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ABSTRACT

The present study aimed to analyze the live weight (LW) and some body
measurements to estimate the LW of lambs in five different meat-type
sheep breeds reared in the same flock under intensive conditions. A total
of 202 head of lambs, including both genders of Kivircik (K), Bandirma
(B), Karacabey Merino (KM), Hampshire Down x Merino crossbreed
(HM), and Ramlic (R), were conducted in this study. Birth weights ranged
between 3.94-5.07 kg in those breeds and were affected significantly by
breed and birth types (P<0.001). The effect of sex was clearly seen with
the weaning period; males lambs were 2.61 kg heavier than female lambs
(P<0.001). The importance of breed differences on chest circumference

significant effect on all body measurements at the pre- and post-weaning
period (P<0.01 and P<0.001); however, did not on body length (BL) at
the pre-weaning period (P>0.05). In contrast, the importance of birth type
on BL and CC decreased as the lambs grew older (P>0.05). The results of
regressing LW and body measurements show that LW was very highly
(P<0.001) correlated with body measurements (r=0.682-0.892). The
highest correlations were observed between LW and CC (r=0.802-0.892)
in B, KM, and R lambs. These results suggest that using body
measurements as a correction factor has a great benefit in those breeds,
such as withers height and CC are used to estimate LW in KM and R
lambs, effectively.

(CC) increased as the lambs grew older. On the other hand, sex had a
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1. Introduction

Sheep breeding plays a crucial role in enhancing the rural economy, and it is known by one of the most adaptive small ruminants
to adverse environmental conditions in Turkey. Despite its great impact on the rural economy, the extensive lamb production
system is still practiced in most of the country with traditional methods of management and natural grazing (Kaymakg1 & Sénmez
1996; Akgapinar 2000). There are more than 37 million sheep with various native breeds in different geographical regions of
Turkey (TurkStat 2019). Approximately 80-90% of Turkey’s sheep populations are fat-tailed breeds, such as Akkaraman in the
Central Anatolia, Morkaraman in the Eastern Anatolia, Awassi in the Southeastern Anatolia. There have also been thin-tailed
breeds like Chios and Kivircik crossbreeds in the Aegean, Pirlak in the Mediterranean, and Karayaka in the Black Sea region.
These native breeds are generally resistant to disease, tolerate extreme temperatures, have a strong flocking instinct, and can able
to adapt poor nursing and feeding conditions. Nowadays, sheep meat plays an important role in demanding red meat production.
On the other hand, the latest statistic shows that it is far from meeting the increasing demand of the growing human population
because only 9.1% of total red meat production is covered by sheep meat in Turkey (TurkStat 2019). This situation is in
contradiction with Turkey's well-known property as a country of small ruminants. Crossbreeding studies of native breeds with
Merino, fast-growing and early developing breeds, and Kivircik, known as having good quality carcass and flavor, have increased
with consideration of consumer preferences in the last few decades (Akgapinar et al. 2001; Yilmaz et al. 2002; Ekiz & Altinel
2006). Although it is necessary to define the factors associated with age, live weight (LW), and body measurements not only to
select better animals to achieve more genetic improvement and reproductive efficiency but also high carcass yield in
domesticated sheep breeding (Aksoy et al. 2019). Various studies showed that body measurements could be used to study the
interaction between heredity and environment (Wolf et al. 1981; Vatankhah & Talebi 2008), and in assessing growth rate, feed
utilization, and carcass characteristics in farm animals (Kirton et al. 1995; Sari et al. 2014; Da Silva 2019) and LW can be
predicted from body measurements (Ali et al. 2014; Sari et al. 2014; Sahin et al. 2018). Also, estimating the LW using body
measurements is more practical than weighting in rural areas because of requiring less labor. The aim of the current study was
to evaluate the effects of breed type, as well as birth type, sex, and age of dam, on early growth performance; and to get a simple
linear regression equation of LW, especially for small-scale farm owners, in Kivircik (K), Bandirma (B, German Black Head
Mutton x Kivircik crossbreed), Karacabey Merino (KM), Hampshire Down x Merino crosshreed (HM), and Ramlic (R) lambs
under intensive conditions.
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2. Material and Methods
2.1. Animals and measurements

The data in this study originated from the flocks of Sheep Breeding Research Institute, Balikesir, Turkey. A total of 202 head of
lambs, K (n=51; 36 Female (F), 15 Male (M)), B (n=49; 34 F, 15 M), KM (n=47; 33F, 14 M), HM (n=27; 16 F, 11 M), and R
(n=28; 14 F, 14 M), were used in this study. The reproduction system was based on a once-a-year mating; the general breeding
season was started in June, leading to lambing ewes between November and January. During pre-weaning time, lambs have
suckled their mothers, and from 15 days of age, they had access to commercial starter feed and alfalfa hay ad libitum, and they
weaned at an average age of 906 days. At the beginning of May 2018, a single flock was created from later-born lambs to
investigate the variation in genes affecting growth, meat quality, and yield in these meat-type sheep breeds. Lambs were housed
in cross-ventilated pens and had free access to water and mineral licking stones. An average 600 g/lamb of concentrate feed, 100
g/lamb of alfalfa hay, and 300 g/lamb of vetches-wheat mixtures hay per day were given up to post-weaning period (135 days
of age).

Body measurements considered in this study were lamb LW, body length (BL), withers height (WH), back height (BH), and
chest circumference (CC) measurements.

LW of lambs was recorded at birth, weaning (90 days of age), and 135 days of age for calculation of the average daily gain
(ADG) and standardized for pre- and post-weaning LW. Individual LW of lambs was determined prior to before morning feeding
to avoid error due to stomach fill. Body linear measurements were taken on animals in a standing position with a raised head by
the same technician in order to avoid intra-individual variations, according to Yilmaz et al. (2013). Circumference was measured
with a flexible calibrated tape, whereas calipers were used for length and width.

All animal care and handling procedures of the present study were reviewed and approved by the Ethical Committee of the
Sheep Breeding Research Institute (Approval number:13360037). All efforts were made to minimize any discomfort during body
measurements.

2.2. Statistical analysis

The effect of independent factors (breed type, sex of lamb, birth type, and age of dam) on considered traits were analyzed
using the GLM procedure of Minitab (2014) statistical package programs, and least-squares means were compared using the
Tukey's multiple comparison tests. The model used for the least-squares (LS) analysis was as follows:

Yijklm =W +B; +Sj+ Tx+A; +Eijrim (1)

Where: Yijum = the observation of the m™ animal within the 1" age group of the k' type of birth and j™ sex category of the it"
breed; p: overall mean; B;: effect of the i breed (i: K, B, KM, HM, R); S; : effect of the j" sex (j: male, female); Tj: effect of
the k™ type of birth (k: single, twin); A;: effect of the dam I"" age (I: 2, 3, 4,5, 6, 7+); Ejjium - residual error.

Stepwise multiple regressions were fitted to get a prediction equation of LW from body measurements considering raw
correlations between all studied body measurements. The REG procedure of Minitab (2014) was used to determine the relative
importance of body measurements.

3. Results and Discussion

In the present study, LW and some body measurements of K, B, KM, HM, and R lambs were determined, which are essential
to evaluate some production characteristics of lambs from meat-type breeds. Results of LS means and standard errors (SE) of
LW and average daily gain (ADG) at different periods are given in Table 1. Single lambs were 0.68 kg heavier (P<0.001) at birth
than those born as twins. With the exception of birth weight, all LW was significantly greater in males than females (P<0.001).
Birth weights ranged between 3.94-5.07 kg in K, B, KM, HM, and R (P<0.001). Also, the average birth weight of KM and HM
lambs were significantly different from K, B, and R lambs. Age of dam or sex did not, however, breed and birth type affect birth
weight. Such differences have been well documented by Bingél & Bingdl (2015) and Oztiirk et al. (2012).

At weaning age (90 days) and up to the post-weaning (135 days) period, a significant difference in LW was observed between
those breeds (Table 1). HM and KM lambs were 20.59% and 24.26% heavier than B lambs at birth (5.07 and 4.92 versus 4.08
kg, P<0.001) but at weaning period bodyweight of B lambs became the highest one (34.44 kg, P<0.001). This difference between
those three breed types tended to decrease with age, and the advantage of B lambs in LW did not persist in the post-weaning
period. Conversely, there were no significant differences observed between K and R lambs in all periods. The results obtained
from the present study on birth weight, especially for K, KM, HM breeds were higher than several estimates in the literature, for
example, Koyuncu et al. (1999), Cemal et al. (2005), Koyuncu & Uzun (2009).
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Table 1- LS means (+SE) of LW (kg) and ADG (g/day) different periods

LW ADG
Factors No. of Birth Weaning 135 days Pre-weaning Post-weaning Overall

lambs (0 days) (90 days) (0-90 days) (90-135 days) (0-135 days)

Breed type ek falakl ok kel kel ek
K 51 3.94£0.11°  28.92+0.53°  35.73+0.68°  277.63+5.36% 133.21+£7.970 235.52+4.76P
B 49 4.08+0.11°  34.44+0.532  40.84+0.682 337.39+5.382 144.64+7.99P 272.32+4.782
KM 47 4.92+0.102  31.60+0.48°  40.77+0.622  296.39+4.92b¢ 200.94+7.302 265.53+4.372
HM 27 5.07+0.142  32.77£0.67%  41.98+0.862 307.71+6.820 203.00+10.108 273.37+6.052
R 28 4.17+0.14>  27.90+0.67°  35.03+0.86° 263.62+6.814 165.40£10.10° 228.54+6.05P

Sex of lamb NS falakl ok kel kel ok
Male 69 4.49+0.09  32.43+0.43%  41.77+0.552 310.39+4.382 204.55+6.512 276.17+£3.892
Female 133  4.38+0.07 29.83+0.36° 3597+0.46°  282.71+3.66° 134.30+5.44° 233.95+3.25P

Birth type ke ok ok ok NS ok
Single 97 4.78+0.08%  32.43+0.382  40.08+0.492 307.28+3.842 169.724+5.70 261.50+3.412
Twin 105 4.10+£0.08° 29.82+0.41>  37.66+0.53° 285.82+4.15P 169.13+6.17 248.62+3.69P

Age of dam NS NS NS NS NS NS
2 7 3.87+0.27 29.64+1.34 37.90+1.71 286.30+13.60 172.70+20.20 252.10+12.00
3 26 4.40+0.13 32.08+0.66 39.92+0.85 307.57+6.69 171.09+9.94 263.16+£5.94
4 30 4.59+0.13 30.86+0.62 38.84+0.80 291.88+6.34 174.2249 .41 253.70+£5.63
5 40 4.47+0.11 31.01+0.54 39.01+0.69 294.90+5.47 174.74+8.13 255.83+4.86
6 48 4.65+0.10 31.76+0.49 38.97+0.62 301.17+4.93 162.65+7.32 254.18+4.38
T+ 51 4.64+0.09 31.41+0.46 38.58+0.59 297.49+4.67 161.14+6.94 251.42+4.15

LW: Live weight; ADG: Average daily gain; K: Kivircik; B: Bandirma; KM: Karacabey Merino; HM; Hampshire Down
X Merino crossbreed; R: Ramlic. Different letters (a, b, c) in the same column are statistically different (P<0.05). NS: Not
Significant; **: P<0.01; ***: P<0.001

ADG is one of the most important indicators of the profitability of lamb production in both pre- and post-weaning periods.
ADG of lambs was significantly affected by sex and breed type (P<0.001). With the exception of the post-weaning period, birth
type affected ADG while the age of the dam did not. From birth to 90 days of age, B lambs had higher ADG than the other breeds
(337.39 g, P<0.001). On the other hand, HM and KM lambs had higher ADG from 90 to 135 days of age than the other breeds
(Table 1). Also, single-born lambs had higher ADG at the pre-weaning period (21.46 g/day; P<0.001) and higher overall ADG
(12.88 g/day; P<0.01) compared with twins. However, the effect of birth type was not significant at post-weaning (P>0.05). The
present findings are in agreement with the results reported by other authors (Cemal et al. 2005; Koyuncu & Uzun 2009;
Norouzian 2015).

To estimate genetic inheritance, the morphological differences among breeds could be used as an indicator for each sheep
breed (Markovi¢ et al. 2019). Also, estimating the environmental effects on these traits is important for manipulating
management practices to get more income. In the current study, the results of body measurements at weaning (90 days of age)
and 135 days of age are presented in Table 2. CC has been suggested to be the most satisfactory single variable in estimating
LW by Ibiwoye et al. (1993). In the current study, B and KM lambs had higher CC at the weaning period (P<0.01). Moreover,
the differences between CC of lambs became more significant, and HM lambs had higher CC at the post-weaning period
(P<0.001). The results of CC obtained from the conducted study are higher than reports of Isik & Aksoy (2015) for CC traits in
Bafra sheep breed at 6 months age.

Another trait that could be used to estimate body weight is WH. Topal and Macit (2004) reported that the combination of
WH and CC could be used to estimate body weight in Morkaraman sheep. WH was varied between 56.06-58.16 cm at weaning
and 61.56-64.12 cm at 135 days of age within those breeds. WH of male lambs were 1.95 and 2.65 cm higher than female lambs
at weaning and 135 days of age-old, respectively (P<0.001). Similar results were obtained by Silva Souza et al. (2019) for Piata,
Xaraes, and Paiaguas sheep breeds at 270 days of age in Brazil. Also, considering the weaning and post-weaning periods obtained
results for BL and BH were consistent with the literature (Akgapinar et al. 2001; Ambarcioglu et al. 2017; Sahin et al. 2018).

The results from this study indicate that the importance of breed differences on CC increased as the lambs grew older. On
the other hand, sex had a significant effect on all body measurements at the pre- and post-weaning period (significance varied
between P<0.01 and P<0.001); however, did not on BL pre-weaning period (P>0.05). In contrast, the importance of birth type
on WH and CC decreased as the lambs grew older. This may be explained by differences in the characteristics of those breeds
(Yilmaz et al. 2013).
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Table 2- LS means (£SE) of body measurements (cm) at weaning (90 days of age) and post-weaning time (135 days of age)

Weaning (90 days) Post-weaning (135 days)
Factors N BL WH BH cc N BL WH BH cc
*kk *kk *kk *%x *kk *kxk *k*k *k*k

Breed type

6032+ 5761+  58.13% 7420+ 6329+ 6340+  6350-  78.02+
K 3 0.52 0.38%¢  040%  0.67% 51 0.515 0.36a 036® 067
62.18+  58.16&  58.00&  76.08+ 66.65¢ 6332+  63.19+ 8155+
B 49 0.522 039%  040% 0672 49 0.512 0.362 0.369 0.672
60.41- 5888+ 5943+  75.01% 65190 6412+ 6468+ 8123+
KM 47 0.472 0.352 0.362 0.612 at 0.472 0.33? 0.33? 0.612
59714 5666+ 5711+ 7427+ 66.01- 6327+ 6320+ 8216+
HM 27 0.66° 0495 050  0.85® 27 0.65% 046 046  0.85°
5677+ 56.06& 5601+ 7175+ 6179+ 6156+  60.64+ 7745+
R 28 0.66° 0.49° 050°  0.85 28 0.65 0.46 0.46° 0.85b
6020+  58.45¢ 5875+ 7524+ 6598+ 6446+ 6439+  81.50+
Male 69 0.42 0.312 0322  055° 69 0.422 0.302 0.302 0.552
5947+ 5650+ 5672+ 73.20+ 63194 6181+  61.69+  78.67+
Female 133 0.35 0.265 027  0.46b 133 3 0.25b 0.25b 0.46
60304 5825+ 5865+ 7521+ 64904  6371%  63.64+  80.82+
Single 97 0.37 0.282 0.28°  0.48° 97 0.37 0.262 0.262 0.482
59461 5670+ 5682+ 7332+ 6427+ 6256+ 6244+ 7935+
Twin 105 0.40 0.300 0315 052 105 0.40 0.28 0.28 0.525

K: Kivircik; B: Bandirma; KM: Karacabey Merino; HM:Hampshire Down x Merino crossbreed; R: Ramlic. BL: Body length; WH: Withers height; BH: Back
height; CC: Chest circumference; Different letters (a, b, ¢, d) in the same column are statistically different (P<0.05). N: Number of lambs; NS: Not
Significant;*: P<0.05; **: P<0.01; ***: P<0.001

Except for some fluctuations, B and KM lambs were highest for all physical measurements during the pre-weaning period.
This might be attributed to the superiority of mothering ability and the higher birth weight of these breeds. These results are
consistent with a previous study conducted for Hamari and Kabashi breeds (Ali et al. 2014).

The results of regressing LW and body measurements are presented in Table 3. In general terms, LW was very highly
(P<0.001) correlated with body measurements (r=0.682-0.892). In B, KM, and R lambs, the highest correlations were observed
between LW and CC (0.802-0.892), whereas BL (0.864) and WH (0.784) was the most correlated trait with LW in HM and K
lambs, respectively. On the other hand, the least correlation between LW and other traits was observed in K, KM, and R lambs
for BL (0.764-0.837); HM lambs for WH (0.854), and B lambs for BH values (0.682). The obtained results of phenotypic
correlation coefficients between LW and body measurements were lower than the results obtained from four different Iranian
sheep (Mehrebani, Zandi, Shaal, and Macoei) breeds (Shirzeyli et al. 2013). The difference between those breeds is natural due
to having different morphology.
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Table 3- Phenotypic correlations between body measurements in different meat-type lambs

Trait LW BL WH BH
= = > = > = > =
Breed X m X I 2 X m X T o X m X T o X m X T [a'd
X X X X X
A T ¥ ¥
BL < (a2} © <t N~
© o) N © [P
~ «© ™~ @ @
o o o o o
X ¥ ¥ ¥ ¥ ¥ X ¥ X ¥
¥ X X ¥ X X X X X X
< ™ o) < I > © ™ o o
WH Ie) %) I O Lo = » « ~ 1)
~ ™~ @ @ @ «© «© ™~ ™~ xQ
O O O O O O%x O%x Ox O«x O %
X ¥ ¥ ¥ ¥ ¥ X ¥ X ¥ ¥ X ¥ X ¥
X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X
BH < N <t N [t} e} [t} ™ <t ~ — © ) ™ ite)
~ 0 o © L0 = < i ~ o — o I5e] Lo —
™~ «© Q @ @ © «© ™~ ™~ ™~ S = S = S
=) <) o o o ) <) =) o =) ) o ) o )
X X X X X ¥ X ¥ X ¥ ¥ X X X X X X X X X
X X X X X X X X X X X X X X X X X ¥ X ¥
X X X X X X X ¥ X X X X ¥ X ¥ X X ¥ X ¥
CcC < N ~ © N © o o o ~ © < N e} o ™ o o — —
© o N s} o — I59) re) S ~ o) L0 ) ~ = © ~ re) 0 IN
™~ @ Q ] @ © 0 ™~ ] @ 0 © ™~ © ™~ 0 0 ™~ © )
o o o o o <) o =) o o o o ) o ) o o o o o

K: Kivircik; B: Bandirma; KM: Karacabey Merino; HM: Hampshire Down x Merino crossbreed; R: Ramlic.; LW: Live weight; BL: Body length; WH: Withers
height; BH: Back height; CC: Chest circumference; ***: P<0.001

As understood from Table 3, it was seen that body measurements such as CC and WH had a high relationship with LW of
lambs in those sheep breeds. Also, there was a moderate to a strong relationship between the other studied body measurements
(0.589-0.953). Inconsistent with this study, Afolayan et al. (2006) noted that various body measurements related to animal size
and weight display moderate to a high correlation between one another. The obtained correlation between LW and BL (0.693-
0864), LW, and WH (0.733-0.854), LW, and CC (0.764-0.892) were higher than obtained results from Mahmut et al. (2014)
except BL (0.693) for B lambs and CC (0.764) for K lambs.

Multiple regression analysis was also performed to get simple linear regression and partial regression equations for those
breeds. According to obtained results, as shown in Tablo 4, there was no significant effect of sex on regression analysis for R
lambs. The lowest and the highest determination coefficient (R? value was found in B and H lambs as 0.75 and 0.92, respectively.
Eck et al. (2019) noted that although the high correlation between WH and BH, using WH as a correction factor has a great
benefit instead of BH because the lambs stood better on their forelegs than on their hind legs. The results obtained from our study
are in accordance with this study, but they differ due to the significant effect of BH on the regression equation. The differences
between morphological characters of breeds, weaning time, location, season, or breeding systems may be the reason among these
two studies.

Table 4- Simple linear regression equations for estimating LW in different meat-type lambs

Breed Sex  Equation R? MSE
K ¢ LW=-53.82+0383(BL) + 0.286(WH) + 0.293(BH) + 0.378(CC) 084 212
- LW=-63.93 + 0.482(BL) + 0.283 (WH)+ 0.329(BH) + 0.385(CC) 081 229
B '\FA LW= -48.68 + 0.326(BL) + 0.317(WH) + 0.593(CC) 075  2.46
- LW=-51.95 + 0.326(BL) + 0.360(WH) + 0,592(CC) 074 248
KM '\FA LW= -53.51 + 0.795(WH) + 0.527(CC) 079 293
- LW=-55.55 + 0.782(WH) + 0.556(CC) 079 294
HM '\FA LW= -47.53 + 0.296(BL) + 0.385(WH) + 0.140(BH) + 0.460(CC) 092 191
- LW=-55.01 + 0.315(BL) + 0.663(BH) + 0.416(CC) 089 216

M
R F LW=-50.10 + 0.594(WH) + 0.630(CC) 086  2.28

K: Kivircik; B: Bandirma; KM: Karacabey Merino; HM: Hampshire Down x Merino crossbreed; R: Ramlic.; M: Male; F: Female; LW: Live weight; BL: Body
length; WH: Withers height; BH: Back height; CC: Chest circumference; R?, Determination coefficient; MSE: Mean square error
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4. Conclusions

LW and body measurements are important indicators to predict the growth of both indigenous and crossbred sheep breeds. They
can be used to select animals with better production characteristics that result in increased production, productivity, and
profitability of the farm. The results from the present study indicated that the relationships between LW and body measurements
are affected by such factors of breed and birth type with sex differences in those meat-type sheep breeds. Obtained results from
this study also show that B, KM, and HM lambs were notably heavier and grew faster than K and R lambs, and had better growth
characteristics in the same rearing system. Also, some useful information was collected that could be used in selection programs
and obtained some regression equations to estimate LW from body measurements. Moreover, the high correlations between LW
and such body measurements, e.g., WH and CC, would imply these two traits could be used to determine LW effectively in KM
and R lambs rather than BL and BH.
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