groups. In each group t he Afrikanders show signi­
ficantly smaller figures than all .other breeds. In the 1931 gr·oup 
the figures for the Sussex and Herefords are significantly higher 
than those of the Shorthorn. In addition, the Sussex exceed the 
Aberdeen -Angus to a significant extent. In the 1929 g roup the 
Herefords and Sussex also exceed the Aberdeen-Angus and in addi­
tion the Herefords exceed the Sussex and Shorthorn. 

In \Yidth at thurls (Table X.VI) the Herefords exceed the Afri­
kanders in all age groups. In the 1931 group th ey als.o exceed the 
Aberdeen-Angus while the Afrikanders are exceeded lJy the Sussex. 
In the 1930 group the A frikanders are exceeded by all groups in a 
highly significant degree. In the 1929 group the figure for the 
H erefords is significantly higher than those for all other breeds . 

It will be noted that the respective values of F are exceptionally 
l arge for all three measurement;,. This is largely the result of the 
large mean di fferences between the H erefords and Sussex at the one 
extreme and t l1 e Afrikanclers at the other extreme. The ·other breeds 
fall between these extremes and the mean differ ences between the e 
are small and mostly in significant. 

'l.'ABLE X.VII. 
Analysis of Varian ce of Depth of Flank. 

P inal J/ easurem.enis of S t eers . 

Source Dep:rees Sums Mean Standard 
Group. of of F r·ee- of Squares. Devia · F. 

Variation. dom . Squares. t ion. 

I I 1931 .. . . .... . Total ... .. .. .. . 63 48 0933 - - -
Between breeds 4 9·7578 2·44 

I 

- 3 ·75 

Within breeds .. 59 38·3355 0 65 0·81 -
1930 ... .... .. Total ... .... ... 53 66·0429 - I - -

Between breeds 4 5. 8()12 1·47 - 1 ·20 

Within breeds .. 49 I 60·1517 1 ·23 l · ll -
1929 ... . ..... Total .. . ..... . . 49 I 49·7200 - - -

Between breeds 5 

I 

20·7804 5 ·19 - 7 ·62 

·wi thin breeds . . 45 28·9396 0 ·65 0·81 -

MEAN DmFERENCES. 

Afrikander. Sussex. Shorthorn. A b.-Angus. 

1931. . .. . . . .. H ereford .... .. . 0·03 ± 0·31 0 17± 0·31 0· 86± 0·35 0·89 ± 0 · 31 
Afrikander ... . . - 0·14± 0·29 0·83± 0·34 0 · 86 ± 0· 30 
Sussex .. . ..... . - - 0·69± 0·33 0 ·72±0· 2.9 
Shorthom . .. . . . - - - 0 ·03±0 ·34 

1930 .. . . . .... Not significant. 
H ereford. Shor thorn. Sussex. A b.-Angus. 

1929 ... . .. . . . Afrikander ..... 0·41± 0·36 1 ·24± 0·41 1 ·49 ± 0 ·36 1 ·55 ± 0 ·33 
H ereford ..... .. - 0 ·83± 0·40 1 ·08 ± 0 ·36 1 ·14± 0 ·33 
Shorthorn . .... . 

I 
- - 0· 25± 0·42 0 ·31± 0·39 

Sussex . . .. ... .. - - - 0 ·06 ± 0 ·33 
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Referring to Tables XVII and XVI II it is seen that the mean 
differences between breeds in the 1931 group are significant for depth 
of flank ('l'able XVII) but not sig nificant for flank girth ('.L'able 
XVIII) . In the case of the former measurement the H erefords, 
Afrikanders and Sussex are s1gnificantly deeper than the Shorthorns 
and Aberdeen-Angus. 

In the 1930 group the differences are not significant for either 
measurement. In the 1929 groups the figure for the H erefords is 
significantly higher than all other breeds in respect of flank girth , 
and significantly higher than those of the Shorthorns, Sussex and 
Aberdeen-Angus in respect of depth of flank. The Afrikanders rank 
second in flank girth and first in depth of flank. In thA latter this 
breed exceeds all breeds, except the H erefords, in a significant 
degree. 

TABLE XVIII. 

Analysis of V m'iance of Flank Girth . 

Final M easurements of Stee·rs . 

Source Degrees Sums Mean Standard 
Group. of of Free- of Squa.res. De via- F . 

Variation. dom. Squares. tirln. 

1931. .....•.. Total .. ... .... . 63 414 ·7874 - - -
Between breeds 4 53 ·6898 13 ·42 - 2 ·19 
Within breeds .. 59 361·0976 6 ·12 2·44 -

1930 .... . .... Total .... .. ... . 53 476·0787 - - -
Between breeds 4 22 ·1710 5·54 - 1 ·67 
Within breeds .. 49 453 ·9077 9·26 3·04 -

1929 .. ... ... . Total .... .. .. .. 49 190·3800 - - -

Between breeds 4 66·0583 16 ·51 

I 
- 5 ·98 

Within breeds . . 45 124·3217 2 ·76 1·72 -

MEAN DIFFERENCES. 

1931 .. . . ..... I Not significant. 
1930 ......... ~ot significant. 

Afrikandcr. A b.-Angus. Shorthorn. Sussex. 

1929 .... . .. . . Hereford .. ..... 2 ·14± 0·73 2· 87± 0 ·70 2·91 ± 0 ·87 2 ·91 ± 0 ·77 
Afrikancler .... . - 0 ·73± 0 70 0 ·77 ± 0 ·87 0·77± 0· 77 
A b. -Angus ... . . - - 0 ·04± 0·83 0·04::'::0·74 
Shorthorn ...... - - - 0·00 

In length of pelvis (Table XIX ) only the 1929 group shows 
significant mean differences. The value of F = 9 ·575 is very h ighly 
significant but the heterogeneity i · l argely due to the high figure 
for th e H erefords. 'l'he mean differences between this and all other 
breeds are highly significant. The m ean difference bet"IYeen Short­
horns and Sussex is also signifieant. 
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The Afrikanders sh ow the smallest Yalues in conformity with 
th e other measurements of t he hindquarter. 

'rable XX sh ows the analysis o£ varian ce of paunch gir th . 'rhe 
mean differences between br eeds are not significant for t he 1931 and 
1930 groups. I n the 1929 groups only the Herefords exhibit a sig­
nificantly higher figure than the other breeds except the Sussex. 

The relatively large standar d deviations indicate t hat there is 
great var ia tion within th e breeds. It sh ould be noted that in the 
case of the 19;10 group the var iance within breeds is gr eater than 
that between breeds although not sign ifica ntly so. 

The results obt ained by analy sis of Yariance of all body measure­
ments are interpr eted to show th at the breeds u se<l in this experiment 
may be var iously gTouped into t wo categories depending upon the 
measurements involved. 

TAm.E XIX. 

A naly sis of Var·iance of L ength of P elm s. 

F inal M easurements. Half- ln·ed S teers. 

Source Degrees Sum s Mean Standard 
Group. of of Free- of Squares. 

Devia- F . 
Variation. dom . Squares. t ion . 

1931 ...... . . . Total . . ... . . . . . 63 24 9990 - - I -

Between breeds 4 2·7824 0·69 - I !·85 
Within breeds . . 59 22· 2166 0·37 0·61 -

1930 . . . .. . . . . Total. .. .... . . . i53 28·3304 - - -
Between breeds 4 3 5803 0·89 - 1· 77 
Within breeds .. 49 24·7501 O·i50 0·71 -

1929 .. .. . .. . . Total ........ . . 49 I 31·0313 - -

I 

-
Between breeds 4 

I 
14· 2792 3 56 - 9·57 

Within breeds . . 45 16·7521 0 ·37 0 ·60 -

l\1EAN DIFFERE NCE S . 

1931 . .. . . . . . . Not significan t . 
1930 ... ..... . Not significant . 

Short horn. Ab.-Angus. Afr ikander. Sussex. 

1929 .. . . .. .. . Hereford . . . .. . . 0 ·74± 0· 30 1·21 ± 0·25 1 ·25± 0 ·26 1 ·44± 0·27 
Shorthorn . . ... . - 0 ·47 ± 0 ·29 0·51 ± 0 ·30 0· 70 ± 0 ·32 
Ab.-Angus ... . . - - 0 04± 0 ·25 0 ·23± 0 ·26 
Afrikander . .. . . - - - 0 ·19±0·27 

In height at withers and height over hips t he 1Urikander s con­
sisten tly sho\Y the h ighest figures and the Aberdeen-Angus the 
lowest . 'l'he other breeds fall some,Yher e in between wi th no con­
sisten t order. However , t he Shorthorns and Herefo rds r ank closer 
to t h e Afrikanders , while the Sussex ar e mor e nearly of t he same 
size as t he Aberdeen Angus. 

573 



FACTORS AFFECTING GROWTH OF RANGE CATTLE IN SEMI-ARID REGIONS. 

TABLE XX. 

Analysis of Vmiance of Pmmch G1:1'th. 

Final Measurements of Steers. 

Source Degrees Sums Mean Standard 
Group. of of Free- of Squares. De via- F. 

Variation. dom. Squares. tion. 

1931. ........ Total ........ . . 63 592 ·7109 - - -
Between breeds 4 88·2303 22·06 - -
Within breeds .. 59 504·4606 8·55 2·92 2·58 

1930 ......... Total .......... 53 562·2593 - - -
Between breeds 4 16·7879 4·19 - -
Within breeds .. 49 545 ·4714 11 ·13 3·33 2·65 

1929 ......... Total .......... 49 331·1300 - - -
Between breeds 4 91 ·1301 22·78 - -
Within breeds .. 45 240·9990 5·33 2·31 4 ·27 

MEAN DmFERENCES. 

1931. .... . ... Not significant. 
1930 ...... . .. Not significant. 

Sussex. Afrikander. Shorthorn. A b.-Angus. 

1929 ........ . Hereford . .. .... 2·01 ± 1·04 2·28±0·98 2·56±1·17 3 ·88± 0·94 
Sussex .. .. . .... - 0·27 ± 1·04 0·55 ± 1·22 1·87± 1·00 
Afrikander ..... - - 0 ·28±1·17 1·60± 0·94 
Shorthorn . . .... - - - 1·32±1 ·12 

· In chest measurements the Herefords and Sussex are at the one 
extreme and the Aberdeen-Angus, Shorthorns and Afrikanders at 
the other. However, with increasing age the Sussex lag behind and 
are overtaken by the other breeds, the Herefords maintaining th e 
lead. 

In development of hindquarter, the Herefords, Sussex and Short­
horns fall into one class and the Aberdeen-Angus and Afrikanoers 
into the second . In flank measurements the Afrikanders again show 
high values and are grouped with the Herefords while the other 
breeds constitute the second group with appreciably lower values. 

The tendency to develop a hump coupled with a relatively droop­
ing rump with a consequent prominence in the sacral region, accounts 
for the high over-all relative height in the Afrikancler. Apart from 
this exception, however, the sum total of all other measurements 
shows that the Afrikander and Aberdeen-Angus half-breds are sig­
nificantly smaller in body build than the Herefords and Sussex. The 
Shorthorn, "·hich is considered the largest and heaviest among the 
beef breeds falls between these two groups. 
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Se,r D ifferences. 

I n Yie \\· of t h e fuct t hat comp a r a bl e measurem e n ts a r e not a Yail­
a bl t- tor the ft- malt-~ it i,; n ot p ossi ble t o determ i 11e a u· uraiely sex 
d if'h· n• IICCt> f o r the nuio us body m eusu re.uw 11 t.:> . H o ,,·ever , it i ::: 
pos.-;i ble to co nq 1ar e th e means o£ t he sexe:-; for th e d rd Ps on whir·h 
final mea:s ur em e nt s \\·er e take u on th e he ifer,; . t:l ur·h c·omp<n ison is 
n e('essari h · 11l1S:l tisb d orY but it· ,,. ill se rYe 1 o furn i ,;h s·ome i cl ea. of 
sex difter;·n ces in body S1ape . In t h e follo,,·ing table nt e:~n (li fterence::; 
heh n •e n 111 :1 lefi :1ncl f P!ll td es a n• g- iYP n fo r t he Jnost im ]Jod:1n t l liP:lsun e­
m e n ts 011 u ::;pe('ified dal e . 8tanrlunl en o1·,; of mea n d iite reu c·es haYe 
not hePn n d e ulated hu t lhe .~ t:llltla rd cl eYi at ions obtain ed for eorres­
p ond i11g f-i n:d n1eas u1·em e n h of all ~ l <'PI's a re iiHii(':d r cl i11 hr:11·keb. 

lt ,, jll be c;eeu fro m 'I.' able XXI l hat t h e steers excee1l t h e h ei fer s 
in b ody Ineas Ul em en h iu :d l th r ee uge g r oups. T h e sex d iiter euc.:es 
<ne g real e:;t in t h e follo\\·ing- m e: J,-;ure nlenb: lJ Pigl1t at \\ itl1ers, 
h eight over h i ps, wi clth of l oi 11 an,] b ocly length; <JJl(l h )ast iu l en g th 
of p eh is, "·icH h at li ooL a n cl hea d g irth. A Hho ug·h th e clifl'erence:> 
:n e rela t ively sntall in eert:J in m easure n1en ts, t h ey an·) oonsiste11t 
t hr o ug h o u t exc·e pt i n t h e case of 1virlth at hooks ancl hPart g irth in 
ll'hi1·lt t b P fem :1les e xc·eed lh e n1 al ec; at cP d aiJJ ~tage~ of cl evel op m e nt. 
It i., , of (' 0 U r~e , n \\·e ll.-l; n0\\' 11 phe 110m e non i11 C':dtl e a s 1ve l l a s in 
some otl1er sp e(' ies of fa r m ani ma l s t ha t cleYelopm ent of t h e pelvic 
r eg ion 1·eb tiYe to t lue otl1 er body parts is g r enter in th e fe m a le th a n 
i n t he nwle . 

I t \\·o ulcl :i.ll!Je:n t h:ll t h e fe n1 a l es of th e sa nte b reed :n ·e less 
u ni fo r m i n ::;l1a pe of Lo,l ,,· t h a n lh e male~ of su('h bree<l ::> but th e breed 
aver:1ge.,; clo n o t va r y g r eat ly . l u ord er t o Lest this p oinL fi1·e Jlteasltre­
lll e n ts f o r " ·h idt t h e 1929 g r o up s of s teers sh O\Y h ig hly sig n ifican t 
hree ll cl i he 1·ew·es ,,·e re se lec:(-p,j a n II au a hzecl f.or lhe ] H29 f e ma les . 
'l'he latter , h owever , \Yen) four uwnt hs y c; nn ger t hrm t h e st eer s " ·hen 
t hese me<I ~LuemPnts \\·er e t ake n. 

I n t he l:J s t col u mn of 'I'able X XTT th e sta.ucla rcl deYiation s of 
t he sam e m ens ure n1e nt s for tl te J !)29 stPers are i n'l ica te(l. It "· ill 
lJe o bsen ecl t hat t h e stnm lanl deviat ion s of t h e c l1est m easu rem ent ,; 
ancl paun r h g- id h :ne g r ea ter fo r t he f emales . 'l' ha t f or l1eigh t a t 
,,·ith er·s is equ:d to t bat of the nw l es " ·h il e in hei.g·h t oYer h ips t h e 
f em :1les s limY :1 c·o n1par aiiYely small stanclanl clevi:1hon . 

In c·o1npa ri ng th e Y:dnes of F it is obsened t h<lt i 11 the case of 
h eig h t o w r h ips onl y is t h e figu re s ig n ifi('ant a;; <:Olnpa re <l ,, i t l1 h ighl ,v 
s ig11i fic a n1 fig u res fo r all {iYe meas u rem ent,; in tLe (':Jse of 1l1 e steer s . 
H e n('!:' it. is C'o ndllil(·)ll 011 tl1e hn s i.s of tl1rse fi ye b o(l y m cnsurement s 
t h a t t bPr P is l ess clif~e ren c ·p lwh,·een h ree (L in the fp m nl Ps t h a n tliP re 
i:; i11 t h e nJ:lle;; . 

It sh ould be po int ecl out tl1 at t l1e fi g- ures the cl for tli e f emales in 
th is :uw h s is :1 1·e t hose obtai ned fr o m th e meas urem e n t;, taken in 
J a nuary ·.1!)33 , at l he ter mination of ni ll P months lad al ion. Tf th e 
aboYe h o<l .'· li iP :~S1He ii i PllL are affedP<l t o nn y P:de n t· in lhe grmYi ng 
ani nud b ,v ln r b ti o n , it iR p oss ibl e t·]w t t he d ifferences b et." ·ee 11 H ere­
f orcl s ~m el Alwn l ('en -A ng us are m inimized since a lt igh PI per cenbge 
·of tl1 8 animals i n t h e former h r ee(l p assE'(l through a pPriod of lar­
t atio n . C'on w rsely, the cl iffereuces h et 'lleen t hP Afrika ml ers , on t h e 
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on e h and, a!l(l t h e Sh orthmn s a ml Sns~e:s: , on the other , mig h t b e 
exaggerate<l in Yie" · of the h igher cah·ing percentage among the 
form er. 0 11 th e a Yerage , h o11·eyer , it i s not e:s:lJecte<l tha l t h e m eans 
of t h e f e11wles a~ a IYh ole are gre;1tly i nf:luencecl l>y tht' <lifferential 
t'<l h ·ing n:ti.e. 

GE N E RAL DISCUSSION. 

'l'h e r e:; ulh obtainl' ll from t h e a nalysis of both l ive weighls anrl 
body nteas u re me11h tt'n d t o ~hO\Y t h;lt t here are signihcanl clifference~ 
in gro1dh <liHl <l t)l·elop lneHt beb·een the breeds stu rliecl . The breed;; 
m uy lJe (lil ill ed in to h1 0 gro ups, t he fir st conlpris in g H eJ·efonls a nd 
Suo;sex sh011·ing Jllore J"<1pi<l g n mth in nll r espects, except in over-all 
h e igh t, th an t he second g roup co ns ist in g of A lwrrleen-Angm; anrl 
Afri kanrlen:> . 'l' he Short horns occ up,1· an intermediat e position ,,-hich 
is r ather smpr isi11 g· a n<l cliffif'ult t o expl ain siuce the purebred Short­
horn is consi cl e1ed oue of t h e m o,; t early mat uring antl largest of 
all beef breetls . [n h is stn tl y of the weights o f l n1lls, steer s an1l 
heifers of the Ya r i ou ,; beef breerls, H nm mon 1l (J 920) found t h at 
S horthorns ,,·ere appreriabh· h envier than Herefmcls, Sussex or 
Ahen l t>P n-Ang·us. T hPl f' i s ItO ba s i ~ of t· ompari son ;naibhl e for th e 
A fri kand e1· h11t t hi s ])l'eed i;; gen en tlly more rangy in conforlllation 
t ha u :1ny of H1 e Br itish heef l11·eeds. 

T here is no ~atisfaetory metl10cl fo r exp1e,;sing- rebti ve si;r,e in 
exact math em atif'al tP rms . Yapp's (1921) climension-'1\·eight index, 
,,·h en appl ietl to t he p1esen t data , g-iYes Hw follo11·ing figures : -

Age Group. 1029. U):lO. l!l:lJ. 

S u.<scx h::t.lf-hr, d s .... . . .. . . . . . . . . .. +· 962 +·!l88 i) . 407 
H erA ord h ::t. lf. breds . ... .. . . .. i)·038 3 178 ;) . L"iO 
Abcrdccn-Angu ; ha lf-bred; .. ;) . 1:j2 !)·046 5 581 
Shor t horn half-b red' .... .. ... .. . . . . . . . . . . . ;) . :n o fi·447 ;) ;;8:3 
Afrikandor h ::t.lf-brech . ;} 330 ;j ·383 .5 ;) -±0 

Th ese fig ure~ are in s ulJ ~tantin l ag reemen t ,,-i t h th e nhoYe r:la ssi­
fication of ih e brePcl s . It ;:;houlcl he not t> tl tha t t h e dimen s ion-11·eigh t 
index d imin i;:;hes IYith age as poin ted out b~- Yapp . 'l' he inrl ex of 
the S horth or ns at a n~· <lge is pradicall.1· the same as ihat fm t h e 
A fri kancl ers . Thi s sh ows th at th e for mer ,,·er e comparatively a s 
rang y as t he Ahika n tle1 s . \ Yh at i.s tb e explanation for this incon­
sistem·y in t he tl eYelopm e nt of t he S hortho1n h nlf-l1l'ecl s? It i" 
rl iH1cult. to esh lll <d e tlw r elative i n1 po ri<ln ce of pn vir onm entnl a.ntl 
g-P nei ir- fnf·t ors in1·oh ·etl in tlw g·nndh of tl1e anin1;1l. l n this case 
nll hreerl,; ,,·pr e Pxposed to 1no re o1· l Ps.s sim ilnr en ,·irm1m entnl con ­
<lihon,; . U nd er n;d u r;!l 1·8 ngt> con tli tions ( hp cat t·le a1·e clepeJHlent 
up on ih e ll a t uml p <l.'i h tr8g·e fo r thei r nutr itio n;!l 1·equirt>ments 
i.h rong-h out i he .H'<lr. ' l' he SPclson nl. pflpds 11pon tl1e rleYel opment of 
t hPse nnim nlc; has heen d t>nd,,- clt>monshni P(l i11 JHP<'r<l ing- pnges . T h e 
su p pl,v of naturnl forage is intimn tel~· nsso<·inted ,,·ith Reason an1l 
th e fJ 11 Pfition of sPnc;onnl i nfhtPllCe on g-rmdh nn rl 1levt~l opm ent r esolves 
ii-st'l£ b r g:el.1· into o ne of nutritior1. Other spa,o nnl fadors, s11 rh as 
t empera tu r e nn cl lnnn i t1it ? . undouhtP(ll~· nlso exert som e influen re l)ut 
th e Hlttrition 8l fa ctor flppe8rs to be the most imporbnt. 
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No explanation is offered for the peculiar behaviour of the 
Shorthorn hal£-breds. It is possible, of course, that the pure-bred 
bulls used were exceptionally poor specimens of the breed although 
precautions \Yere taken to ensure that they should be representative. 
Alternatively, the Shorthorn may not be so well adapted as the other 
breeds to the severe climatic conditions, including poor feed supply, 
obtaining under these conditions. It is believed, however, that an 
explanation must be sought in a combination of these factors. 'rhe 
bulls \Yhen purchased as young animals, showed comparatively good 
type but they became more rangy at maturity. The question as to 
whether they pr·oduced rangy offspring because they were of a more 
rangy constitution genetically than the average of the breed or 
whether both the bulls and their offspring developed ranginess con­
sequent upon conditions of severe climate or inadequate nutrition, 
remains unanswered. Attention is dra\Yn to the fact that the 
dimension-weigh t index of the Shorthorns in the youngest (1931) age 
group is approximately the same as those of all other breeds, with 
the exception of the Hereford, but shows relatively little change 
with increasing age. For purposes of comparison the dimension­
weight index of the dams of the 1929 group is given below:-

Dams of Sussex half-breds ....... . . 

" 
, Hereford half-hreds . . . . .. 

" 
, Aberdeen-Angus hal£-breds 

" 
,, Shorthorn hal£-breds ... .. . 

" 
, Afrikander hal£-breds . ... . . 

Dim&nsion-Weight 
Index. 
5·0ll 
5·230 
5·202 
4·978 
5·282 

It will be seen that the figure for the darns of the Shorthorns 
is the lowest, indicating the least ranginess, although the differences 
betw·een all groups are relatively unimportant. 

There is no satisfactory method of measuring the relative pre­
potency " of the sires of different breeds used. The limited number 
of sires (two of each breed) and the fact that no breeding records 
of individual bulls of the same breed were kept preclude the use of 
sire-offspring correlations. Only well defined breed characteristics 
such as the colour pattern of the Hereford., the polled condition of 
the Angus and the distinguishing features of the AhiJ,ander, viz., 
sleekness of ooat, loose skin and a tendency to develop a hump are 
clearly shown in the offspring. These traits may be easily observed 
in the illustrations of half-bred calves of different breerling shown in 
Appendix figures 33 to 37. More or less typical half-bred cows of 
the different breeds are illustrated in Figures 38 to 43. 

In the discussion on the comparative weights of (lams and 
daughters it was observed that the difference in averag«:> weights 
between dams and daughters was exceedingly small and the question 
was raised "·hether any improvement has been brought about by the 
use of pure-bred bulls on the nondescript cows. The situation is 
identical in regard to all body measurements. The daughters were 
only 48 months olrl at t h e t ime the final weights were taken and 
consequently had not reached maximum rlevelopment in body s1ze 
but it is doubtful if they \Tould exceed their dams in weight to any 
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marked extent even at maturity. Hansen (1925) states that the 
Black and ·white Lowland cattle of Eastern Prussia do not show 
any appreciable growth in weight after 4 years of age but Hammond 
(1920) states: " The oontinental breeds on the whole show slightly 
greater early maturity ratios than those of the British breeds-for 
bulls: Si.mmentaler 86-2 per cent., Black and ·white Lowland 88·4 
per cent. and Allgau 80 · 9 per cent." 

In the crossing of two distinct races or breeds of animals the 
offspring usually exhibit increased size and vigour over the parental 
types due to the phenomenon of heterosis, especially where there 
has been some inbreeding in the parental strains. Visual appraisal 
of the animals failed to indicate marked heterosis in these hal£-breds, 
particularly in the case of the females. This may be due to the fact 
that their dams were not representative of a distinct type since blood 
of the European and British breeds have been introduced into the 
native stock at various times. Better results might be expected if 
cows of the distinct native types had been used as some of these types 
have been bred along the same lines for many generations and in­
bi·eeding in various degrees commonly occurred-usually uninten­
tionally. 

The inheritance in animals is controlled by genes which may be 
either specific or general in their effects. It would appear hom data 
on the Afrikander that height over hips may be controlled to some 
extent at least, by specific genes. 'rhe same applies to height over 
withers. The possibility of the existence of " group " factors for 
hip height, wither height and hump in the Afrikander, must also 
be considered. Fr-om his analysis of growth data on the rabbit, 
Wright (1932) concludes that the influence of general size factors 
preponderates but he found indications of such group factors affect­
ing head growth apart from general Rize, others for fore-limbs and 
hind-limps collectively, and a third group for the hind-limbs 
separately. Gregory (1933) from his studies on the inheritance of 
size in dairy cattle found indications of at least three different 
genetic compositio11 s involved in height. 

The following dam-offspring correlation coefficients were obtained 
for live " ·eight and certain body measurements specified :-

Height at ·withers ......... . · .. .. ..... . 
Width at thurls ...... .. ... . 
Width at hooks . ..... .. ...... . 
Live weight ....................... . 
l3ody length .. . .. . .. . .. . . .. .. . .. . .. . .. . 
Heart girth . . . . . . 
Width of chest ...................... .. 
Depth of chest ........ ... ...... ... . .. . 

Dam-Offspring 
Correlations. 

·.38 
·32 
·31 
·27 
·24 
·18 
·13 
· 10 

The above correlations are a weighted average of the correlations 
within the various breeds computed by the method of analysis of co­
variance after Fisher (1933), by means of which the necessary correc­
tions have been made for group (breed) heterogeneity. 
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It "·ill be noticed t hat t he figures for live \Teight, heigh t at 
withers, width at thurls, "·idth at hooks and body length are sig ni­
fican t . T hat for h eart gir th borders on significance " ·hile those for 
width an cl depth of chest respectively are not significant. It is 
possible by the applicrttim1 of \ Vrigth's (1921) formula for the parent ­
offspring correlation to estimat e the proportion (h2

) of the yaria nce 
within each group clue to h eredity assuming t hat ther e is no domi­
nance or interaction (nicking\ mating being at random \ri thin groups 
as in the present case . 

?"po = 1/ 2 h2 

t hen h2 h as t he followlllg values for t he different traits : -

H eigth at with ers . . . . .. 
·w idth at thurls . .. . .. 
\ Viclth at hooks .. . . . . .. . 
L iYe weight 
Body length .. . .. . . . . . . . 
H eart girth . .. .. . . . . . . . . . . 
Width of chest . . . . .. . . . 
Depth {)f chest .... .. .. . 

Variance. 
H e1·erditm·y. E n'L"t1'Dnmental . 

·76 ·24 
·G4 ·3G 
·62 
·54 
·48 
·3(j 

·26 
·20 

·38 
·46 
·52 
·G4 
·74 
·80 

The fig ures in the last colultln indicate the proportion of the 
varian ce in different body t r aits, within the animals under the con­
dit ions of this experiment, tlue to factors other than genetic ones 
which can be expressed as combining a dditively . 

It will be obser.-ed that a h igh proportion of the variance found 
in height over " ·i t hers is her editary and this measurement is 
apparen t ly least affectecl by exter nal agencies. Like,rise in \ridth at 
thurls and width at hooks more than 60 per cent . of the variance is 
ge neti<;. In body length more t han half the variance is shown as 
due to environmental factors . H ovvever, thi.s measurement is in­
fluenced to a consi <l erable extent by the position in which the animal 
stands at the t ime .of measuring and is probably not very accurate. 
Random inaccuracies would incr ease the proportion of variance listed 
in the above correlation as environmental. 

In th e case of the ch est measurements it would appear that tlh~ 
var iance is but sligh t ly hereditary . The extremely small correlation 
coefficient for depth of chest is cliffi cult to explain . While heart 
g irth and width of chest are known to be influenced to a considerable 
extent by environmental factor s one " ·ould not expect the same 
sit uation in depth of chest wh ich depends mostly upon dimensions of 
bones. 

In liYe weight approximately half of t he variance in these 
animals is due t,o causes other than geneti c in origin . This vnrying­
clegree of susceptibility t o environmental influences explains why 
such factors as seasonal fluctuations ancl feecl supply exert a notice­
ably greater influence on development in body " ·eight and certain 
body m easurements t han on oth ers in the present study as sh own by 
the growt h curves in figures 7 an d 8. 
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In a study ·of the genet ic constitution of pure-bred Jersey cattle 
in the United States, Gowen (19:3:3) found great variability in the 
relation bebnen dam' s type and daughters' type within certain herds 
but h e conclud es tb at inheritance accounts for most of the variation 
in the size of t he animals, such environmental differenees as do exist 
playing but little part in the u ltimate constitution of the animals . 
It will be readily understood, of course, that high grade dairy cattle 
are usually kepi under uniformly good conditions and that they are 
not likely to haYe been subjected to as extreme a range of enYiron­
mental conditions as these r.ange cattle in the Northern 'l'ransYaal. 
Furthermore it is quite probable that a fai rly high degree of assor­
t atiYe mating genetically has occmred in the J ersey bree<l. 

The dam-offspring correlations in the present study clearly show 
the varying degree of susceptibility of Yarious body traits to environ­
mental influences . This lea ds to the conclusion that no sharp and 
universallv Yalid line can be drawn between environmental an d 
genetic fa-ctors in their relative impor tance in growth and denlop­
ment. B oth have a physiological basis . In the words of "\Yrig ht 
(1933) it is rather common " to treat environmental influences as 
Tequiring detailed physiolog ical analysis but to assume that assign­
ment of an effect to heredity end s the matter. The genes carried in 
the nuclei of the cells ean only eontrol gro>Yth , or any other eharaeter, 
through physiologieal e hannels , starting from primary effeets on eell 
metabolism " . There is thus clearly plenty of room for eon t rol of 
growth characters both by breeding and ma nagement. 

SUMMARY. 

Data are presented on the g rmdh of Tange eattle over a period 
<)f four years in a semi-arid reg ion of South Africa . A total of 176 
half-bred animals of five different hreecls are indudecl in this study. 

The data consist of li ve " ·eights taken at bi-monthly interYals 
of all animals, and linear bod;y measurements taken at bi-monthly 
intervals for a period of 28 months for three differe11t age grou ps. 

Grmdh in ;;·eight is strictly seasonal from ;;·eaning to m aturity . 
These sea:;onal fluctuations are shmYn to be elosely allied to monthly 
rainfall. 'l'he bulk o£ the annual precipi ta ti on oecurs hom ~ oYem ber 
to Febnmry and the period of greatest relatiYe growth in weight l ags 
approximn teb· three month s beh ind the period of heaYiest precipi­
tation . 

T he greatest inerease iu body >Yeight oecurs from .Januar~· i o 
.Mareh and the peri()(ls of smallest inerease or greatest loss in weight 
oeeur from J nly to September. Borly measurements are also in­
fluenee cl by seasonal changes hut to a lt.•sser extent than bo(ly ;;·eight . 
rrhe following' measur ements are least affected : height at wi thers, 
height over hips, body length . depth of ch est a nd depth of flank. 
The measurements markedly influeneerl by season of t he year are 
length of pelvis, width at hooks, ;;·ic1th at thurls, >Yidth of loin and 
width of ehest. 
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Significant differences between the sexes exist hom bidh, males 
being heaYier than females. 

Sex difference,; .in body men ~uremt>nts are not so marke1l, espe­
cially in the earlier age groups. \Vhen maturity is approach ed the 
st eers exceed the heifers to a marke(l (1 egree in all hod ~- measnre­
menL except those ·of tl1e pehic region. 

The breeds ma,y be divided int(J hn, classes ir, respect to weight 
aucl size, Herefords and Sussex comprising orie dass an 1l Aherrleen­
Angus and Afrikander constituting another. The ani mals of t he 
first class ex ceed tbo~e of the ~econd class in \Yeigh t a n(1 most body 
m easurements. 'l'he Shorthorn s occupy an interme<liate position and 
the peeuliar hrh aYiour of t11i s breed is discu~secl. 

The Ahikall(lers lJlO\·ecl to haYe gTeater \Yi ther heigh t and h i Jl 
height than all other breeds. 

The 1·ela t iYe importance of genetie a ll<1 en Yironme n tal fact ors 
on the grmdh of the an i mals is <1iscusse<1. 

It is slJO\Yll th at t he variance in h eight a t IYith "r;, in t h is popu­
la tion is r1pprox.ima tely t hree-±our tlJ s gene t ie and one-fourth ell Yiron­
mental in origin. In "idth ;lt thurls and width at hook~ more than 
60 per cent of the Yarianee is genetic . The variance in bo<ly length 
and liYe "·eight is accounted for equally by genetic an d enYiron­
mental factors. In all chest measurements i.he variance appean to 
be only slightly her eel ita ry. 

It is shown that t he factor of nu trition plays a Yery important 
role in the growth ·of range cattle und er the conditi ons of t h is experi ­
ment. It is not possible to determine frorn this study whet l1 e1· p er­
manent stunting results fro m ina<lequate nutrition but it is concl1Jd e(l 
that growth is retarder1 and maturity <1elayed. 
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Fig. 10.-Average growth curves of steers and heifers. LiYe weight. 
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FACTOH S AFF E CTI::\G GIW \\"T H O:F ll:i::\GE CATTLE IK SEJ\JI- .~HID llEGION S . 

Fig . 11.-Average grol\-tll cm·yes of st eers and hf>ife rs . Li re weight . 
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D . .J . SCHl"ITE. 

Fig. 12.- Average g r owth cu r ves of steers. H eigh t at \\·it hers . 
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F ACTORS AFFECTHiG G R O" .. l'I-I OF R.~KGE CATTL E IX SE~II-,\lUJl R EGIO:'\ S. 

Fig. 13.- Avera ge growt h curves of steers. H eart g irth. 
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D . J. SCH<:"TTE. 

Fig. 14.- Average growth curves of steers. ·width at thurls. 
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F ig. 15.-Aver age growth curves of steers. ·widt h of chest. 
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Fig. 16.- Average growt h cmTes of st eer s. Depth of flank. 
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F ACTOnS AF:FECT IKG GJW\\' TH O:F Rc~::'\ GE CATTLE I N SE)Il-AR ID HEGIOKS. 

Fig. 17.-Average growth curves of steer s. Depth of chest. 
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D . J. SCHUTTE. 

Fig. 18.-Average growth curves of st eers. J_,e ngth of peh,is. 
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FACTORS AFFECTING GRO>YTII 01:' RAXGE CATTLE I:'~ SE"li-AHID HEGIO?\S. 

Fig. 19.-Average growth cm·yes of steers. Flank girth. 
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ll . . J. SC HL' l'TE. 

Fig. 20.- Average gro,,·th curYcs of steer s. \Vidth of loin. 
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FACTOHS AFFECTTXG G JW\\"TII OF RAXGE CATTLE IN SEi\li-.\HID HEGIOXS. 

Fig. 21.-AYerage growth curYes of steers. Length of body. 
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