Research in: Agricultural & Veterinary Sciences Jomél‘d.
Vol.4, No.1, 2010, pp.30-38 Publishing

A MORPHOMETRIC STUDY OF METAPODIUM IN BARDHOKA SHEEP

Ozan Giindemir’, G. Pazvant’, T. Jashari*’, M.O. Dayan®

'Department of Anatomy, Faculty of Veterinary Medicine, Istanbul University-Cerrahpasa,
Istanbul, Turkey

?Institute of Graduate Studies, Istanbul University-Cerrahpasa, Istanbul, Turkey

*Department of Anatomy, Faculty of Veterinary Medicine, Selcuk University, Konya, Turkey

Abstract. In this study, it was aimed to determine the osteometric features on the metapodium bones of
Bardhoka sheep which is native to Kosovo. Twenty-four (12 male, 12 female) healthy adult sheep
weighing between 48 and 72 kg were used in the study. The difference between male and female was
found to be statistically significant in morphometric measurements except for DEM (Antero-posterior
diameter of the external trochlea of the medial condyle) for metacarpus. For metatarsus, the difference in
all measurements between male and female was statistically significant. The highest correlation was
found between Bd (Width of distal end) and WCM (Medio-lateral width of the medial condyle)
measurements for metacarpus. The highest correlation between male and female for metatarsus was found
between DIM (Antero-posterior diameter of the internal trochlea of the medial condyle) and Dd (Depth of
distal end) measurements. It was seen that the metacarpus CV% values of female sheep ranged from
3.16% to 9.29%, and the metatarsus values ranged from 2.95% to 6.60%. In male sheep, these values
were between 2.95% and 8.04% for metacarpus, and between 2.82% and 8.83% for metatarsus. The
statistical difference between female and male index 3 (Bd / GL * 100) was found to be significant.
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1. Introduction

Bardhoka sheep is a local sheep breed in Kosovo. This breed is used for milk
and meat consumption in Kosovo. It is one of the races with the highest milk yield
among the Balkan countries. It has an average height of 64 centimeters (Bytyqi et al.,
2014; 2015; Cinkulov et al., 2008). There are a limited number of anatomy studies on
this breed (Giindemir et al., 2020).

Sheep have a wide usage area for human needs such as meat, milk and wool. In
this respect, it has lived with people in many parts of Europe since the past and
witnessed many historical changes (Blauer et al., 2019; Rannamée et al., 2016). In
particular, the remains of sheep obtained as a result of excavations can provide
information about the conditions of the day. For this reason, especially metapodium
bones have been investigated in many excavations (Pazvant et al., 2015; Onar et al.,
2015a; Ince et al., 2018). For this purpose, there are various studies that help to estimate
the animal's body characteristics by using the bones found in the excavations
(Demiraslan et al., 2019; Onar et al., 2015b). In this study, it was aimed to make the
osteometric features on the metapodium bones of Bardhoka sheep which is native to
Kosovo. We obtained the difference between the male and female sheep. We also tried
to reveal the differences between the Bardhoka sheep breed and other sheep breeds. It is
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thought that the obtained results will help in the taxonomy of the bones obtained as a
result of the excavations.

2. Materials and Methods

Twenty-four (12 male, 12 female) healthy adult sheep weighing between 48 and
72 kg were used in the study. Metapodium bones were collected after slaughter of these
sheep in Kosovo. Bones removed from soft tissue were boiled in saline for 5 hours.
Then it was allowed to dry after being kept in hydrogen peroxide (%50) for half an
hour. Digital caliper (150 mm) was used for measurements.

DEM DIM

GL: Greatest length, Bp: Width of proximal end, Dp: Depth of proximal end, d:
Mid-shaft width of diaphysis, e: Mid-shaft depth of diaphysis, SD: Smallest width
of diaphysis, DD: Smallest depth of diaphysis, Bd: Width of distal end, Dd: Depth
of distal end, Be: Greatest width of metaphysis, De: Greatest depth of metaphysis,
DIM: Antero-posterior diameter of the internal trochlea of the medial condyle,
DEM: Antero-posterior diameter of the external trochlea of the medial condyle,
DIL: Antero-posterior diameter of the internal trochlea of the lateral condyle,
DEL: Antero-posterior diameter of the external trochlea of the lateral condyle,
WCM: Medio-lateral width of the medial condyle, WCL: Medio-lateral width of
the lateral condyle

Fig. 1. Measurement of metacarpus and metatarsus
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Measurements from bone (Guintard &Lallemand, 2003; Davis, 1996; Pourlis et
al., 2017):
GL: Greatest length
Bp: Width of proximal end
Dp: Depth of proximal end
d: Mid-shaft width of diaphysis
e: Mid-shaft depth of diaphysis
SD: Smallest width of diaphysis
DD: Smallest depth of diaphysis
Bd: Width of distal end
Dd: Depth of distal end
Be: Greatest width of metaphysis
De: Greatest depth of metaphysis
DIM: Antero-posterior diameter of the internal trochlea of the medial condyle
DEM: Antero-posterior diameter of the external trochlea of the medial condyle
DIL: Antero-posterior diameter of the internal trochlea of the lateral condyle
DEL: Antero-posterior diameter of the external trochlea of the lateral condyle
WCM: Medio-lateral width of the medial condyle
WCL: Medio-lateral width of the lateral condyle
SPSS program (SPSS for Windows, version 21.0) was used for statistical
analysis. One-Sample T Test was applied to obtain the mean, maximum and minimum
values. Independent-Samples T Test was used to reveal the differences between the
groups. The statistically significant (P < 0.001) differences between the groups were
used in discriminant analysis. Variation coefficient was calculated separately for
metatarsus and metacarpus (CV%: Standard deviation/Mean*100).
Three indices were used to reveal the difference between the groups (Pazvant at
al. 2015; Ince at al. 2018; Onar at al. 2008):
Metapodial Slenderness index (index 1): SD/GL*100
Index 2: Bp/GL*100
Index 3: Bd/GL*100
This study was accepted by Food and Veterinary Agency, Office of Prime
Minister, Republic of Kosovo (Decision number: 3918-7).

3. Results

The mean, standard deviation, minimum and maximum values of the metacarpus
measurements are given in Tables 1 and 2 for both male and female animals. According
to these measurements, the difference between male and female was found to be
statistically significant in morphometric measurements except for DEM for metacarpus.
For metatarsus, the difference in all measurements between male and female was
statistically significant (table 3, table 4). It was also observed that all measurements in
male animal were higher than females.
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Table 1. Morphometric values of metacarpi

Sex Measurement Weigh GL Bp Dp d e SD DD Bd
(kg)

Mean 53.08 139.19 26.18 195 1488 11.11 16.11 1292 27.22

Female SDT 3.18 6.61 115 123 092 056 0.9 1.04 0.86
(cm) Min 48 122.06 24.71 18.01 13 10.02 15.12 11.61 259
Max 58 146.77 27.8 21.38 16.47 12.06 17.83 1552 29.02
Mean 67.83 148.48 28.72 211 16.75 1298 17.9 14.05 30.49

Male SDT 4.39 8.05 202 146 106 08 105 113 191
(cm) Min 55 135.12 2645 195 1487 11.63 16.04 12.7 28.46
Max 72 161.36 31.61 23.72 18.84 1491 1952 1558 356

P Va|Ue **x%x *%* *%* *%* **%* **%* *%k%* * **x%

SDT: Standard deviation. NS: Not significant. *: P < 0.05. **: P < 0.01. ***: P < 0.01.

Table 2. Morphometric values of metacarpi

Sex Measurement Dd Be De DIM DEM DIL DEL WCM WCL
Mean 17.79 28.63 14.84 15.01 1249 1483 11.71 126 12.2

Female SDT 0.68 1.05 052 081 1.16 0.78 0.63 0.44 0.54
(cm) Min 16.64 26.68 14.16 13.77 11.1 13.75 10.05 11.95 11.4
Max 19.24 2995 16.07 16.48 155 16.12 1245 13.21 13.03
Mean 19.3 3239 17.79 16.37 1298 16.19 1243 14.24 13.64

Male SDT 0.57 1.64 1.32 0.6 0.4 0.63 0.65 0.98 0.55
(cm) Min 1836 30.01 15.72 1566 12.14 1494 1166 1342 12.63
Max 20.25 3575 1959 1776 136 17.11 14.05 17.17 14.76

P Val ue *k*k *k*k *k*k *k*k NS *k*k * *k*k *kk

SDT: Standard deviation. NS: Not significant. *: P < 0.05. **: P < 0.01. ***: P <0.001.

Table 3. Morphometric values of metatarsi

Sex Measurement GL Bp Dp d e SD DD Bd
Mean 147.35 2265 2211 1295 1234 1403 1426 2564

Female SDT 6.73 0.72 1.03 0.7 0.62 0.87 0.79 1.01
(cm) Min 132.34 2143 2039 1227 112 1285 129 2394
Max 158.14 2385 2395 1474 1331 1628 1561 27.61
Mean 158.85 2437 2453 1399 1422 1506 16.19 28.08

Male SDT 7.71 1.02 0.72 0.77 1.07 0.86 1.43 0.98
(cm) Min 146.69 2248 2322 129 1274 1374 1419 26.69
Max 172.83 25.74 259 1549 16.32 16.29 1895 29.98

P Value ** *kk *kk ** **k* ** ** *kk

SDT: Standard deviation. NS: Not significant. *: P < 0.05. **: P <0.01. ***: P < 0.001.

Table 4. Morphometric values of metatarsi

Sex Measurement  Dd Be De DIM DEM DIL DEL WCM WCL
Mean 17.34 26.37 1521 1459 11.15 1462 11.22 11.81 1157

Female SDT 0.8 0.78 0.87 0.75 0.49 0.7 0.55 0.78 0.61
(cm) Min 16.14 25.27 13.86 1333 10.61 138 10.33 1045 10.36
Max 18.81 27.48 17.08 1596 1226 16.04 12.01 1291 12.37

Mean 18.82 29.27 17.74 1587 12.16 15.78 11.89 13.35 12.4

Male SDT 0.53 1.27 1.3 0.49 0.37 044 041 0.51 0.49
(cm) Min 17.71 26.62 16.12 1504 11.4 1497 1124 1254 1143
Max 19.57 30.89 19.5 16.63 128 16.41 1241 14.28 13.3

P Value **k*k *k*k *k*k *k*k *k*k *k*k *%x * k% **

SDT: Standard deviation. NS: Not significant. *: P < 0.05. **: P < 0.01. ***: P < 0.001.
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Metatarsus and metacarpus measurement values regardless of sex are given in
tables 5 and 6. There was no statistically significant difference between Dd, De, DIM,

DIL and DEL values.

Table 5. Morphometric values of metatarsi and metatarsus

Measuremen
Bone t GL Bp Dp d e SD DD Bd Dd
Mean 143.8
4 2745 20.3 1581 12.04 17 13.48 28.86 18.54
SDT 863 207 155 136 119 132 121 221 0.98
Metacarpu Min 122.0
s 6 2471 1801 13 10.02 1512 1161 259 16.64
(cm) Max 161.3
6 3161 2372 18.84 1491 1952 16.38 356 20.25
Mean 153.1 2351 2332 1347 13.28 1455 1522 26.86 18.08
SDT 9.2 123 151 089 1.28 1 15 1.58 1
Min 132.3
Metatarsus 4 2143 2039 1227 112 1285 129 2394 16.14
(cm) Max 172.8
3 2574 259 1549 1632 16.29 1895 29.98 19.57
P Value ** **k%k *kk *kk ** **k%k **k%k ** NS
SDT: Standard deviation. NS: Not significant. *: P < 0.05. **: P < 0.01. ***: P <0.001.
Table 6. Morphometric values of metatarsi and metatarsus
Bone Measurement Be De DIM DEM DIL DEL WCM WCL
Mean 30.51 16.32 1569 1273 1551 12.07 1342 1292
Metacarpus SDT 2.34 1.79 098 089 098 0.73 1.12 0.91
(cm) Min 26.68 14.16 13.77 111 1375 10.05 1195 11.4
Max 35.75 19.59 1776 155 1711 1405 1717 1476
Mean 27.82 16.47 1523 1165 152 1156 1258 1198
Metatarsus SDT 1.8 1.68 0.9 0.67 083 0.58 1.02 0.69
(cm) Min 25.27 13.86 13.33 1061 138 1033 1045 10.36
Max 30.89 19.5 16.63 128 16.41 1241 14.28 13.3
P value falaiel NS NS faleied NS NS * ol

SDT: Standard deviation. NS: Not significant. *: P < 0.05. **: P < 0.01. ***: P < 0.001.

For metacarpus, discriminant and correlation analysis tests were applied to
evaluate the distinction between male and female. The highest correlation was found
between Bd and WCM measurements (Correlation value: 0.913). One discriminant
function was found. Canonical correlation was found to be 0.93. The square of the
Canonical correlation was calculated It was determined that this function was able to
identify 86.5% of the male and female individuals.

Discriminant formula for the identification of individuals between male and

female for metacarpus:

Z: -25.565+1.019(e)+0.815(De)
As in the examples, when the values of the animal are written in place, if the
result is positive, the animal is defined as male and the negative as female;
Z: -25.265+(1.019*11.21) +(0.815*14.99): -1.625 (female sample)
Z:-25.265+(1.019*13.34) +(0.815*16.05): 1.405 (male sample)
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However, as in the square of canonical correlation, this formula has an 86.5%
chance of success. In other words, it was determined that there were 3 incorrect results
in the sample of 24 animals used.

The highest correlation between male and female for metatarsus was found
between DIM and Dd measurements (Correlation value: 0.886). One discriminant
function was found. Canonical correlation was found to be 0.86. The square of the
Canonical correlation was calculated It was determined that this function was able to
identify 74% of the male and female individuals.

Discriminant formula for the identification of individuals between male and
female for metatarsus:

Z: -31.643+669(Dp)+0.576(Be)

Variation coefficients of morphometric data were also calculated. Metacarpus
and metatarsus CV% values of female and male Bardhoka sheep are given in Table 7.
According to these data, it was seen that the metacarpus CV% values of female sheep
ranged from 3.16% to 9.29%, and the metatarsus values ranged from 2.95% to 6.60%.
In male sheep, these values were between 2.95% and 8.04% for metacarpus, and
between 2.82% and 8.83% for metatarsus.

Table 7. CV% values of metacarpus and metatarsus

Metacarpus Metatarsus
Measurement Female Male Female Male
(cm) (cm) (cm) (cm)
GL 4.75 5.42 4.57 4.85
Bp 4.39 7.03 3.18 4.19
Dp 6.31 6.92 4.66 2.94
d 6.18 6.33 541 5.50
5.04 6.63 5.02 7.52
SD 5.59 5.87 6.20 571
DD 8.05 8.04 5.54 8.83
Bd 3.16 6.26 3.94 3.49
Dd 3.82 2.95 4.61 2.82
Be 3.67 5.06 2.96 4.34
De 3.50 7.42 5.72 7.33
DIM 5.40 3.67 5.14 3.09
DEM 9.29 3.08 4.39 3.04
DIL 5.26 3.89 4.79 2.79
DEL 5.38 5.23 4.90 3.45
WCM 3.49 6.88 6.60 3.82
WCL 4.43 4.03 5.27 3.95

Three different indexes for metacarpus and metatarsus were applied between
male and female groups (table 8). According to these results, the statistical difference
between female and male index 3 (Bd / GL * 100) was found to be significant.

35



RESEARCH IN: AGRICULTURAL & VETERINARY SCIENCES, V.4, N.1, 2020

Table 8. Indices values of metacarpus and metatarsus

Female Male

Bone indices Mean SDT Mean SDT P value

Metacarpus 1 11.59 0.71 12.07 0.62 NS

(cm) 2 18.83 0.95 19.35 1.03 NS
3 19.59 0.86 20.55 1.09 P <005

Metatarsus 1 9.54 0.83 9.49 0.44 NS

(cm) 2 15.39 0.52 15.36 0.51 NS

3 17.43 1.03 17.70 0.57 NS

SDT: Standard deviation. NS: Not significant.
4, Discussion and Conclusion

In our study, morphometric data of Bardhoka race of Kosovo race were taken,
statistical analysis was performed and CV% values were calculated. In metacarpus
measurements, the highest CV% value for females was found to be DEM, and for
metatarsus WCM. In men, the highest CV% values for both metacarpus and metatarsus
were found to be DD. As in our previous study in Shetland sheep, the highest CV% for
metacarpus in females was reported as DEM (Davis, 1996). The highest CV% value for
female metacarpus in Morkaraman sheep breed, which is one of the Turkish local sheep
breeds, was Bd, Be in Tuj sheep breed and SD in Kivircik sheep breed (Davis, 1996;
Demiraslan et al., 2015). In males, the highest CV% value was found to be DD in both
metacarpus and metatarsus of the Bardhoka race. Despite this, the highest value in
morkaraman was De, in Tuj was DIL and in Kivircik was SD is reported to be.
(Demiraslan et al., 2015; Bacinoglu, 2006). In a study of 215 sheep samples, the highest
CV% for male and female in metacarpus and metatarsus was reported to be d (Guintard
& Lallemand, 2003). In this study, the highest values in metatarsus females were found
to belong to WCM as in female Tuj sheep breeds. For the metatarsus, the Be
measurement in females and the De measurement in males were higher in morkaraman
sheep breeds (Demiraslan et al., 2015). For the metatarsus, it was reported that CV% of
De measurements in female Kivircik sheep breed were high. (Bacinoglu, 2006). In
another study, the osteometric examination of sheep and goat bones revealed during the
archeological excavations of the Yenikapt Metro and Marmaray regions of Istanbul was
performed (Pazvant et al., 2015). In this study, it was reported that CV% value was
higher in DD measurements for metatarsus and metacarpus bones. CV% values are
considered to be lower in homogeneous samples. Generally, this rate was found to be
higher in the excavation studies than in the uniform race studies. In addition, it is seen
that CV% values in DD measurements are high in samples with high number of
animals.

It was reported that the GL value for the metacarpus bones extracted during the
archeological excavations of Yenikapt Metro and Marmaray regions in Istanbul was
124,91 cm (Pazvant et al., 2015). It was reported that the average GL measurements of
female Morkaraman sheep with an average of 32.86 kilograms was 137.98, and that of
female Tuj sheep with an average of 32.09 kilograms was 133.15 cm (Demiraslan et al.,
2015). In the Bardhoka sheep breed, the mean of metacarpus GL measurements of the
female with an average weight of 53.08 kg were found to be 139.19 and the mean of
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metacarpus GL measurements of the male with an average weight of 67.83 kg were
found to be 148.48. In another study, the mean GL measurements of sheep without
distinction between males and females were reported to be 149.71 (Pourlis et al., 2017).
The mean GL measurements of this study were found to be higher than the GL
measurements of Bardhoka breed sheep. However, it is thought that morphometric
measurements of these comparisons would be more accurate in comparing the data such
as body weight and body length.

It was seen that CV% of Bd values were low for metacarpus and metatarsus. In
addition, a statistically significant difference was found between male and female sheep
for these values (P < 0.01). However, Bd measurement value is not included in the
formulas obtained from discriminant analysis. In discriminant analysis, e and de values
for metacarpus and Dp and Be values for metatarsus were differentiated. In addition, it
was found that the correlation between Bd and WCM values was highest for metacarpus
and the correlation between DIM and Dd values was highest for metatarsus. In this
study it was performed, it was seen that the differential values obtained for each test
were different. In this respect, we think that it would be more accurate to perform all
tests that can be performed in morphometric measurements. We know that the number
of samples should be high especially for discriminant analysis. However, the number of
Bardhoka sheep breeds is known to be low. And it was found that it was difficult to
obtain material related to this race during the study.

References

Bacinoglu, D. (2006). Kivircik ki koyunlarda metapodium’larin morfometrik ve stereolojik
metodlarla incelenmesi. PhD Thesis, Istanbul Universitesi, Saghk Bilimleri Enstitiisii,
Istanbul.

BlAuer, A., Harjula, J., Helamaa, M., Lehto, H., & Uotila, K. (2019). Zooarchaeological
evidence of large-scale cattle metapodial processing in the 18th century in the small
town of Rauma, Finland. Post-Medieval Archaeology, 53(2), 172-185.

Bytyqi, H., Baumung, R., Mehmeti, H., &Fuerst-Waltl, B. (2014). Phenotypic characterization
and description of production systems of autochthonous sheep breeds in
Kosovo. Animal Genetic Resources/Resources génétiques animales/Recursos genéticos
animales, 54, 163-170.

Bytyqi, H., Fuerst-Waltl, B., Mehmeti, H., & Baumung, R. (2015). Economic values for
production traits for different sheep breeds in Kosovo. Italian Journal of Animal
Science, 14(4), 3808.

Cinkulov, M., Popovski, Z., Porcu, K., Tanaskovska, B., Hodzi¢, A., Bytyqi, H., ... & Trailovi¢,
R. (2008). Genetic diversity and structure of the West Balkan Pramenka sheep types as
revealed by microsatellite and mitochondrial DNA analysis. Journal of Animal
Breeding and Genetics, 125(6), 417-426.

Davis, S.J. (1996). Measurements of a group of adult female Shetland sheep skeletons from a
single flock: a baseline for zooarchaeologists. Journal of Archaeological Science, 23(4),
593-612.

Demiraslan, Y., Giirbiiz, 1., Aslan, K., & Akbulut, Y. (2015). The stereological and
morphometrical analysis of metapodium in Tuj and Morkaraman sheep. Arc Journal of
Animal and Veterinary Sciences, 1(1), 12-23.

Demiraslan, Y., Giirbiiz, 1., Kirbas, G., & Aslan, K. (2019). Hemsin Koyunlarinda
Metapodium’larin  Morfometrik ve Stereolojik Incelenmesi. Mehmet Akif Ersoy
Universitesi Saghk Bilimleri Enstitiisii Dergisi, 6(1), 1-14.

Guintard, C., & Lallemand, M. (2003). Osteometric study of metapodial bones in sheep
(Ovisaries, L. 1758). Annals of Anatomy-Anatomischer Anzeiger, 185(6), 573-583.

37



RESEARCH IN: AGRICULTURAL & VETERINARY SCIENCES, V.4, N.1, 2020

Ince, N.G., Pazvant, G., Saritas, O., Kahvecioglu, K. O., Oztiirk, M., & Onar, V. (2018).
Osteometrical assessment of withers height and sex determination of byzantine cattle
from metacarpals (The theodosiusharbour area, Istanbul). Mediterranean Archaeology
& Archaeometry, 18(1).

Onar, V., Kahvecioglu, O., Kostov, D., Armutak, A., Pazvant, G., Chroszcz, A., & Gezer Ince,
N. (2015a). Osteological evidences of Byzantine draught cattle from Theodosius
Harbour at Yenikapi, Istanbul. Mediterranean Archaeology and Archaeometry, 15(2),
71-80.

Onar, V., Pazvant, G., & Belli, O. (2008). Osteometric examination of metapodial bones in
sheep (Ovisaries L.) and goat (Capra hircus L.) unearthed from the Upper Anzaf Castle
in Eastern Anatolia. Rev. Med. Vet-Toulouse, 159, 150-158.

Onar, V., Pazvant, G., Pasicka, E., Armutak, A., &Alpak, H. (2015b). Byzantine horse skeletons
of Theodosius Harbour: 2. Withers height estimation. Rev. Med. Vet., 166, 30-42.
Giindemir, O., Duro, S., Jashari, T., Kahvecioglu, O., Demircioglu, 1., Mehmeti, H. (2020). A
study on morphology and morphometric parameters on skull of the Bardhoka

autochthonous sheep breed in Kosovo. Anatomia Histologia Embryologia, 00, 1-7.

Pazvant, G., Onar, V., Alpak, H., Gezer Ince, N., Kahvecioglu, K.O., Armutak, A., & Kiziltan,
Z. (2015). Osteometric examination of metapodial bones in sheep (Ovisaries L.) and
goat (Capra hircus L.) unearthed from the Yenikapt Metro and Marmaray excavations
in Istanbul. Kafkas Universitesi Veteriner Fakiiltesi Dergisi, 21(2), 147-153.

Pourlis, A., Katsoulos, P., & Chatzis, T.H. (2017). Metrical data of metapodial bones in female
karaguoniko sheep and Helenic goat. Revue de Medicine Veterinaire, 168, 10-12.

Rannamie, E., Lougas, L., Niemi, M., Kantanen, J., Maldre, L., Kadorova, N., & Saarma, U.
(2016). Maternal and paternal genetic diversity of ancient sheep in Estonia from the
Late Bronze Age to the post-medieval period and comparison with other regions in
Eurasia. Animal Genetics, 47(2), 208-218.

38



