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Abstract: In this study, a total of 40 adult female Morkaraman sheep, a local Turkish breed, were used. After taking their
body measurements and carcass weights, the meat was cut off the bones; the skeletal bones were then removed, macerated
and every long bone weighed. Thereafter, morphometric measurements of the long bones were taken. The coefficients
obtained from the correlation of osteometric measurements and morphological data were in general low (r < 0.600),
though certain relationships were found to be significant. Regression of morphological variables on osteometric
measurements was statistically significant. By this, regression formulas were obtained which can contribute to predict the
visible morphology in zooarchaeological studies.  Length measurements would be more suitable for predicting shoulder
height than using width measurements of the long bone. On the other hand, body and carcass weights and chest circle
would be determined more efficiently by measuring the width of long bones (Bp, Bd, SD). Furthermore, the humero-
femoral index formula can be used to identify sheep in an archaeological bone collection of several animals.
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Morkaraman koyunlarında morfometrik değerler ile uzun kemik ölçümleri
arasındaki ilişkinin belirlenmesi 

Özet: Bu çalışmada, yerli koyun ırklarından toplam 40 adet erişkin dişi Morkaraman koyunu kullanıldı. Koyunların
morfolojik değerleri (yaş, cinsiyet, canlı ağırlık, omuz yüksekliği ve göğüs çevresi) belirlendikten sonra İstanbul
Üniversitesi Veteriner Fakültesi Mezbahasında kesimleri yapıldı. Kesim işlemini takiben karkas ağırlıkları alındıktan
sonra, kaba etleri temizlenip iskelet kemikleri çıkarılarak maserasyon işlemine tabi tutuldu. Daha sonra, morfometrik
inceleme için uzun kemik ölçümlerinin alımı işlemine geçildi. Osteometrik ölçümlerle morfolojik veriler arasında
hesaplanan korrelasyon analizlerine bakıldığında elde edilen korrelasyon katsayılarının bazılarının önem taşımasına
rağmen r < 0,600 düzeyinde olması düşük bir ilişkinin bulunduğunu göstermesi açısından önem taşımaktaydı. Aralarında
istatistikî açıdan önemli yüksek korrelasyonlar tespit edilen osteometrik ölçümler ile morfolojik verilerin regresyon
analizi yapılarak regresyon denklemleri oluşturuldu. Böylece zooarkeolojik çalışmalarda, görünür morfolojinin tahmin
edilmesine katkı sağlayabilecek regresyon formülleri elde edildi. Omuz yüksekliğinin tahmin edilmesinde uzun
kemiklerin genişlik ölçümlerinden çok, uzunluk ölçümlerinin daha yararlı olabileceği, buna karşın vücut ve karkas
ağırlıkları ile göğüs çevresi hesaplamalarında ise uzun kemiklerin enine (Bp, Bd, SD) ölçümlerinin daha etkin olduğu
kanısına varıldı.  Humero-femoral indeks formülünün ise birden fazla hayvan kemiğinin olduğu arkeolojik
koleksiyonlarda, özellikle koyun kemiklerinin bireysel olarak ayrımı işleminde kullanılabileceği düşünülmektedir.
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Introduction
Sheep are an important source of food (meat and

milk) as well as of other products of high economic
value, such as wool and leather (1,2), which is also the
case for historic societies, sheep remains constitute
important archaeological finds. The evaluation of
sheep bones provides morphological information on
the animals` shoulder height, body weight, sex, age,
and other features, which can be used to define the
animal population, and allows comparison with other
historic or modern sheep populations (3-8).

The development morphology of animals shows
considerable variation with respect to breed, age, sex,
nutritional situation and environmental factors
among others. Bone marrow quantities (excess or
deficiency) are not only related to bone development
but also to trabecular bone structures and the width of
the cavum medullare (9). 

To estimate morphological variables such as body
weight and chest circle, measurements on small
ruminants were used (goats) because of its ease of
application (10); however, few attempts have been
made to correlate it with osteometric values. 

Examination of sheep metapodial bones has both
yielded data that cast light on the domestication of
sheep (11,12), and valuable information on their
skeletal bones, which constitute a good source of fat in
animals (13). 

Examination of long bones provides rather
significant insights into intra-species as well as inter-
species differences. It has, for example, been reported
that distal metacarpal and distal and proximal
metatarsal bones were used to distinguish between
Neolithic sheep and goat bones (14). 

Besides their visible morphology, osteological
material is also important for a principal distinction
between sheep and goats, with metapodial bones of
goats reported as being shorter and broader than
those of sheep (15). 

Other research has looked into the relationship
between the body condition scores of sheep (good or
average) and their associated osteometric differences.
It was found that sheep in good condition were larger
(16), thus establishing a correlation between
osteometric measurements and the animals`
morphology.

Zooarchaeologists focus on the importance of
morphological data in the definition of animal
populations. The relationship, however, between
morphological and osteological data has always been
limited. Parameters, such as body weight and
shoulder height, and their correlation with bone
measurements (5-8,17,18) provide information on the
morphological structure of animals and allow
comparison of zooarchaeological materials
(3,6,12,16).

Sheep breeds exhibit an unusual intra-species
polymorphism. Within the sheep species, we find
virtually hundreds of races which look different and
also have different productivity properties. Using
these properties as characteristics, sheep races can be
classified into a number of groups (1,19). 

Among the sheep breeds in Turkey, Karaman
sheep rank first in quantity. They belong to combined
productivity races (1,2,19). An osteometric
examination of these races with their wide breeding
potential was considered relevant with respect to the
evaluation of material excavated at numerous sites in
Anatolia (20-22). 

It can be concluded that osteometric
measurements of Morkaraman sheep will not only
contribute to our knowledge of the relationship
between morphological values and carcass weight,
and lend support to future ontogenetic investigations
but also improve our understanding of the visible
morphology of sheep derived from
osteoarchaeological material. The analyses applied in
this study yielded data that shed light on both
allometric and morphometric studies.

Material and Methods
In this study, a total of 40 adult female

Morkaraman sheep, a local Turkish breed, were used.
After determination of the age and sex of the sheep
and measurement of morphometrical and carcass
data (body and carcass weights, shoulder height, and
chest circle), they were slaughtered in the slaughter
house of the İstanbul University Veterinary Faculty.
The meat was cut off the skeletal bones and then
macerated (23). 
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Following maceration, the weight of every long
bone was measured on a high-precision electronic
digital calliper (the precision of the measurement is
0.1 mm) and recorded. Thereafter, morphometric
measurements of the long bones were taken (24).

Measurement of the long bones (Figure):
Scapula
1. Height along the spine (HS); 2. Diagonal height

(DHA): from the most distal point of the scapula to
the thoracic angle; 3. Maximum length of the
processus articularis (glenoid process) (GLP)

Humerus
1. Greatest length (GL); 2. Breadth of the proximal

end (Bp); 3. Breadth of the distal end (Bd); 4.
Minimum breadth of diaphysis (SD)

Radius
1. Greatest length of the radius (GL); 2. Breadth of

the proximal end (Bp); 3. Breadth of the distal end
(Dp); 4. Minimum breadth of diaphysis (SD)

Ulna
1. Greatest length of the ulna (GL); 2. Minimum

depth of the olecranon (SDO); 3. Depth across the
processus anconaeus (DPA)
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Figure. Osteometric measurements.



Femur
1. Greatest length (GL); 2. Breadth of the proximal

end (Bp); 3. Breadth of the distal end (Dp); 4.
Minimum breadth of diaphysis (SD)

Tibia
1. Greatest length (GL); 2. Breadth of the proximal

end (Bp); 3. Breadth of the distal end (Dp); 4.
Minimum breadth of diaphysis (SD)

Fibula
This measurement was not included in the

evaluation because in small ruminants the corpus of
this bone has undergone reduction, and only its
proximal end remains attached to the side of the
tibia`s lateral condylus (15). 

Statistical analyses
All osteometric data were used for statistical

calculations. For this purpose, mean values and
standard deviations were calculated along with their
correlation with morphological data and the carcass
weight, in order to elucidate the relationship between
osteometric measurements, sheep’s morphology, and
carcass weight. For statistical calculations: mean value,
standard deviation, correlation and regression
analyses were obtained using SPSS 8.0. 

The simple regression model used is as follows:
Y = a + bX... Simple linear equation 
Y = Dependent variable
a = intercept
b = regression coefficient
X = independent variable

Results
The morphological and osteometric data of the 40

Morkaraman sheep examined in this study together
with mean values and standard deviations are
presented in Table 1. 

For all long bone measurements of the animals,
which suffered from no bone pathologies, the fibula
was excluded for reasons explained above.

Correlation between the body weight
measurements and shoulder height and chest circle
were significant (P < 0.001) for the morphological

data, while no significant correlations were found
between shoulder height and other morphological
measurements. For carcass weight, only a correlation
with the chest circle (P < 0.001) could be established
(Table 2). 
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Table 1. Mean values and standard deviations of morphological
and osteometric measurements.

Body characteristics n Mean SD±

Body weight (kg) 40 56.48 4.481
Carcass weight (kg) 40 20.60 2.069
Shoulder height (cm) 40 68.7 2.7
Chest circle (cm) 40 102.6 3.7

Scapula (mm)
HS 40 171.49 5.984
DHA 40 179.38 6.091
GLP 40 38.08 1.483

Humerus (mm)
GL 40 161.18 4.017
Bp 40 44.14 1.743
Bd 40 34.97 2.076
SD 40 17.69 0.913

Ulna (mm)
GL 40 207.17 5.800
SPO 40 25.25 1.059
DPA 40 29.13 1.065

Radius (mm)
GL 40 168.71 5.114
Bp 40 35.93 1.103
Bd 40 33.48 0.985
SD 40 17.68 0.748

Femur (mm)
GL 40 188.15 4.720
Bp 40 50.09 2.039
Bd 40 43.16 1.305
SD 40 18.88 0.933

Tibia (mm)
GL 40 220.33 6.329
Bp 40 47.03 1.096
Bd 40 30.41 2.457
SD 40 16.92 0.684



Results of the correlation analysis of scapula and
humerus measurements with morphological data are
given in Table 3. For the scapula height (HS) and the
other parameters with the exception of the chest
circle, a positive and significant (P < 0.05, 0.01)
correlation was found. While no significant
relationship was established for scapula diagonal
height (DHA) and live weight as well as chest circle, a
positive and significant (P < 0.05 and 0.01,
respectively) correlation was found for carcass weight
and shoulder height. Maximum length of the glenoid
process (GLP) was positively correlated with only
body weight. 

For the humerus measurements only greatest
length (GL) was correlated with shoulder height (P <
0.01), while no significant correlation could be
established with any other parameter (Table 3).

Radius and ulna measurements of the antebrachia
were evaluated separately.

For ulna greatest length (GL) and shoulder height,
correlation was high, significant, and positive (P <
0.01), while the correlation factor for the oleacranon-
related measurements (SDO and DPA) and the
morphological data was found to be generally low (r
< 0.500) (Table 4). 

In the case of the radius measurements, only
greatest length (GL) was highly correlated with
shoulder height, while the other correlation factors
calculated were < 0.500 (Table 4).

The results of the correlation analysis of the femur
and the tibia measurements with the morphological
data are compiled in Table 5. As shown in the table,
the correlation factor is generally < 0.500 though
some correlations were significant.

Among the tibia measurements, only greatest
lengths were highly and positively correlated with
shoulder height (P < 0.01) with no significant
relationship with the other morphological traits
(Table 5).

The results of the correlation analysis of long bone
weight and morphological data are given in Table 6. 
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Table 2. Correlation analysis of the morphological data.

Carcass Shoulder Chest
weight height circle

Body weight 0.777*** 0.112NS 0.663***
Carcass weight 0.288NS 0.661***
Shoulder height 0.299 NS

***: P < 0.001; NS: Not significant

Table 3. Correlation analysis between morphological data and scapula and humerus
measurements.

Scapula measurements

HS DHA GLP

Body weight 0.381 * 0.302NS 0.320 *
Carcass weight 0.460** 0.402 * 0.251NS

Shoulder height 0.433** 0.521** 0.070NS

Chest circle 0.220NS 0.223NS 0.276NS

Humerus measurements

GL Bp Bd SD

Body weight 0.203NS 0.184NS -0.018NS 0.149NS

Carcass weight 0.269NS 0.317 * -0.162NS 0.193NS

Shoulder height 0.474** -0.048NS -0.054NS 0.088NS

Chest circle 0.267NS -0.044NS -0.142NS 0.213NS

*: P < 0.05; **: P < 0.01: ***: P < 0.001; NS: Not significant



Table 4. Correlation analysis between morphological data and ulna and radius
measurements.

Ulna measurements

GL SPO DPA

Body weight 0.214 NS 0.173 NS 0.438**
Carcass weight 0.134 NS 0.159 NS 0.346 *
Shoulder height 0.515** -0.001 NS -0.022 NS

Chest circle 0.177 NS 0.047 NS 0.051 NS

Radius measurements

GL Bp Bd SD

Body weight 0.156NS 0.377 * 0.366 * 0.475**
Carcass weight 0.089NS 0.346 * 0.294NS 0.362 *
Shoulder height 0.563** 0.212NS 0.122NS -0.015NS

Chest circle 0.074NS 0.243NS 0.210NS 0.350 *

*: P < 0.05; **: P < 0.01; NS: Not significant
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Table 5. Correlation analysis between morphological data and femur  measurements. 

Femur measurements

GL Bp Bd SD

Body weight 0.143NS 0.229NS 0.239NS 0.398 *
Carcass weight 0.249NS 0.227NS 0.341 * 0.447**
Shoulder height 0.459** -0.088NS 0.071NS 0.067NS

Chest circle 0.164NS 0.071NS 0.060NS 0.438**

Tibia measurements

GL Bp Bd SD

Body weight 0.239NS 0.134NS 0.112NS 0.220NS

Carcass weight 0.212NS 0.109NS 0.120NS 0.780NS

Shoulder height 0.515** 0.041NS -0.074NS 0.136NS

Chest circle 0.119NS 0.159NS -0.049NS 0.142NS

*: P < 0.05; **: P < 0.01; NS:Not significant

Table 6. Correlation analysis between morphological data and long bone weight.

Long bone weights
Body measurements

Scapula Humerus Radius and Femur Tibia
weight weight Ulna weight weight weight

Body weight 0.512*** 0.536*** 0.461** 0.376 * 0.424**
Carcass weight 0.692*** 0.553*** 0.557*** 0.465** 0.458**
Shoulder height 0.381* 0.181 NS 0.425** 0.03NS 0.213NS

Chest circle 0.420** 0.398 * 0.338 * 0.211NS 0.246NS

*: P < 0.05; **: P < 0.01;***: P < 0.001; NS: Not significant



For the scapula, a significant correlation was found
for carcass and body weight (P < 0.001), while the
correlation factors for shoulder height and chest circle
were found to be lower (r < 0.500).  The same applies
to the humerus weight correlations. 

As radius and ulna, the constituent components of
the antebrachium, are characterised in these animals
by synostosis, they feature together as antebrachium
weight. Their weight was found only to be highly
positively correlated to the carcass weight while the
other correlation factors were lower (r < 0.500). 

For the relationship of femur and tibia weights
with morphological data, correlation factors of r <
0.500 were found.

Regression equations were obtained for regression
of morphological data on osteometric measurements
having highly significant correlations. The regression
equations of data with high correlation coefficients
are presented in Table  7.

Discussion
In this study, a homogenous group of Morkaraman

sheep from the same origin (3) was used in order to
reduce the variation due to sampling from different
races and sources to a minimum (8,17,25). 

The Morkaraman sheep, which have been bred as
a combined race for improved productivity of meat,
milk and wool, are one of the main sheep races in
Turkey (1,2). 

The morphological data of the sheep examined in
this study fall within the limits in the literature (1,2).
Consequently, the data obtained from this material
can be considered as valid. 

The coefficients obtained from correlation analysis
for osteometric measurements and morphological
data are in general rather low (r < 0.600), though
certain relationships were found to be significant (P <
0.05 and 0.01).  The observed low correlation between
bone measurements and the animals’ morphology
needs to be taken into consideration when deducing
the visible morphology of sheep from excavated bone
remains.  The regression formulas for osteometric and
morphologic data with high correlation coefficients
will be useful in zooarchaeologic studies. Considering
the inability to have a whole bone always in
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Table 7. The regression formulas between morphological data
and osteometric measurements.

Body weight (BW) = dependent variable P < 0.05

BW=7.5 + 0.29 Scapula HS 0.05
BW=19.7+ 0.97 Scapula GLP 0.05
BW=2.8 + 1.84 Ulna DPA 0.01
BW=1.5 + 1.53 Radius Bp 0.05
BW=0.8 + 1.66 Radius Bd 0.05
BW=6.2 + 2.84 Radius SD 0.01
BW=20.4 + 1.91 Femur SD 0.05
BW=39.1 + 0.32 Scapula weight 0.01
BW=34.3 + 0.30 Humerus weight 0.01
BW=33.4 + 0.39 Radius and Ulna weight 0.01
BW=42.2 + 0.16 Femur weight 0.05
BW=36.4 + 0.27 Tibia weight 0.01

Carcass weight(CW)=dependent variable
CW=-6.7 + 0.16 Scapula HS 0.01
CW=-3.9 + 0.14 Scapula DHA 0.05
CW= 4.0 + 0.38 Humerus Bp 0.05
CW=1.0 + 0.67 Ulna DPA 0.05
CW=-2.7 + 0.65 Radius Bp 0.05
CW=2.9 + 1.00 Radius SD 0.05
CW=-2.7 + 0.54 Femur Bd 0.05
CW=1.9 + 0.99 Femur SD 0.01
CW=9.8 + 0.20 Scapula weight 0.01
CW=10.1 + 0.14 Humerus weight 0.01
CW=7.7 + 0.22 Radius and Ulna weight 0.01
CW=12.5 + 0.09 Femur weight 0.01
CW=10.6 + 0.13 Tibia weight 0.01

Shoulder Height(SH)=dependent variable
SH=35.3 + 0.20 Scapula HS 0.01
SH=27.3 + 0.23 Scapula DHA 0.01
SH=17.4 + 0.32 Humerus GL 0.01
SH=19.1 + 0.24 Ulna GL 0.01
SH=18.6 + 0.30 Radius GL 0.01
SH=19.4 + 0.26 Femur GL 0.01
SH=20.4 + 0.22 Tibia GL 0.01
SH=60.9 + 0.14 Scapula weight 0.05

Chest circle(CC)=dependent variable
CC=71.9 + 1.73 Radius SD 0.05
CC=69.8 + 1.74 Femur SD 0.01
CC=90.8 + 0.22 Scapula weight 0.01
CC=89.0 + 0.18 Humerus weight 0.05
CC=88.6 + 0.24 Radius and Ulna weight 0.05



zooarchaeologic studies, our study will have a big
contribution in predicting the visible morphology by
using long bone measurements. When the regression
equations were calculated – taking account of the
correlation factors – it was found that all were highly
significant (P < 0.01). Despite those findings,
findings from this study suggests that the humero-
femoral index formula can be used to identify sheep
in an archaeological bone collection of several animals
(26). For humerus and femur greatest lengths the
following formula was obtained:

Humerus GL (mm) = 21.7 + 0.741 × Femur GL
(mm)    R – Sq = 75.8 (P < 0.05)

We believe that this model will contribute
considerably to archaeological studies where the
objective is to determine which humerus and femur
belong to the same individual.

In this study, a high correlation (r > 0.600) between
bone weight and morphological data could only be
established for the scapula. For all other bone weight
to morphological data correlations r were < 0.600.
This difference may be due to the different structural
make-up of the scapula as compared to other long
bones. The reason may be that the scapula, which
belongs to the ossa plana, does not feature a cavum
medullare, which is rather wide in the other bones. 

The low correlations reported in this study as well
as the osteometric measurements of the long bones
will find consideration as reference values for

Morkaraman sheep, and will thus contribute both to
morphometric and zooarchaeological investigations.  

As most zooarchaeologists use various measuring
systems, the standard measurements have a great
importance in the use of Log-ratio technique which
enables simplification, comparative equality
measurements, and evaluations (27). This method has
been developed by Simpson et al. (28) for the first
time and used widely by various researchers with
modifications (29,30).  In this study, the system used
by Von den Driesch (24) was used as standard
measuring system and we think it would be accepted
as a standard value in measurements obtained.
Correlations between the osteometric measurements
and morphologic data gave high positive coefficients
observed particularly among the GL measurements
of the long bones of the shoulder length. This showed
that the shoulder length increased proportionately
with the maximal length of bones. For this, prediction
of maximum length of bones from the shoulder
length, instead of the bone width measurements and
length measurements would be more useful. However,
in body and carcass weight and chest circle
calculations instead of maximal bone lengths, other
width measurements (Bp, Bd, SD) would be more
efficient and these values would specially be more
useful for calculations of more efficient regression
equations.
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