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ABSTRACT

In this research, a total of 186 metacarpal and 275 metatarsal bones were used from the 4739 bovine bones
which were collected from the Yenikapi Metro and Marmaray excavation of the port of Theodosius in Istan-
bul. The bovine bones were investigated by radiocarbon (14C) dating, and the cattle bones between Early
Byzantine (4th-7t centuries) to Late Byzantine (15t century). A total of 16 osteometric measurements were
taken from each metapodial. When the withers height was estimated according to the Matolcsi multipliers
without regard to the gender differences of the metapodial bones, it was observed that they varied between
120.97 and 123.52 cm on average. The presence of individuals with withers heights ranging from 103.45 to
148.10 cm suggests the existence of improved cattle breeding to obtain larger animals as well as steer cattle.
The wide interval scale of the withers heights seen in the Byzantine cattle suggests that Roman animal breed-
ing was still an influence in this period. However, the presence of small-size cattle in the port area of
Theodosius also suggests the presence of smaller, local individuals.
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1. INTRODUCTION

Cattle skeletal remains have been the most abun-
dant animal bone remains in most sites since the Ne-
olithic Period (De Cupere et al., 2000). Archaeozoo-
logical studies show that these animals were used in
a multipurpose manner; exploited for meat, milk
and labor (Bartosiewicz et al., 1997; Luff, 1993; De
Cupere and Waelkens, 2002; Groot, 2005; Koepke
and Baten, 2007; Telldahl, 2005). They were probably
primarily kept for meat, with other products, such as
labor, milk and fertilizer, as secondary uses (Groot,
2008). These animals were probably the first large
animal to be used for laboring (Davis, 1987). For this
purpose, they would have been mainly trained for
their physical strength and appearance (De Cupere,
2001).

Although the domestication of species brought
morphological changes, there is no general consen-
sus on the change of size that would be expected
(O’Connor, 2008). Environmental impacts such as
climate change are also a factor for some species
(Davis, 1981), compounded by the significant impact
of selective animal breeding in later periods (eg the
Roman period) (Groot, 2008). One way of examining
the intensity of production and increasing meat
needs in past societies is to look at changes in with-
ers height (Groot, 2008), which has been one of the
most common ways for describing the size of live-
stock animals (Reitz and Wing, 2008). Withers
heights of cattle has generally been shown to in-
crease through time, particularly in the Roman peri-
od (Groot, 2008). Larger size cattle were of great im-
portance both in terms of work force and meat pro-
duction. Previous research has largely focused on
them as a labor force (De Cupere, 2001). However,
size is also determinative of weight and thus the po-
tential production of meat from the animals
(O’Connor, 2008). Changes in sex ratios of assem-
blages may also affect the withers height distribu-
tion.

Sexual dimorphism in size is observed in most
mammals, with males generally being bigger than
females (Davis, 1987). This dimorphism provides a
great opportunity to estimate the sex ratio from ar-
chaeological bone assemblages for livestock animals
such as cows and goats (Davis, 1987). However, the
existence of steer animals in assemblages makes this
problematic (Davis, 1987). Their inclusion makes it
very difficult to see dimorphism in these assemblag-
es, however this can be overcome by evaluating the
proportional dimensions of the bones (Johnstone,
2004). This is because castration is likely to delay
epiphyseal closure in long bones. This allows for
extended longitudinal development and thus, the

long bones of these animals become comparatively
long and thin (Davis, 1987).

Morphological data has been an important tool for
archaeologists in defining animal populations. Esti-
mating the shoulder height from an archaeological
animal is of great benefit in terms of assessing visual
morphology. It is known that the length of the long
bones is closely related to the height of an animal.
Therefore, one of the most important methods for
estimating withers heights is the use of osteometric
measurements (O’Connor, 2008).

Withers heights of archaeological animals can be
estimated using different formulas (Forest, 1998;
Reitz and Wing, 2008). However, these different
shoulder height formulas do not give similar results
when used on archaeological bones (Bartosiewicz,
1995, Reitz and Wing, 2008). It has been noted that
there are some problems in relation to the ratio of the
forelimb and hindlimb for the calculation of shoul-
der height (Peters, 1998). It has been reported that
some pre/early historical animals and modern ani-
mals (e.g. horses) do not have similar leg ratios and
this may have affected the calculations of withers
heights (Johnstone, 2004). However, the withers
height is an important factor in terms of defining
animal populations. This is because the withers
height enables a direct comparison of the measure-
ments from different skeletal elements and provides
an idea of the height of the living animal without
relying on simple bone measurements. When meas-
urements obtained from different bones are convert-
ed to the withers height, it allows them to be evalu-
ated as a single example (O’Connor, 2008).

In cattle, the withers heights (Boessneck, 1956;
Fock, 1966; Matolcsi, 1970) and sex ratio (Boessneck,
1956; Higham, 1969; Howard, 1963; Kostov and
Tsandev, 2014; Matolcsi, 1970; Nobis, 1954; Telldahl
et al., 2012; Zalkin, 1960) estimations have generally
been undertaken by using metapodial measure-
ments. The formulas represent a relationship be-
tween a specific bone lengths - which were obtained
by using analogue data from modern specimens -
and their withers height (O’Connor, 2008). The
measurements are combined with a number of dif-
ferent multiplier such as that presented by von den
Driesch and Boessneck (1974).

In this study, the sex ratio and withers height es-
timations were calculated from cattle metapodial
bones of the Byzantine period [between Early Byzan-
tine (4th-7th centuries) to Late Byzantine (15th cen-
tury)] Yenikapi Theodosius harbor area (Onar et al.,
2008a), which is now the main station of the Metro
Rail System and Marmaray tube crossing. The size
change between Byzantine cattle and the cattle re-
mains from different periods was evaluated and as a
result the influence of selective cattle breeding in the
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Byzantine period was revealed. In our previous re-
search (Onar et al., 2015), the study of pathologies
indicates that these animals were used for labour.
This study presents the sex structure and withers
heights of these animals. By this, the effects of pro-
duction and aims on gender and withers height
which were preferred during the Byzantine period
according to the labour and meat demands could be
understood. In order to contribute this outcome, the
differentiation in cattle dimensions during the Ro-
man period and its reflections of such applications
during the Byzantine period were tried to be deter-
mined osteometrically.

2. MATERIALS AND METHODS

In this research, cattle metapodial bones which
were recovered from the Istanbul Yenikapi Metro
and Marmaray excavation of the Theodosius Harbor
were investigated. The excavation began in 2004 and
was completed in 2013. Post-excavation work on
what was recovered ongoing. The lengths of 186
metacarpals and 275 metatarsals from the total of
4739 bovine bones that were recovered (Onar et al.,
2015) were measured. Sixteen osteometric measure-
ments were obtained from each metapodial (von den
Driesch, 1976).

Osteometric measurements of the metapodia

GL: Greatest length

Bp: Width of proximal end

Dp: Depth of proximal end

SD: Smallest width of diaphysis in the medio-lateral
axis

d: Mid-shaft width of diaphysis

e: Mid-shaft depth of diaphysis in the dorso-palmar
axis

Bd: Width of distal end

Be: Greatest width of metaphysis in the medio-
lateral axis

De: Greatest depth of metaphysis in the dorso-
palmar axis

Dd: Depth of distal end

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 troch-
lea 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

Figure 1. Osteometric measurements of the cattle metacarpal. A.Dorsal view, B. Lateral view, C. Distal view
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The index calculations were undertaken using
these osteometric measurements.

Indeks 1(Slenderness index) = SD/GL*100 (Berteaux
and Guintard, 1995; Davis, 2000; Guintard, 1998,
Howard, 1963; Onar et al.,, 2008b; Pazvant et al.,
2015)

Indeks 2= Bp/GL*100 (Nobis, 1954; Zalkin, 1960)
Indeks 3= Bd/GL*100 (Howard, 1963)

Nobis’s (1954) index scale was used for the as-
sessment of sex from the metapodial bones with the
aim of separating male, female and steers. Withers
heights were then the estimated using metapodial
multipliers from a number of researchers (Boess-
neck, 1956; Fock, 1966, Matolcsi, 1970; Zalkin, 1960),
as noted by von den Driesch and Boessneck (1974).

3. RESULTS

The sixteen osteometric measurements that were
obtained from the metapodial bones are presented in
Tables 1 and 2. The measurements are grouped by
sex based on the Nobis’s index calculation scale
Bp/GL*100 (index 1) value (Tables 3 and 4).

It was observed that the difference in GL (Greatest
Length) measurements of the metacarpal bones be-
tween male, and female and steer animals was not
statisically significant. However, the difference be-
tween female and steers was statistically significant
at P <0.05 (Table 1). The same result was found for
the estimation of withers heights (which were ob-

tained from the GL measurements), which were cal-
culated using four different multipliers (Matolsci,
1970; Boessneck, 1956; Fock, 1966 and Zalkin, 1960).
There were also some statistical significances be-
tween the sexes (female, male, and steer) in terms of
other osteometric measurements (SD, d, Bd, DEM,
WCM, and WCL) of the metapodial bones. There
was a significant difference (P<0.05) between female
and steer animals while there were no significant
differences observed between male and steer indi-
viduals.

According to the calculation of the Nobis index
(Bp/GI*100), one male individual was identified
from the metatarsals. For this reason, males could
not be properly compared. The difference between
the mean values of the metatarsals of females and
steers was significant at P <0.05 level when a Stu-
dent-T test was applied (Table 2). A similar result
was found for the withers height estimations which
were calculated using the metatarsal GL measure-
ments using 4 different multipliers (Matolsci, 1970;
Boessneck, 1956; Fock, 1966 and Zalkin, 1960).

Overall, there were significant differences in
measurements according to sex for both the meta-
carpal and metatarsal (P<0.05). However, the differ-
ence between female and steer individuals was es-
sential, as there was only on measurable male meta-
tarsal bone.
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Table 1. Osteometric measurements of the metacarpus

Metacarpus Osteometric measurements (mm)

Sex Statistical | GL Bp Dp SD d e Bd Be De Dd DIM DEM DIL DEL | WCM | WCL

N 133 132 132 132 132 133 130 130 131 129 132 132 128 130 131 128
Mean 196.54a | 53.80a | 32.87a | 29.14a | 29.31a | 22.05a | 55.04a | 50.852 | 27.462 | 29.67a | 27.48a | 24.54a | 27902 | 22392 | 26.30a | 25.54a

Female SD 13.60 449 3.27 2.94 3.02 1.95 4.88 4.50 212 2.53 2.43 2.13 2.45 1.98 242 2.30
Minimum | 171.56 | 44.94 27.54 24.28 22.37 18.26 47.46 41.03 2292 23.97 20.96 19.72 22.43 18.44 22.19 21.88
Maximum | 241.62 | 65.55 49.51 40.16 41.01 29.48 70.57 66.73 32.99 38.40 34.07 31.32 35.18 27.94 33.20 32.97

N 20 19 20 20 20 20 17 19 20 18 17 17 18 19 16 18

Mean 201.363b | 64.10> | 38.63b | 36.54b | 36.83b | 25.37> | 66.76> | 59.65b | 30.75b | 33.99> | 31.49> | 28.40b | 32120 | 2543t | 32.55b | 31.35b

Male SD 9.38 3.77 3.03 2.54 2.53 1.75 3.67 2.88 1.96 2.04 2.15 1.71 217 1.81 2.18 2.05
Minimum | 179.46 | 55.39 31.72 31.81 31.99 2248 57.30 53.59 27.29 29.29 27.81 2512 27.94 21.77 27.58 26.33
Maximum | 225.54 | 73.34 45.34 41.14 4140 29.02 74.04 65.56 35.40 38.32 35.38 31.29 35.79 29.20 36.33 35.56

N 33 33 33 33 33 33 32 32 32 32 33 33 31 32 33 30

Mean 205.35b | 62.58b | 37.56b | 34.30c | 34.58¢ | 24.53b | 62.97¢ | 57.74b | 30.15> | 33.29> | 31.01b | 27.29¢ | 31.58> | 25.15b | 30.19¢ | 29.24¢c

Ox? SD 10.53 3.00 2.69 2.34 2.36 1.50 2.87 3.28 1.89 2.08 1.80 1.56 1.90 1.52 1.57 1.55
Minimum | 185.84 | 56.55 30.05 30.26 30.76 20.55 56.58 52.04 26.49 27.80 26.65 24.24 26.86 21.53 26.77 26.14
Maximum | 233.90 | 70.12 43.14 41.72 41.90 27.86 69.25 67.19 33.67 37.81 34.34 30.53 35.40 29.04 34.09 32.32

N 186 184 185 185 185 186 179 181 183 179 182 182 177 181 180 176
Mean 198.62 | 56.44 34.33 30.86 31.06 22.85 57.57 52.99 28.29 30.75 28.49 25.40 28.97 23.20 27.57 26.77

Total SD 13.13 5.94 3.90 3.94 4.02 2.25 6.15 5.40 2.45 2.97 2.83 2.45 291 2.28 3.12 2.99
Minimum | 171.56 | 44.94 27.54 24.28 22.37 18.26 47.46 41.03 22.92 23.97 20.96 19.72 22.43 18.44 22.19 21.88
Maximum | 241.62 | 73.34 49.51 41.72 41.90 29.48 74.04 67.19 35.40 38.40 35.38 31.32 35.79 29.20 36.33 35.56

abe Means in the same column with different superscripts are significantly different (P<0.05)
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Table 2. Osteometric measurements of the metatarsus

Metatarsus Osteometric measurements (mm)
Sex Statistical | GL Bp Dp SD d e Bd Be De Dd DIM | DEM DIL DEL | WCM | WCL
N 244 239 237 243 242 243 240 242 233 236 232 239 235 239 237 237
Mean 230,172 | 45,592 | 43,362 | 26,232 | 26,622 | 27,242 | 53,032 | 49,942 | 29,182 | 30,182 | 27,392 | 23,852 | 28,692 | 21,742 | 25/182 | 24,28a
Female SD 14,54 4,54 4,09 3,10 3,22 2,70 5,34 4,99 2,59 2,69 2,52 2,12 2,71 2,03 2,64 2,48

Minimum | 194,72 | 26,12 33,76 20,59 20,91 21,72 43,55 38,42 22,67 23,44 22,00 18,37 22,32 16,58 20,07 18,91
Maximum | 266,04 | 55,77 53,85 34,87 36,38 34,46 65,00 60,72 36,23 37,55 33,87 30,35 36,54 26,93 32,63 30,08

N 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mean 208,12 | 50,12 46,77 29,25 29,52 28,91 56,58 50,06 28,51 30,79 27,88 25,71 29,21 22,44 26,68 25,97
Male SD

Minimum | 208,12 | 50,12 46,77 29,25 29,52 28,91 56,58 50,06 28,51 30,79 27,88 25,71 29,21 22,44 26,68 25,97
Maximum | 208,12 | 50,12 46,77 29,25 29,52 28,91 56,58 50,06 28,51 30,79 27,88 25,71 29,21 22,44 26,68 25,97

N 30 30 29 30 30 30 30 29 30 30 29 30 30 30 30 30
Mean 238,64b | 53,62> | 49,53» | 30,70 | 31,03 | 31,73 | 61,20> | 56,83 | 32,16> | 33,74 | 30,97 | 2649 | 31,48> | 24,06> | 29,11b | 27,94
Ox? SD 20,97 4,14 521 2,94 2,88 2,96 4,73 5,19 3,44 3,14 3,19 2,65 3,80 2,32 2,21 2,15

Minimum | 196,75 | 44,22 33,07 25,68 26,17 25,78 51,44 47,28 24,04 25,50 23,83 20,27 23,05 19,17 24,32 23,31
Maximum | 270,75 | 62,68 58,62 36,45 36,96 36,45 69,24 69,16 38,06 38,70 36,51 30,71 37,11 28,69 32,42 31,59

N 275 270 267 274 273 274 271 272 264 267 262 270 266 270 268 268
Mean 231,01 | 46,50 44,04 26,73 27,11 27,74 53,95 50,67 29,52 30,58 27,79 24,15 29,00 22,00 25,62 24,69
Total SD 15,58 5,15 4,63 3,37 3,46 3,06 5,85 543 2,85 2,95 2,82 2,33 2,97 2,19 2,87 2,70

Minimum | 194,72 | 26,12 33,07 20,59 20,91 21,72 43,55 38,42 22,67 23,44 22,00 18,37 22,32 16,58 20,07 18,91
Maximum | 270,75 | 62,68 58,62 36,45 36,96 36,45 69,24 69,16 38,06 38,70 36,51 30,71 37,11 28,69 32,63 31,59
ab: Means in the same column with different superscripts are significantly different (P<0.05)
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The index calculations and estimations of the
withers heights are presented in Table 2 and 3,
grouped by sex. The sex determination of the meta-

podial bones was undertaken using the Nobis index
(Bp/GL*100) value.

Table 3. Calculation of withers height and indices according to metacarpal measurements

Metacarpus Withers height Indices
Sex  Statistical M‘l‘;‘;l(;s‘ B"‘E?G“k 11:;’;16‘ 21*‘316‘(‘)“ SD/GL*100 | Bp/GL*100 | Bd/GL*100
N 133 133 133 133 132 132 130
Mean 118.522 124.022 117.93> | 117.532 14.842 27.382 28.062
Female SD 8.20 8.58 8.16 8.14 1.09 1.27 1.66
Minimum | 103.45 108.25 102.94 102.59 11.90 24.54 23.81
Maximum | 145.70 152.46 144.97 144.49 18.35 29.85 31.99
N 20 20 20 20 20 19 17
Mean 127.46P 135.12P 125.85> | 125.65b 18.14b 31.890 33.020
Male SsD 5.93 6.29 5.86 5.85 0.89 0.85 0.87
Minimum | 113.60 120.42 112.16 111.98 16.74 30.51 31.38
Maximum | 142.77 151.34 140.96 140.74 19.97 33.55 34.69
N 33 33 33 33 33 33 32
Mean 126.91P 133.68P 125.78> | 125.47° 16.70¢ 30.48¢ 30.63¢
Ox? SsD 6.51 6.86 6.45 6.44 0.73 0.47 0.95
Minimum | 114.85 120.98 113.83 113.55 14.77 29.76 29.02
Maximum | 144.55 152.27 143.26 14291 17.88 31.57 32.49
N 186 186 186 186 185 184 179
Mean 120.97 126.93 120.17 119.81 15.53 28.40 28.99
Total SD 8.61 9.29 8.43 8.43 1.53 2.02 2.21
Minimum | 103.45 108.25 102.94 102.59 11.90 24.54 23.81
Maximum | 145.70 152.46 144.97 144.49 19.97 33.55 34.69
abe Means in the same column with different superscripts are significantly different (I’<0.05)
Table 4. Calculation of withers height and indices according to metatarsal measurements
Metatarsus Withers height Indices
Sex  Statistical Mi‘;‘;l(;:s‘ BO‘;sgssr;e"k 23216‘ Z{’;lg(‘)“ SD/GL*100 | Bp/GL*100 | Bd/GL*100
N 244 244 244 244 243 239 240
Mean 122.682 129.582 123.142 | 122912 11.392 19.802 23.042
Female SD 7.75 8.18 7.78 7.76 1.00 1.34 1.60
Minimum | 103.79 109.63 104.18 103.98 9.28 11.57 19.46
Maximum | 141.80 149.78 142.33 142.07 15.54 22.39 27.80
N 1 1 1 1 1 1 1
Mean 116.96 124.87 115.51 116.13 14.05 24.08 27.19
Male SD - - - - - - -
Minimum | 116.96 124.87 115.51 116.13 14.05 24.08 27.19
Maximum | 116.96 124.87 115.51 116.13 14.05 24.08 27.19
Ox? N 30 30 30 30 30 30 30
Mean 130.54 138.77° 130.06> | 130.30° 12.88b 22.50b 25.71b
Mediterranean Archaeology and Archaeometry, Vol. 18, No 1, (2018), pp. 49-60
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SD 11.47 12.19 11.43 11.45 0.89 0.76 1.45
Minimum | 107.62 114.41 107.23 107.43 10.90 20.93 22.57
Maximum | 148.10 157.44 147.56 147.83 14.73 23.66 28.97
N 275 275 275 275 274 270 271
Mean 123.52 130.57 123.87 123.69 11.56 20.11 23.35
Total SD 8.56 9.14 8.51 8.54 1.10 1.56 1.80
Minimum | 103.79 109.63 104.18 103.98 9.28 11.57 19.46
Maximum | 148.10 157.44 147.56 147.83 15.54 24.08 28.97

ab: Means in the same column with different superscripts are significantly different (P<0.05)

When the sex of the metapodial bones was deter-
mined according to the Nobis index scale, the calcu-
lations from the metacarpal bones found that 71.74%
were female, 10.33% were male, and 17.93% were
steer, and the calculations from the metatarsal bones
found that 88.52% were female, 0.37% were male and
11.11% steer (Table 1 and 2).

When wither heights was calculated there were
differences in the resulting estimations depending
on the multipliers (Boessneck, 1956, Zalkin, 1960;
Fock, 1966; Matolcsi, 1970) and whether metacarpal
or metatarsal measurements were used. The averag-
es of the metacarpal estimations ranged between
117.53cm and 118.52cm for females, between 125.65
and 127.46 for males, and between 125.47cm and
126.91cm for steers, depending on the multiplier
(Fock, 1966; Matolcsi, 1970; Zalkin, 1960), excluding
the formula used by Boessneck (1956). The results of
the calculations from the metatarsal (Fock, 1966; Ma-
tolcsi, 1970; Zalkin, 1960) were between 122.68 and
123.14 cm for females and between 130.06 and 130.54
for steer, again excluding the formula used by
Boessneck (1956). According to the Nobis index
scale, there was only one metatarsal which belonged
to a male, which had a withers height ranging from
115.51 to 116.96cm. The highest estimations of with-
ers height were obtained by using the Boessneck’s
(1956) multipliers, which are higher than those mul-
tipliers from other researchers (Fock, 1966, Matolcsi,
1970; Zalkin, 1960). This estimation of withers height
was also calculated in order to allow comparison
with cattle data from other archaeological sites.

The index values calculated in this research pro-
vide information on both the sex (index 2 and 3) and
the morphological characteristics of the cattle (index
1). In particular, index 1 (slenderness index) is an
indicator of robustness and shows whether an indi-
vidual has thin or more robust bones relative to its
withers height. In general, for the index 1 formula
(SD/GL*100) of the metapodial bones, values were
lower for all the females compared to males and
steers (Table 3 and 4). This shows that the bones of
female individuals were thinner and more delicate in
structure. The average value of this index for steer

was between the average of male and female meta-
tarsal and metacarpal bones. According to the wither
height values calculated from the metacarpals, the
height of the male and steer individuals are similar.
However, the metacarpal slenderness index (index 1)
is greater for male individuals than steer. There was
not a sufficient number of metatarsal slenderness
index (index 1) values for comparison, as there was
only one male bone available for measurement. This
male individual had a relatively small structure
when compared with other female individuals ac-
cording to the size of the metatarsal. While the epi-
physeal fusion of the animal was complete, the ani-
mal was possibly still relatively young. Index 3
(Bd/GL*100) allows the sex of individuals to be de-
termined. However, in this research it was found
that the difference between male/female/steer was
not enough to allow determination of individual sex.
As a result, Nobis index scale (Bp/GL*100) was used
in this research.

When the withers height was estimated according
to the Matolsci multipliers without regard for sex
differences in the metapodial, the average of the cal-
culations varied between 120.97cm and 123.52cm.
The presence of individuals with a minimum of
height ranging between 103.45cm and 148.10cm,
suggests the presence of small and large sized cattle.
However, the presence of steer animals in this range
should not be forgotten. In many archaeozoological
studies, the estimations were made according to
Boessneck (1956) multipliers, calculations of which
are also given in this study (Table 3 and 4).

4. DISCUSSION

The relationship between body size and individu-
al bones is important for evaluating biological pa-
rameters of animal populations (Reitz and Wing,
2008). In archaeozoological literature, these evalua-
tions generally use wither heights (Rehazek and
Nussbaumer, 2012). The shoulder height calculations
are made by using osteometric data due to the close
relationship between the lengths of long bones and
animal size (O’Connor, 2008). The use of the greatest
length measurements of metacarpals and metatar-
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sals, and multipliers for these measurements has
been the most common method of calculating with-
ers height (Boessneck, 1956, Fock, 1966, Matolcsi,
1970, Zalkin, 1960). Matolcsi (1970) was the most
widely used method among these multipliers (Re-
hazek and Nussbaumer, 2012). While the relation-
ship between the greatest lengths (GL) and withers
heights is clear, the effect of sex, breed, diet and age
should not be ignored (Bartosiewicz, 1985).

The epiphyseal fusion of metapodial bones occurs
at around 2-2.5 years of age (Habermehl, 1961; Re-
hazek and Nussbaumer, 2012; Schmid, 1972; Silver,
1963). At this time, metapodials have already
reached their greatest length, whilst other skeletal
elements are still fusing (Bartosiewicz, 1985; Guilbert
and Gregory, 1952). These bones are important for
providing information on the morphological charac-
teristics of animal populations (Davis, 1996, 2000,
Guintard and Lallemand, 2003), and as an indicator
of paleoenvironmental changes (Bourova, 2005). The
lengths of these bones are not affected by subsequent
training conditions (Watson et al., 2003). The estima-
tion of shoulder height by using the measurements
of these bones has an important role in estimating
sex ratios in archaeozoological studies (Boessneck,
1956, Higham, 1969; Howard, 1963; Kostov and
Tsandev, 2014; Matolcsi 1970; Nobis, 1954; Telldahl
et al.,, 2012; Zalkin, 1960).

In our research, fused metapodials of cattle which
were recovered from the port area of Theodosius
during the Yenikapi Metro and Marmaray Excava-
tion were used. These metapodial bones did not
show any signs of pathology. When the withers
heights was estimated according to the Matolcsi
multipliers without regard for sex differences, the
metapodial average varied between 120.97and 123.52
cm. The presence of individuals with minimum
withers heights ranging from 103.45 to 148.10cm
suggests the existence of selective cattle breeding
with the intention of producing larger size animals
besides producing steers. The wide interval scale of
the withers heights of cattle in the Byzantine period
suggests the influence of selective breeding for larger
animals during the Roman period was still present
(Groot, 2008; Lauwerier, 1988). The growing demand
for meat probably resulted in the importation of
large size of bulls (Groot, 2008; Zeuner, 1967; Boess-
neck et al., 1971; Lauwerier, 1988), and the selective
breeding of these cattle to meet the need for labour
and urban life, in addition to the breeding of local
breeds. Radical changes in the breeding of cattle
emerged with the expansion of the Roman Empire in
Central and South Eastern Europe (Bokonyi 1974),
which continued into the Byzantine period. The
practice of castration which has been going on since
the Roman period, was also undertaken in the Byz-

antine period. Steers were identified in the assem-
blages by the slenderness index (index 1). The pres-
ence of these animals is closely related with the fact
that the excavation area was a port. The pathological
findings (Onar et al., 2015) in the cattle remains of
Theodosius port showed that cattle were used for
manual labor. In particular, lesion pathologies on the
long bones indicate that they had been used for
heavy labour for a substantial period of time (Onar
et al., 2015). This pathological finding is supported
by the presence of castrated individuals among the
metapodial bones.

The selective breeding of larger size cattle in order
to obtain a greater meat yield began in the Roman
period (Bokonyi, 1974), which caused morphological
changes in the animals. The imported large individ-
uals were a result of Roman selective breeding
(Boessneck et al., 1971; Groot 2008; Lauwerier, 1988).
European cattle, continued to diminish in size dur-
ing the Neolithic, Bronze and Iron age before the
beginning of the Roman period (Boessneck et al.,
1971, 1978; Manning et al., 2015). In addition to the
effect of selective breeding, withers heights increased
due to the presence of steer animals (Groot, 2008;
Lauwerier, 1988). This selective breeding of animals
was a response to the increased demand for meat
(Witcher, 2016). Larger animals were an important
way of meeting this growing demand for meat in
addition to their use as larger steers for labour
(Groot, 2008). Castration is practiced in order to pro-
duce working animals and also in order to provide a
greater meat yield (Bokonyi, 1974), and it was essen-
tial that the draught animals were large to undertake
the traction work required (Lauwerier, 1988). In par-
ticular, metapodial bones belonging to steers are
generally longer and thiner structure in the archaeo-
zoological samples. As a result of the increase in cat-
tle size during Roman period (Bokonyi, 1974; Al-
barella et al., 2008; Peters, 1998; Witcher, 2016; Kron,
2014; Poulter, 2007) withers heights ranged from 120
to 140cm for Roman cattle, and 135 to 140cm for
Roman steer (Bokonyi, 1974). We see the influence of
the Roman tradition in the Byzantine Empire. They
grew larger cattle in order to increase their effective-
ness as labour animals, as shown by the presence of
a withers height estimation of 148.10cm, and a meta-
carpal bone which is 23.99cm in length. As a result of
these finding, steers used for labour were important
part of everyday life in Constantinople, including in
the Theodosius port area.

The presence of female individuals up to 145.70
cm in height from the port area of Theodosius might
suggest the possibility that different cattle breed
genotypes affected the distribution of withers
heights, in addition to the presence of large steer in-
dividuals. This was similar to the assessment of met-
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atarsal bones in the medieval and post medieval pe-
riods (Albarella, 1997), where it was observed that
some of the long metatarsal bones of individuals had
a smaller distal tip width (BD). However, we also see
the presence of relatively small sized individuals.
Individuals with the withers heights of 108.7 cm
have been recorded in Early Byzantine from settle-
ments outside of Constantinople (Poulter, 2007).
However, we have not yet achieved a proper under-
standing of the height distribution of Byzantine cat-
tle. A good understanding of the withers heights of
the cattle in this assemblage, including those not
used for labour, was possible by examining a suffi-
ciently large number of bones. The presence of small
size cattle (in particular, those females with a withers
height of around 103cm) revealed by this work sug-
gests the presence of individuals from smaller, local
cattle populations. The “Native Black” breed (with a
withers height of 100-110 cm) (Y1lmaz et al., 2012) is
still in this region and many other regions of Anato-
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The authors of this study offer their grateful thanks to Mrs. Zeynep Kiziltan, the Director of Istanbul Ar-
chaeological Museums for her contributions by expertise and knowledge at every stage of Yenikapi project
works. The assistance of vice directors Mr. Rahmi Asal, Ms. Tugce Akbaytogan, Archaeologist Mr. Sirri
Comlekgi, Archaeologist Mr. Mehmet Ali Polat, Archaeologist Mr. Emre Oncii is also greatly acknowledged.
This work was supported by Scientific Research Projects Coordination Unit of Istanbul University (Project
numbers: BEK-2017-24748)

REFERENCES

Albarella, U. (1997) Shape variation of cattle metapodials: Age, sex or breed? Some examples from medieval
and postmediaval sites. Anthropozoologica, Vol. 25-26, pp. 37-47.

Albarella, U., Johnstone, C., Vickers, K. (2008) The development of animal husbandry from the Late Iron Age
to the end of the Roman period: a case study from South-East Britain. Journal of Archaeological Sci-
ence, Vol. 35, pp. 1828-1848.

Bartosiewicz, L. (1985) Interrelationships in the Formation of Cattle Long Bones. Zoologischer Anzeiger Jena,
Vol. 3/4, pp. 253-262.

Bartosiewicz, L. (1995) Animals in the urban landscape in the wake of the Middle Ages: A case study from V ac,
Hungary. Oxford: British Archaeological Reports International Series 609.

Bartosiewicz, L., Van Neer, W., Lentacker, A. (1997) Draught Cattle: Their Osteological Identification and History.
Annales du Musée Royal de I’ Afrique Centrale, Sciences Zoologiques, Tervuren, 281.

Berteaux, D., Guintard, C. (1995) Osteometric study of the metapodils of Amsterdam Island feral cattle. Acta
Theriologica, Vol.40, pp. 97-110.

Boessneck, J. (1956) Ein Beitrag zur Errechnung der Widerristhohe nach Metapodienmafien bei Rindern.
Zeitschrift fiir Tierziichtung und Ziichtungsbiologie, Vol. 68, pp. 75-90.

Boessneck, J.von den Driesch, A. Meyer-Lemppenau, U. Wechsler-von Ohlen, E. (1971) Die
Tierknochenfunde aus den Oppidum von Manching, Wiesbaden (Die Ausgrabungen in Manching, 6).

Boessneck J, von den Driesch A. (1978) Die Tierknochenfunde aus der Neolithischen Siedlung auf dem Fikirtepe bei
Madiky am Marmarameer. Miinchen: Institut fir Palaeoanatomie, Domestikationsforschung und
Geschichte der Tiermedizin der Universitidt Miinchen.

Bourova, N. (2005) Horse remains from the Arzhan-1 and Arzhan-2 Scythian monuments. In: Impact of the
Environment on Human Migration in Eurasia. Scott, EM., Alekseev, A.Y., Zaitseva,G. (eds.), Chapter
24, Dordrecht: Kluwer Academic Publishers. pp. 323-332.

Bokonyi, S. (1974) History of Domestic Mammals in Central and Eastern Europe. Budapest: Akadémiai Kiado.

Mediterranean Archaeology and Archaeometry, Vol. 18, No 1, (2018), pp. 49-60



OSTEOMETRICAL ASSESSMENT OF WITHERS HEIGHT AND SEX DETERMINATION OF BYZANTINE CATTLE 59

Dalby, A. (2004) Bizansin Damak Tadi. Kokular, Saraplar, Yemekler (Flavours of Byzantium). Kitap Yayinevi,
(Translated into Turkish by: Ali Ozdamar).

Davis, S.J.M. (1981) The effects of temperature change and domestication on the body size of Late Pleistocene
to Holocene mammals of Israel. Paleobiology, Vol. 7, pp. 101-14.

Davis, S.J.M. (1987) The Archaeology of Animals. London: Routledge.

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

Davis, S.J.M. (2000) The effect of castration and age on the development of the Shetland sheep skeleton and a
metric comparison between bones of males, females and castrates. Journal of Archaeological Science,
Vol. 27, pp. 373-390

De Cupere, B. (2001) Animals at Ancient Sagalassos: Evidence of the Faunal remains. Studies in Eastern Medi-
terranean Archaeology IV. Turnhout: Brepolis Publishers.

De Cupere, B., Lentacker, A., Van Neer, W., Waelkens, M., Verslype, L. (2000) Osteological evidence for the
Draught exploitation of Cattle: First applications of a new methodology. International Journal of Os-
teoarchaeology, Vol. 10, pp. 254-267.

De Cupere, B., Waelkens, M. (2002) Draught cattle and its osteological indications: The example of Saga-
lossos. In: H. Buitenhuis, A.M. Choyke, M. Mashkour, A.H. Al Siyab (eds.), Archaeology of the Near
East V. ARC Publication 62. Groningen: 305-315.

Fock, J. (1966) Metrische Untersuchungen an Metapodien einiger europdischer Rinderassen. Diss LMU, Miinchnen.

Forest, V. (1998) De la hauteur au garrot des especes domestiques en archéozoologie. Revue de Médecine Véte-
rinaire, Vol. 149, pp. 55-60.

Groot, M. (2005) Palaeopathological evidence for draught cattle on a Roman site in the Netherlands. In: ].
Davies, M. Fabis, I. Mainland, M. Richards, R. Thomas (eds.), Diet and health in past animal popula-
tions. Oxbow Books, Oxford: 52-57.

Groot, M. (2008) Animals in ritual and economy in a Roman frontier community: Excavations in Tiel-
Passewaaij. Amsterdam Archaeological Studies 12, Amsterdam University Press, Amsterdam
Guintard C. (1998) Osteometrie des metapodes de bovins. Revue de Médecine Véterinaire, Vol. 149, pp. 751-770.
Guintard, C., Lallemand, M. (2003) Osteometric study of metapodial bones in sheep (Ovis aries, L. 1758).

Annals of Anatomy, Vol. 185, pp. 573-583.

Guilbert, H.R. and Gregory, P.W. (1952) Some features of growth and development in Hereford cattle.
Journal of Animal Science, Vol. 11, pp. 3-16.

Habermehl, K.H. (1961) Altersbestimmung bei Haustieren, Pelztieren und beim jagdbaren Wild. Berlin, Hamburg,.

Higham, C.E.W. (1969) The metrical attributes of two samples of bovine limb bones. Journal of Zoology, Vol.
157, pp. 63-74.

Howard, M.M. (1963) The metrical determination of the metapodials and skulls of the cattle. In “Man and
cattle” (Mourant and Levner eds.), Royal Anthropological Institute, Occasional Paper, Vol. 18, pp. 91-
100.

Johnstone, C.J. (2004) A Biometric Study of Equids in the Roman World. (Thesis submitted for PhD), University
of York, Department of Archaeology, UK.

Koepke, N., Baten, J. (2007) Analysing ancient economies and social relations. In: A. Posluschny, K. Lambers,
I. Herzog (eds.), Layers of Perception. Proceedings of the 35th International Conference on Computer Ap-
plications and Quantitative Methods in Archaeology (CAA), Berlin, 2.-6. April 2007. Koll. Vor- u. Friih-
gesch. 10, 345-352.

Kostov, D., Tsandev, N. (2014) Sex determination of prehistorical bovine found in “Azmashka” settlement
hill by metapodial bones, International VETistanbul Group Congress, 28-30 April, Istanbul, Turkey.
p-47.

Kron, G. (2014) Animal Husbandry. In: G.L. CAMPBELL (ed.). The Oxford Handbook of Animals in Classical
Thought and Life. Oxford University Press. 2014. pp.109-130.

Lauwerier, R.C.G.M. (1988) Animals in Roman Times in the Dutch Eastern River Area. Project Oostelijk Rivi-
erengebied, Amersfoort.

Luff, R. (1993) Animal bones from excavations in Colchester, 1971-85. Colchester Archaeological Report 12 (Col-
chester 1982).

Manning, K., Tmpson, A., Shennan, S., Crema, E. (2015) Size Reduction in Early European Domestic Cattle
Relates to Intensification of Neolithic Herding Strategies. PLoS ONE, 10(12), e0141873.
doi:10.1371/journal.pone.0141873

Mediterranean Archaeology and Archaeometry, Vol. 18, No 1, (2018), pp. 49-60



60 N.G. INCE et al.

Matolcsi, J. (1970) Historische Erforschung der Korpergrosse des Rindes auf Grund von ungarischem
Knochenmaterial. Zeitschrift fiir Tierziichtung und Ziichtungsbiologie, Vol. 87, pp. 89-137.

Nobis, G. (1954) Zur Kenntnis der ur- und fruhgeschichtlichen Rinder Nord- und Mitteldeutschlands.
Zeitschrift fiir Tierziichtung und Ziichtungsbiologie, Vol. 63, pp. 155-194.

O’Connor, T. (2008) The Archaeology of Animal Bones. Phoenix Mill: Sutton Publishing.

Onar, V., Pazvant, G. and Armutak, A. (2008a) Radiocarbon dating results of the animal remains uncovered
at Yenikap1 Excavations. In: Istanbul Archaeological Museums, Proceedings of the 1st Symposium on
Marmaray-Metro Salvage Excavations, 5th-6th May, Istanbul, 249-256.

Onar, V., Kahvecioglu, K.O., Kostov, D., Armutak, A., Pazvant, G., Chrészcz, A., Gezer Ince, N. (2015) Osteo-
logical evidences of Byzantine Draught Cattle from Theodosius Harbour at Yenikapi, Istanbul.
Mediterranean Archaeology and Archaeometry, Vol. 15, pp. 71-80.

Onar, V., Pazvant, G., Belli, O. (2008b) Osteometric examination of metapodial bones in sheep (Ovis aries L.)
and goat (Capra hircus L.) unearthed from the Upper Anzaf Castle in Eastern Anatolia. Revue de
Meédecine Véterinaria, Vol. 159(3), pp. 150-158.

Pazvant, G., Onar, V., Alpak, H., Gezer ince, N., Kahvecioglu, K.O., Armutak, A., Kiziltan, Z. (2015) Osteo-
metric Examination of Metapodial Bones in Sheep (Ovis aries L.) and Goat (Capra hircus L.) Un-
earthed from the Yenikap1 Metro and Marmaray Excavations in Istanbul. Kafkas Uni. Vet. Fak. Derg,
Vol. 21(2), pp. 147-153.

Peters, J. (1998) Romische Tierhaltung und Tierzucht: eine Synthese aus archdozoologischer Untersuchung
und schriftlich-bildlicher Uberlieferung. Passauer Universititsschriften zu Archiologie, Band 5.
Rahden / Westfalen: Verlag Marie Leidorf.

Poulter, A.G. (2007) Nicopolis Ad Istrum. A Late Roman and Early Byzantine City. The Finds and Biological Re-
mains. London: Oxbow Books.

Rehazek, A., Nussbaumer, M. (2012) Sex, Breed or Rearing Conditions? A Multivariate Approach to As-
sessing Shape Variations in Mediaeval Cattle Metapodials from Bern, Switzerland. Proceedings of
the General Session of the 11th International Council for Archaeozoology Conference (Paris, 23-28 August
2010). Lefevre, C. (eds.) BAR International Series 2354. pp.41-54.

Reitz, E.J., Wing, E.S. (2008) Zooarchaeology. Cambridge University Press. Cambridge. U.K.

Schmid, E. (1972) Atlas of Animal Bones. For Prehistorians, Archaeologists and Quaternary Geologists. Elsevier
Publishing Co. Amsterdam, London, New York.

Silver, 1. A. (1963) The Ageing of Domestic Animals. In Science in Archaeology: A Survey of Progress and Re-
search, edited by Don Brothwell and Eric Higgs, pp. 250-258. Basic Books, New York.

Telldahl, Y. (2005) Can paleopathology be used as evidence for draught animals? In: J. Davies, M. Fabis, 1.
Mainland, M. Richards, R. Thomas (eds.), Diet and health in past animal populations. Oxbow Books,
Oxford: 63-67.

Telldahl, Y., Svensson, E.M., Gotherstrom, A., Stord, J. (2012) Osteometric and molecular sexing of cattle
metapodia. Journal of Archaeological Science, Vol. 39, pp. 121-127.

von den Driesch, A. (1976) A Guide to the Measurement of the Animal Bones from Archaeological Sites.
Peabody Museum Bulletinl, Harvard University, Massachusetts.

von den Driesch, A., Boessneck, J. (1974) Kritische Anmerkungen zur Widerristhchenberechnung aus
Langenmafien vor- und frithgeschichtlicher Tierknochen. Siugetierkundliche Mitteilung, Vol. 22, pp.
325-348.

Watson, K.M.,, Stitson, D.J., Davies, H.M.S. (2003) Third metacarpal bone length and skeletal asymmetry in
the Thoroughbred racehorse. Equine Veterinary Journal, Vol. 35, pp. 712-714.

Witcher, R. (2016) Agricultural production in Roman Italy. In:Cooley, A.E. (eds.) A Companion to Roman Italy.
John Wiley & Sons, Ltd. U.K. pp.459-482.

Yilmaz, O., Akin, O., Yener, M., Ertugrul, M., Wilson, R.T. (2012) The domestic livestock resources of Turkey:
cattle local breeds and types and their conservation status. Animal Genetic Resources, Vol. 50, pp. 65-
73.

Zalkin, V.I. (1960) Die Verdnderlichkeit der Metapodien und ihre Bedeutung fiir die Erforschung des groben
Hornviehs der Frithgeschichte. Bjull. Mosk. Obsh. Isp. Prir, Biol. N.S. 65, 109-126.

Zeuner, F.E. (1967) Geschichte der Haustiere, Miinchen.

Mediterranean Archaeology and Archaeometry, Vol. 18, No 1, (2018), pp. 49-60



