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ZOOMETRIC MEASUREMENTS OF CEPHALIC CONFORMATION IN
ADULT BOVINE MALES AND FEMALES (Bos taurus)
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Summary. A sample of 578 bovine whole, fresh adult skulls (sample of 76 adult males and 502 adult females)
belonging to 16 different domestic cattle breeds from Spain and France was examined. The studied breeds descend from
different European ancestral trunks. The heads were obtained from slaughtered animals and in all cases were from pure-
bred animals according to their racial standard. A total of 9 cephalic lineal measurements and 7 derived indices were
obtained from each skull. The values between sexes were compared in order to distinguish measurements and
differentiate between male and female skulls.

Given their number-based nature, cephalic measurements and indices allow comparisons between breeds from very
different geographical areas as well as permitting the development of research into breeds using exclusively bone mate-
rial. Moreover, the statistics presented could act as reference values for further morphological craniological studies on
sexual dimorphism.
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Santrauka. Istirtos 578 sveikos suaugusiy galviju, priklausanéiy 16-ai Ispanijos ir Pranciizijos veisliuy, i$vesty
skirtingose vietovése, kaukolés (76 buliy ir 502 karviy). Jos, atitikusios gryny veisliy standartus, surinktos skerdyklose.
Kiekvienai kaukolei atlikti 9 matavimai ir apskai€iuoti 7 indeksai. Norint i§skirti matmenis bei diferencijuoti buliy ir
karviy kaukoles, duomenys buvo lyginami.

Pagal kiekybini duomeny pobiudi kaukoliy matmenys ir indeksai leidzia palyginti veisles, iSvestas labai skirtingose
geografinése vietoveése, tirti jas naudojant iSimtinai tik kauling medziaga. Be to, pateikti statistiniai duomenys gali biiti
naudojami kaip atskaitos kriterijai tiriant kaukoliy lytini dimorfizma.

RaktaZodZiai: kaukoliy matavimai, galviju veislés, lytinis dimorfizmas.

Introduction. After the initiation of domestication, and 502 adult females (>2,5 yr), belonging to 16 modern
not only did cattle body size decrease but so did the dif- domestic breeds, were used (Table 1). No castrated ani-
ference in size between genders. Nevertheless, in modern  mal was included. The heads were obtained from slaugh-
domestic cattle, sexual dimorphism between bulls and tered animals and in all cases were from pure-bred ani-
cows still exists. Such difference in size is not just con- mals according to the racial standard. A problem with the
fined to certain parts of the body; it can also be present in  use of measurements as criteria for distinguishing be-
any bone, such as the horns and the head. tween the sexes is that an observed difference in a meas-

The goals of this research are: urement is not necessarily caused by a difference in sex,

1) to obtain some values (lineal measurements and in-  but can be explained by a difference in breed. For this
dices) of the skull from several domestic bovine breeds; reason, and for further information and particularly to
these values are normally used in veterinary ethnology, allow comparison of values, the measurements for each
easily taken in vivo, and they allow the comparison with  breed have been classified separately (Table 2). It should
extinct breeds or species (such Bos primigenius). We  be noted that it was not possible to measure horn vari-
think our results will be particularly useful to determine ables in all skulls, because some animals had had their

the range of variation in a given breed. horns cut. The following 9 measurements were obtained
2) to determine the cephalic values that distinguish  (Pares, 2006a):
and differentiate sexes in modern cattle. Cephalic length CefL
Given their number-based nature, these cephalic Cranial length CrL
measurements and indices allow comparisons between Facial length FacL
breeds from very distant geographical areas, and permit Cephalic width CefW
research into breeds using bone material only. In addition, Cranial width CrW
our results could be used as reference values for further Facial width FacW
morphologic craniological studies on sexual dimorphism. Horn perimeter HP
Material and Methods Cephalic depth CefD
A total of 578 whole, fresh skulls from 76 adult males Horn length HL (along the outer curvature).
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Table 1. Animals studied and breed

Females Males
Asturiana de los Valles AS 17 0
Aubrac AU 9 1
Avilena AV 9 0
Blanca del Pallars BL 10 0
Bruna dels Pirineus BP 260 20
Fleckvieh FL 5 0
Friesian (black and white) BW 38 24
Friesian (red and white) RW 16 1
Gasconne GS 7 0
Limousin LI 9 10
Pardo Alpina PA 19 1
Parda de Montafia PM 19 0
Pyrenean PY 17 1
Blonde d’ Aquitanie BA 7 3
Salers SA 34 1
Charolais CH 26 14
TOTAL 502 76

We also have included an analysis in the form of indi-
ces. The advantage of the use of indices is that it is not so
much the difference in the size of the bones that is ex-
pressed but rather the differences in measurement ratios.
So, starting from these values we have derived the follow-
ing 7 indexes which are very widespread in veterinary
ethnology:

Cephalic index (Cefl): (CefW/CefL) x 100

Cranial index (Crl): (CrW/CrL) x 100

Facial index (Facl): (FacW/FacL) x 100

Depth index (DI): (CefL/CefD) x 100

Skorkowski’s W1 index (W1)= (CefW/FacL) x 100

Skorkowski’s W2 index (W2)= (FacL/CrL) x 100

Horn length: horn perimeter = (HL/HP) x 100.

Calculus and figures were obtained using the statisti-
cal software PAST (PALEONTOLOGICAL STATISTICS
SOFTWARE, by Hammer et al., 2001).

Results and Discussion

The results of this study are presented in Table 2 and
Table 3.

Generally, measurements are statistically larger in
males, except LH (Table 1). The female skulls are shorter
and narrower, their orbits are less protruding and their
horns are smaller in perimeter, but horn length in both
sexes is similar. The fairly high variation in CrL could be
explained by the protruding occipital part of the head,
especially in males. Overall, the sex dimorphism in pre-
historic cattle could be considerably larger than in modern
breeds. All of the indices present statistical differences
except Facl and W2, thus indicating a similar conforma-
tion in the facial region of both sexes.

All indexes are statistically different, except Facl and
W2, therefore indicating a similar conformation in the
facial region of both sexes.

Table 4 shows the canonical analysis for each sex.
Horn data have been excluded (some animals were
hornless). The most discriminating variables are CefW,
CrW and CrL and their derived indexes Crl and W1 (Fig-
ure 1).
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Conclusion

The lineal measurements related to cephalic width and
length show statistically significant differences between
sexes, independent of the breed. Moreover, most indexes
present differences between sexes, and this could allow
the evaluation of skulls of different sizes.
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Table 2. Average values of lineal measurements (cm + standard deviation). Statistical analysis only established
globally

CrW CefW FacW CrL FacL CefL CefD PH LH
AS Males - - - - - - - - -
Females 18,15+ | 2335+ | 17,06+ | 1534+ | 3981+ | 5515+ | 3756+ | 17.86+ | , 0o
0,77 1,12 0,70 1,24 2,01 2,39 2,25 1,91 ’
AU Males’ 25,00 28,00 20,00 15,50 27,50 43,00 49,00 27,00 -
Females 18,46+ | 23,10+ | 16,74+ | 13,99+ | 37,81+ | 51,80+ | 36,42+ | 17,00+ | 29,50+
1,35 1,48 1,37 1,44 2,90 3,65 2,47 1,98 0,71
AV Males - - - - - - - - -
Females 18,18+ | 23,10+ | 16,49+ | 15,60+ | 28,92+ | 44,52+ | 37,50+ | 18,17+ | 42,00+
1,12 1,07 0,95 1,38 5,86 5,44 3,91 2,93 9,17
BL Males - - - - - - - - -
Females 19,11+ | 24,45+ | 17,54+ | 1537+ | 38,83+ | 54,20+ | 38,16+ | 17,67+ | 31,38+
0,72 1,01 0,81 1,51 4,56 4,67 1,89 1,17 3,40
BP Males 23,03+ | 27,07+ | 1831 | 17,32+ | 39,74+ | 57,05+ | 3838+ | 22,13+ | 27,83+
1,14 1,75 0,89 2,84 3,34 2,45 2,09 1,99 7,32
Females 18,70+ | 23,55+ | 16,94+ | 1543+ | 37,87+ | 53,31+ | 3528+ | 16,81+ | 27,60+
1,19 1,52 1,11 1,94 3,88 3,55 2,74 2,94 431
FL Males -- -- -- -- -- -- - - -
Females 1921+ | 24,04+ | 18,07+ | 14,70+ | 39,68+ | 54,38+ | 36,78+ | 17,83+ K
0,86 0,46 0,58 0,91 1,61 1,72 0,97 2,02
BW Males 2329+ | 2823+ | 1836+ | 18,03+ | 43,90+ | 61,93+ | 42,82+ | 24,28+ | 19,50+
2,08 1,44 1,05 2,87 434 5,08 1,95 2,52 2,78
Females 17,90+ | 23,48+ | 16,32+ | 15,61+ | 40,00+ | 5597+ | 3644+ | 16,28+ | 25,75+
1,43 1,15 1,08 1,78 2,05 2,87 1,62 2,06 8,13
RW Males’ 19,50 27,00 18,00 17,00 29,50 46,50 43,00 23,00 22,50
Females 17,79+ | 23,53+ | 17,23+ | 14,65+ | 3881+ | 53,46+ | 4041+ | 1633+ | 2525+
0,92 1,10 1,21 1,11 447 4,76 1,95 2,52 10,96
GS Males - -- -- - - - -- -- --
Females 18,34+ | 23,10+ | 17,09+ | 1429+ | 39,64+ | 53,93+ | 38,01+ | 17,50+ | 33,00+
0,71 0,58 0,70 1,07 1,83 2,30 2,09 1,78 5,20
L Males 23,12+ | 2585+ | 1843+ | 15,67+ | 3926+ | 54,93+ | 39,68+ | 2228+ | 32,50%
1,23 1,43 0,91 2,14 1,97 2,58 2,35 1,01 5,07
Females 18,91+ | 22,76+ | 17,08+ | 14,11+ | 38,83+ | 52,94+ | 37,89+ | 17,17+ | 38,19+
1,26 1,13 0,50 0,82 1,60 1,53 1,24 1,39 3,26
PA Males’ 23,00 28,60 19,20 17,50 41,30 58,80 37,00 22,00 -
Females 18,86+ | 24,07+ | 17,44+ | 16,67+ | 36,67+ | 53,34+ | 3506+ | 17,31 | 26,00+
0,82 0,97 0,95 1,80 3,83 3,42 1,66 1,86 2,62
PM Males - - - - - - - - -
Females 1922+ | 24,16+ | 17,26+ | 1526+ | 4035+ | 5561+ | 3877+ | 17,53+ | 32,36+
1,20 1,27 1,00 1,37 2,01 2,02 2,05 1,92 7,54
PY Males 23,00 26,70 19,50 16,60 40,10 56,70 35,40 25,00 41,20
Females 18,57+ | 23,17+ | 17,04+ | 14,66+ | 37,75+ | 52,41+ | 36,45+ | 18,07+ | 34,78+
0,89 0,86 1,03 1,56 1,95 2,56 2,24 1,94 6,24
BA Males 2323+ | 26,50+ | 1823+ | 16,50+ | 42,80+ | 5930+ | 41,57+ | 18,17+ | 31,00+
2,44 2,50 0,25 3,12 3,81 6,38 2,54 2,75 7,07
Females 18,86+ | 2281+ | 17,11 | 14,14+ | 38,59+ | 52,73+ | 37,90+ | 16,81+ | 27,38+
0,75 0,37 0,76 0,75 4,49 4,07 2,49 0,97 3,09
SA Males’ 24,50 28,20 20,20 16,20 40,50 56,70 4520 23,00 45,50
Females 18,62+ | 23,01+ | 16,93+ | 14,79+ | 36,65+ | 51,44+ | 3591+ | 19,48+ | 40,67+
0,64 0,76 0,73 1,85 2,99 3,13 2,38 2,63 8,96
2288+ | 2684+ | 19,59+ | 16,09 | 39,97+ | 56,06 | 39,10+ | 23,47+ >
CH Males 1,36 1,37 2,85 1,97 2,04 2,02 2,97 1,81 34,38
Females 19,41+ | 23,92+ | 1823+ | 15,13+ | 3846+ | 53,58+ | 36,98+ | 17,77+ | 33,66+
1,06 2,37 1,59 1,37 247 2,80 1,73 2,15 7,80
Global | Males 23,10+ | 27,25+ | 18,64+ | 17,02+ | 40,89+ | 57,91+ | 4044+ | 22,67+ | 30,13+
1,61%%% | 1 68%** | | 54%kx | D ks | 7wk | 490wk | 3 |5kkx | ) 3ekEx |7 6]
Females 18,64+ | 23,53+ | 17,04+ | 1528+ | 38,01+ | 53,30+ | 36,17+ | 17,28+ | 30,26+
1,16 1,42 1,12 1,79 3,81 3,71 2,76 2,68 8,30
Statistical significance: *** P < 0,01 1: cut horns 2: only 1 sample
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Table 3. Average values of indexes (+ standard deviation)

Cefl il Facl DI Wi W2 HL:HP
AS Males - - - - - - -
Femalos 10365 | 11897+ | 4208« | 147.14= | 5875+ | 26120+ oon
1.80 9.69 3.00 8.11 3.51 2448 ’
AU Males 65.12 161.29 .73 142.57 10182 | 177.42 -
Fermalos 44650 | 13209« | 4432+ | 8776+ 6119+ | 27210 | 171,01+
176 15.36 227 1124 2,58 28.57 0.59
AV MaleS - - - - - - -
Femalos 52545 | 117.60- | 5887t | 11942t | 82.75: | 187.76- | 231.93=
6.43 15.01 10,78 15.60 16,24 4542 4339
BL Males - - - - . -- -
Fermalos 4549¢ | 12526f | 45.94% | 142660 | 64.01= | 255026 | 181.20+
5.30 11.19 761 17.05 10,31 4115 34.82
o Males 47445 | 13581+ | 4633% | 149.00- | 6845- | 236.65f | 12488~
222 19.07 3.84 9.29 5.98 4933 18.59
Females 42306 | 123.06f | 45.04% | 151825 | 62.76- | 25017t | 16538~
3.42 16,57 4.99 13.35 7.09 4547 32,64
FL Males - - - . - -- i
Fermalos 4425: | 13113t | 4561 | 14798% | 6067+ | 27087+ ~
1,91 10.67 2.69 733 2.93 21.76
Bw Malos 45.78f | 13259t | 42.18% | 144.83= | 64.80% | 24942: | 82.10-
318 2473 451 12.46 6.02 4541 10.80
Females 42006 | 11621+ | 4086 | 153725 | 58.81= | 25399+ | 14821+
1.94 16,38 275 6.91 331 34.56 46,59
RW Males 58.06 11471 61.02 108.14 91.53 173.53 97.83
Femalos 44365 | 120188t | 45055 | 132.63% | Ol.S4t | 26608: | 149.34%
4.85 8.53 7.03 13.70 9.20 34.65 34.42
GS Males - - -- -- - - -
Fermalos 4088t | 12002 | 43.07% | 14202- | 5835: | 278.63f | 18557+
144 10.81 2,40 531 208 21,62 2467
0 Malos 47145 | 149.86f | 47.00& | 138.73% | 66.00- | 25444t | 145.15%
319 21,39 2.87 8,14 5,02 33.39 17.54
Feralos 13016 | 13448+ | 44.07: | 139.88% | 5872+ | 27625t | 216.72+
2.50 12.99 275 631 436 22.99 17.37
PA Males 48,64 13143 46,49 158.92 69.25 236,00 -
Fermalos 45276 | 114548 | 47965 | 152294 | 6635: | 223.57f | 153.96%
2.97 14.25 4.80 9.97 774 40,08 12.38
PM Males - . - - - . .
Femalos 43465 | 12654+ | 42.80: | 14372% | 6002+ | 26699+ | 186,82+
216 9.02 3.40 715 4.62 31.86 56,98
PY Males 47,09 138.55 48.63 160.17 66.58 24157 164.80
Femalos 44088 | 127.606 | 45.196 | 144074 | 6151= | 25096t | 192.20+
2.02 10.92 2.81 7.67 3.20 2875 3021
oA Males 44801 | 14249t | 4281% | 14277% | 61.94- | 26312 | 188.35%
2.19 13.36 3.54 16,19 2.82 2073 62,09
Females 43576 | 13374 | 45225 | 14006- | 6009+ | 27438t | 167.27%
4.55 10.43 8.85 17.64 9.73 4128 23.03
SA Males 49.74 151.23 49,88 125 44 69.63 250,00 197.83
Fermalos 44891 | 127.606 | 4650+ | 143.93% | 6323+ | 25178t | 210,00+
3.10 14.97 4.60 13.17 6.11 3870 42,75
. Males 47901 | 14417+ | 49.165 | 144071 | 6732+ | 25288t | 14351%
214 18.43 7.99 11.29 491 40,52 36,13
Females 44705 | 12909t | 47.64% | 14512+ | 6232: | 25632& | 187.79+
4.40 10.42 5.83 8.72 631 2027 34.54
47275 | 138.69f | 46.11% | 143.80- | 6725- | 24568t | 134.18%
GLOBAL | Males 3.675%% | 210700 | 650 | 13.69%* | 743%x | 4339 347345
Females 44306 | 123.59f | 45205 | 148.06- | 6252+ | 252.63f | 175.46%
3.61 15.33 5.49 13.56 7.53 42,05 3827

Statistical significance: *** P < 0,01

76




ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA. T. 43 (65). 2008

Table 4. Correlations between zoometrical variables and canonical variables

Females Canl Can2 Males Canl Can2
Cefl -1,1152 -1,7739 Cefl -0,7159 0,6807
CefL -0,5097 -0,9575 CefL -1,1156 -1,5509
CefW -1,1136 -2,0571 CefW -2,8237 -1,0478
Crl 2,0535 -0,6871 Crl 1,5650 -0,8465
CrL -1,0996 0,3211 CrL -2,0625 -0,6788
CrW 4,2693 -1,3665 CrW 1,8517 -1,2669
DI -0,7502 0,7505 DI -0,7595 -0,3139
Facl -0,0464 2,0739 Facl -0,2330 2,5135
FacL -0,2723 -1,4720 FacL -0,7217 -1,9138
FacW 0,2091 -1,4135 FacW -0,4782 -0,3795
PCefD -0,2704 0,2264 PCefD -0,7698 0,0964
W1 -1,4141 -1,2470 W1 -1,1287 1,0141
W2 0,2296 0,6108 W2 0,7405 0,5254
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Figure 1. PCA Analysis
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