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ABSTRACT
This investigation was conducted to estimate the breeding values and genetic trends for body weight (BW), scanning fat
depth (SFD) and scanning muscle depth (SMD) of Karayaka lambs (n= 1059) at 140 ± 3.36 day of age. Experiments were
conducted in a nucleus flock of Karayaka sheep under a selective breeding program to increase productivity at research
farm of Gaziosmanpasa University between the years 2006 - 2011. Breeding values were estimated with ASREML software.
While genetic trend for BW and SMD showed a smooth ascending trend, SFD exhibited a descending trend throughout the
experimental period. The genetic trend for BW, SFD and SMD of Karayaka lambs were observed as 0.433 kg / year, -
0.00686 mm / year and 0.00786 mm / year, respectively. The results showed that applying of a selection program on BW,
SMD and SFD characteristics would increase BW and SMD values and decrease SFD value in Karayaka lambs.
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INTRODUCTION
Karayaka sheep are native breed of Turkey and they

are commonly raised in Black Sea Region, totaling about
1.3 million (TurkStat 2015). Karayaka sheep are a lean tailed
and medium-sized (40 - 45 kg) breed and the body color is
white, but there are brown and black spots over the body,
especially head and neck (Sen et al. 2011). Karayaka sheep
are generally defined as a “carpet-wool” breed, but male
lambs of this breed are raised dominantly for meat production
(Ulutas et al. 2008; Ulutas et al. 2010; Sen et al. 2011).
After fattening period, they generally have a high meat quality
because of mosaic distribution pattern of the fat among the
muscle fibers (Ulutas et al. 2010). Therefore, usually
Karayaka male lambs are grown and fattened for meat
production. Karayaka breed is highly tolerant to extreme
rainy environmental conditions, but profitability in Karayaka
sheep farming is limited because of insufficient biological
and socio-economic knowledge (Aksoy et al. 2016).

Body weight is the major component of meat
production and is affected by genetic and environmental
factors (Aksoy et al. 2016; Khan et al. 2017). The goal of
lamb breeders is to develope this significant trait (Ulutas et
al. 2010; Malik et al. 2017). During the last forty years, a
definite trend has been observed in consumer desires for
leaner meat and without thick layers of fat between and
around the muscles (Swatland et al. 1994; Ulutas et al. 2008).

Therefore, it is significant to take lamb weights into
consideration to build a breeding program. The determination
of carcass characteristics before slaughtering is very
important for meat type sheep breed (Ulutas et al. 2008;
Sen et al. 2011). Therefore, determination of the muscle and
fat depth on live animals with ultrasound technique is a useful
application. Many researchers employed this technique on
sheep to produced leaner meat (Ulutas et al. 2008; Simm et
al. 2002; Kvame and Vangen 2007). Also, estimates of the
heritability and genetic correlations of live weight (Khan et
al. 2015) and ultrasound muscle dimensions (Clarke et al.
1998, Ulutas et al. 2008; Aksoy et al. 2016), especially in
longisismus-dorsi muscle, are more valuable indicators to
the genetic improvement of carcass yield and composition
through selection based on live animal.

Body weight, weaning weight, slaughter weight and
carcass composition traits (fat and muscle depths) are very
important traits in the sheep industry (Aksoy et al. 2016;
Malik et al. 2017). The selective breeding organization for
Karayaka native sheep breed was started in 2006 and the
general aim of this breeding program was to increase the
productive characteristics of Karayaka native sheep breed.
The present study was, therefore, conducted to estimate
genetic trends in scanning traits of Karayaka lambs under
this selective breeding program through fitting animal model.



1120 INDIAN JOURNAL OF ANIMAL RESEARCH

MATERIALS AND METHODS
The data were gathered from the Sheep Research

Farm at Gaziosmanpasa University, Tokat, Turkey (40° 31`
N, 36° 53`E and 650 m altitude). The relevant records
covered the period from 2006 to 2011. A database containing
pedigree information, body weight (BW), scanning fat depth
(SFD) and scanning muscle depth (SMD) measurements of
Karayaka lambs were used to gather the data from national
research projects (TÜBİTAK / Project number: 104O329
and TAGEM / Project number: 60KYK2005-01). There were
1059 Karayaka lambs obtained from 554 ewes and sired by
53 rams. BW, SFD and SMD of lambs were measured at
140 ± 3.36 days of age. All ewes remained on open hill
grazing until they were housed immediately before the start
of lambing. Following the lambing, all lambs were kept with
their dams in the sheepfold for two weeks. During this period
all ewes were fed concentrate at 250 g / ewe / day and good
quality alfalfa hay of 1 kg / ewe / day to meet approximately
their daily requirement. Starting from day 15 of lambing,
ewes were allowed to pasture in extensive areas of hills
during the day time and to suckle their lambs over the nights
in a barn. Additionally, ewes received supplementary feeding
(approximately, concentrate at 150 g / ewe / day) in order to
maintain body condition. After two weeks of age, all lambs
were permitted to pasture with their mothers and received
the creep-feed concentrate when they returned to sheepfold
until 140 days of age. The basic statistics and covariates for
each trait are presented in Table 1.

BW was determined using a weighbridge with a
sensitivity of 1 gram. SFD and SMD were measured at 3rd

lumbar vertebrae with an ultrasonic linear prop (Falco Vet.
Lineer prop 8.0 MHz; Pie Medical Equipment Co.,
Maastricht, Netherlands). BW, SFD and SMD were measured
simultaneously. General linear model of Minitab Version 12
was used for the preliminary data analyses. Gender of lamb,
birth year, birth type and dam age were considered as fixed
effects and lamb age was considered as linear covariate.

Breeding values of BW, SFD and SMD were
estimated with restricted maximum likelihood estimation for
animal models and pedigree information through ASREML
(Gilmour et al. 1998). The following model including random
effects of animal, sire and dam was used for this purpose.

eZcZmZaXbY cma     am),( AmaCov 

Where;
Y: Observation vector
b: Vector including birth year, gender, birth type (single and
     multiple) and age of ewe as fixed effects
a, m, c, e: Vectors respectively of direct additive genetic
effects, maternal genetic effects, permanent environmental
effect of ewe and the residual.
X, Za, Zm, Zc: Incidence matrices relating observations
respectively to b, a, m and c.
A: Numerator relationship matrix
óam: Covariance between direct and maternal genetic effects
The covariance structure of the random effects is defined as
follows:
V(a): Aó2

A; V(m): Aó2
M ; V(c): Idó

2
C; V(e): Inó

2
E; Cov (a, m):

AóAM

where:
A: Numerator relationship matrix
ó2

A: Direct additive genetic variance
ó2

M: Maternal additive genetic variance
óAM: Direct - maternal additive genetic covariance
ó2

C: Maternal permanent environmental variance
ó2

E: Residual variance
The genetic trends were expressed as changes in

averages of breeding values across birth year of lambs.
The matrix construction of the equality was below;
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where;
Ic, Id, In: Identity matrices of an order equal respectively to
the number of ewes and records.

2
A : Direct additive genetic variance, 2

M : Maternal genetic
variance, 2

C : Variance of the permanent environmental
effect of the ewe, 2

E : Residual variance.
Genetic trends were estimated through averaging

the estimated breeding values for birth year of BW, SFD
and SMD for Karayaka lambs and regressing the average of
breeding values against the year. Microsoft Excel® was used
to graph genetic trends. Minitab Version 12.11 (1998) was
used to determine genetic trends.
RESULTS AND DISCUSSION

The mean estimated breeding values (EBVs) of BW
for Karayaka lambs according to birth years are presented
in Fig.1. There was an increase in the EBVs of BW according

Table 1: Basic statistics for each trait and covariate.
Mean s.e.

Traits
BW (kg) 30.32 0.17
SFD (mm) 1.84 0.02
SMD (mm) 17.55 0.09
Covariate
Age at scanning 140 3.36
BW = body weight, SFD = scanning fat depth, SMD = scanning
          muscle depth
s.e. = standard error
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Fig 1: The mean estimated breeding values (EBVs) for body weight for Karayaka lambs according to birth years.
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Fig 2: The mean estimated breeding values (EBVs) for scanning fat depth for Karayaka lambs according to birth years.
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Fig 3: The mean estimated breeding values (EBVs) for scanning muscle depth for Karayaka lambs according to birth years.
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Karayaka lambs had higher variations in first year (2006)
without selection. However, selecting of rams with low
ultrasonic fat thickness and high ultrasonic muscle decreased
variations in SFD, resulting in a decrease estimated breeding
value of SFD in second year (2007) of selection program.
The variation in breeding value of SFD was reduce in later
years of selection program due to selection was made taking
into consideration the same characteristics continuously.
Genetic trends were expressed through regression of breeding
values on birth years of lambs. Irregular fluctuations in
breeding values for SFD were observed. The genetic trend
for SFD was estimated as -0.00686±00002 mm/year (Table
2) and this value was negative and different from zero.
Breeding values for SFD were positive in all years. Present
results were smaller than the value found by Clarke et al.
(1998) for Landcorp lambs (0.003 mm/year). A similar
genetic trend was obtained by Simm et al. (2002) for Suffolk
sheep in UK and by Milerski (2010) for Suffolk, Texel,

to birth years from 2006 to 2011. The EBVs of BW for 2006,
2007, 2008, 2009, 2010 and 2011 birth years were -0.243
kg, -0.091 kg, 0.989 kg, 1.209 kg, 1.399 kg and 1.847 kg,
respectively. Estimations were made for genetic trends
through regression of breeding values on birth years of
Karayaka lambs. Irregular fluctuations were observed in
breeding values of BW Estimations were made for genetic
trends through regression of breeding values on birth years
of Karayaka lambs. The genetic trend for BW was estimated
as 0.433±0.0486 kg/year (Table 2) and this value was
different from zero. Breeding values for BW were negative
in a couple of years (2006 and 2007) and the values were
positive in other years (2008 to 2011). Clarke et al. (1998)
reported that the average genetic trends of Landcorp lambs
in EBVs were 1.00 kg/yr for 6 months of age. The genetic
trend detected in the current study was smaller than the value
reported by Clarke et al. (1998). However, a similar genetic
trend was also obtained by Simm et al. (2002) for Suffolk sheep.

The mean EBVs of SFD for Karayaka lambs
according to birth years are presented in Fig.2. A decline
was determined in EBVs of SFD between birth years. The
EBVs of SFD for 2006, 2007, 2008, 2009, 2010 and 2011
birth years were 0.042 mm, 0.011 mm, 0.003 mm, 0.001
mm, 0.0007 mm and 0.0005 mm, respectively. The highest
decrease in EBVs of SFD was observed from 2006 to 2007
birth years, when the lowest value was between the years
from 2010 to 2011 birth years. SFD characteristic of

Table 2: The genetic trend for BW, SFD and SMD
Mean s.e.

Traits
BW (kg) 0.433 0.0486
SFD (mm) -0.00686 00002
SMD (mm) 0.00787 0.0178
BW = body weight, SFD = scanning fat depth, SMD = scanning
muscle depth
s.e. = standard error

Charollais, Romney and Oxford Down breeds in Czech
Republic. Similar trends were also identified by Kvame and
Vangen (2007) for Norwegian White sheep and Simm et al.
(2002) for Suffolk sheep and Johnson et al. (2014) for Texel
sheep.  The genetic trends for SFD were reported to be -
0.06, -0.06, -0.04, -0.03, -0.01, -0.05 and -0.04 mm/year
respectively for Danish Oxford Down, Danish Shrop Shire,
Danish Leicester, Danish Texel, Danish Marsh, Danish
Dorset and Danish Suffolk sheep breeds (Pedersen and
Lauridsen 2014).

The mean EBVs of SMD for Karayaka lambs
according to birth years are presented in Fig.3. There was
an increase in the EBVs of SMD according to birth years
from 2006 to 2011. The maximum increase was detected
between 2008 and 2009 birth years, while the minimum
increase between 2007 and 2008 birth years. The EBVs of
SMD for 2006, 2007, 2008, 2009, 2010 and 2011 birth years
were -0.0090 mm, -0.0063 mm, -0.0062 mm, 0.0173 mm,
0.0195 mm and 0.0259 mm, respectively. Genetic trends for
SMD were defined with the regression of breeding values
on birth years of Karayaka lambs. Irregular fluctuations were
observed in breeding values for SMD. The genetic trend for
SMD was estimated as 0.00787±0.0178 mm/year (Table 2)
and this value was different from zero. The breeding values
for SMD were negative in a couple of years (2006 to 2008)
and the values were positive in others (2008 to 2011). Genetic
trend for the slope identified in this study was smaller than
the value reported by Clarke et al. (1998) for Landcorp
lambs. A similar genetic trend was obtained by Kvame and
Vangen (2007) and Milerski (2010) for Suffolk, Texel,
Charollais, Romney and Oxford Down breeds. Similar results
were also reported by Kvame and Vangen (2007) for
Norwegian White sheep and by Simm et al. (2002) for
Suffolk sheep. The genetic trends for SMD were reported to
be 0.08, 0.04, 0.012, 0.03, 0.01, 0.02 and 0.03mm/year
respectively for Danish Oxford Down, Danish Shrop Shire,
Danish Leicester, Danish Texel, Danish Marsk, Danish
Dorset and Danish Suffolk sheep breeds (Pedersen and
Lauridsen 2014). The fluctuation in the mean EBV for SMD
between 2006 and 2008 could be selection procedure
practiced within the lambs and design of the experiment. A
number of factors differed between the present study and an
ideal selection program. For instance, the number of animals
was relatively small in the beginning year of selection. On
the other hand, only twin lambs were selected in a study by
Larsgard and Kolstad (2003), which reduced the number of
lambs available for selection even more. These comments are
in agreement with the argument of Kvame and Vangen (2007).
CONCLUSION

Higher number of animals should be included and
scanned through to get more reliable and accurate
parameters. Selection response for BW, SMD and SFD
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should be assessed for longer durations to make more
accurate statements about the response to selection. As a
conclusion, it can be stated that the breeding values for BW
could be used in sheep breeding programs and present
findings could reliably be used in genetic evaluation of
Karayaka lambs in Turkey. The ultrasound procedure is a
valuable device for genetic measuring carcass meat, fat and
muscle ratio of Karayaka lambs.
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