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  INTRODUCTION 
 

The Moghani sheep is known as one of the country's breeds 
for production of mutton and lamb with high growth per-
formance. The population of Moghani sheep in Iran is esti-
mated to be 3.5 million (Akbarinejad et al. 2014). This 
sheep is medium-sized (ewe 60-63 kg and ram 63-66 kg) 
and can be found mostly in the plain of Moghan, Ardabil 
province, Iran. The main characteristics of the breed are: 
intermediate and muscular neck, commensurate growth, 
medium shoulder, straight back muscles and pea white 
body color (Akbarinejad et al. 2014). The Moghani sheep 
breeding and raising station (MSBRS), as the oldest sheep 

breeding station of Iran, was established in 1952. The pur-
pose was to improve the performance of the breed. Besides 
genetic effects, non-genetic factors play a notable role in 
affecting biometric traits related to the economic income 
generated by the flock. In other words, genetic factors are 
affected by environmental factors such as season, manage-
ment, climatic conditions, health, nutrition, ram-to-ewe 
breeding ratio, ewe parity and ram libido and fertility. Be-
cause of an interaction between genetics and the environ-
ment, improving biometric traits is very complicated (Jafari 
et al. 2014). Biometric characters or linear body measure-
ments can be used as indirect criteria in many domestic 
animal species to help meat-yield improvement.  

 

The present study investigated basic statistics for biometric traits as well as non-genetic factors that may 
affect these traits in the Moghani breed of sheep. The data-set was computed by using biometric records of 
the Moghani sheep breeding and raising station over a period of 15 years (1996 to 2012). Year of birth, 
month of birth, birth type and lamb's sex and dam permanent environment were considered as the non-
genetic factors. The studied biometric traits were: height at withers (HW), height at rump (HR), body length 
(BL), heart girth (HG) and leg circumference (LC). Least square means (cm) ± standard error were 69.8 ± 
4.1, 69.7 ± 4.2, 50.2 ± 4.6, 85.9 ± 8.2 and 29.0 ± 5.4 for HW, HR, BL, HG and LC, respectively. All traits 
were affected significantly (P<0.05) by the fixed effect of year of birth. The lamb's sex had a significant 
effect (P<0.001) on the investigated traits except HG. The traits were affected significantly (P<0.001) by 
the birth type and month of birth. The maternal permanent environment as a non-genetic factor had no sig-
nificant effect on the traits under study. The results of the present study suggested that non-genetic factors 
can be considered as notable sources of variation in the biometric traits. Therefore, improving environ-
mental conditions can be suggested if an improvement in the biometric traits of Moghani sheep is desired.  
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It seems that an individuals can be described more effec-
tively by body and weight measurements than by conven-
tional methods (Jafari and Hashemi, 2014). Early and late 
maturing animals can be detected by using body measure-
ments as a reliable indicator of body size (Abbasi and Gha-
fouri-Kesbi, 2011). Lambs with bigger body size are able to 
reach earlier maturity. Because non-genetic factors may 
play a notable role in influencing phenotypic variation, the 
present study aimed to investigate them in Moghani sheep. 
  

  MATERIALS AND METHODS 
In total, 3010 body measurement records were used. The 
dataset was computed by using the records of MSBRS over 
a 15 year period (1996 to 2012) from the north-west of Iran. 
Effects to be investigated were: year of birth, month of 
birth, sex, birth type and maternal permanent environment. 
Biometric traits were: height at withers (HW), height at 
rump (HR), body length (BL), heart girth (HG) and leg cir-
cumference (LC). HW measures the distance from a plat-
form on which the animal stands to the withers. The meas-
urement is best made with a special measuring stick on two 
arms, one held vertically, and the other at right angles, so 
that it slides firmly up and down to record the height. HR is 
the distance from the surface of a platform to the rump us-
ing a measuring stick as described for HW. BL refers to the 
distance from the first cervical vertebra to the base of the 
tail where it joins the body. HG is a circumferential meas-
ure taken around the chest just behind the front legs and 
withers with a tape measure. LC refers to the circumference 
of the rear legs. The midpoint between the hock and pin 
bone on the right rear leg is used to measure LC using a 
tape measure. 

Alfalfa, fresh fodders, corn and concentrates are used to 
feed the sheep during the semi-intensive rearing period. The 
main source of feed for sheep in the spring-summer season 
is natural pasture, without any additives, whereas during the 
autumn-winter season, the sheep is fed hay, concentrate and 
silage. After lambing the lambs are kept individually with 
their mothers in a specific box for one week to improve the 
dam-lamb association as well as colostrum and milk suck-
ling. At age two weeks lambs gain access to a creep feeding 
station containing 18% protein. This period is critical in 
affecting body measurements (Petrovic et al. 2012). 

The data structure is summarized in Table 1. The data 
were analyzed using SAS software (SAS, 2005). The ma-
ternal permanent environment was studied using WOM-
BAT package (Meyer, 2007). 

 
The linear model used was: 
 
yijklmn= µ + YRi + MOj + SXk + BTl + PEn + interaction 
between effects + eijklmn 

Where:  
yijklmn: vector of observations in different traits.  
µ: overall mean of the population.  
YRi: fixed effects of year i.  
MOj: fixed effect of month j.  
SXk: fixed effects of lamb's sex k.  
BTl: fixed effects of birth type l.  
PEn: maternal permanent environment n. 
eijklmn: residual random effect of observation ijklmn.  
 

The significance of the fixed effects was studied using 
the general linear models (GLM) procedure in SAS. Least 
square means were compared using Duncan's test. The year 
and month of birth had 15 and 5 levels, respectively. The 
months were July, August, September, December and Feb-
ruary whereas the fixed effect of year had a period of 15 
years (1996-2011). Lambs' sex and birth type had 2 (male 
and female) and 3 levels (single, twin and triplet), respec-
tively. 
 

  RESULTS AND DISCUSSION 
Table 1 shows the dimensions of 69.8 ± 4.1cm, 69.7 ± 
4.2cm, 50.2 ± 4.6cm, 85.9 ± 8.2cm and 29.0 ± 5.4cm for 
HW, HR, BL, HG and LC, respectively. In compared with 
other Iranian breeds such as Makuie sheep the body dimen-
sions of the Moghani breed were higher (Abbasi and Gha-
fouri-Kesbi, 2011; Jafari and Hashemi, 2014). However 
both breeds are classified as medium body size 
(Akbarinejad et al. 2014).  

In contrast with Makuie breed (Jafari and Hashemi, 
2014) the HW and HR were approximately equal together 
in the Moghani sheep. It seems a higher measure of HR in 
compared with HW is an advantage for breeds are reared in 
a mountainous condition because the higher height of the 
animal in the rear part of the body promotes climbing abil-
ity (Cam et al. 2010; Jafari and Hashemi, 2014). While the 
Moghani sheep has been native to plain condition such as 
Moghan.  

Descriptive statistics of the biometric traits are summa-
rized in Table 1. Relatively low values of the coefficient of 
variation, except for LC, can be explained by the small dif-
ferences among the animals of the population, greater uni-
formity of the traits, minor changes of the traits by envi-
ronmental conditions, better response to selection and other 
unknown factors (Jafari and Hashemi, 2014). Low coeffi-
cients of variation of biometric traits have been reported by 
other researchers (Abbasi and Ghafouri-Kesbi, 2011; Jafari 
et al. 2014; Jafari and Hashemi, 2014). 

All traits were significantly (P<0.001) affected by the sex 
except HG (Table 2). Male lambs were significantly taller-
than females by 1.10, 2.0, 0.3 and 1.7 centimeters in HW, 
HR, BL and LC, respectively.  
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However, differences between males and females for HG 

were not significantly different. Significant influences of 
sex on growth may be due to physiological characteristics, 
the endocrine system, type and measure of hormone secre-
tion, especially sex hormones (Aghaali-Gamasaee et al. 
2010). Similar results have been reported for Makuie sheep 
(Jafari and Hashemi, 2014). 

All studied traits were significantly (P<0.001) affected by 
the fixed effect of birth type (Table 2). Table 3 shows that 
single born lambs were 1.0, 1.2, 0.7, 1.1 and 0.8 centime-
ters superior to twins in HW, HR, BL, HG and LC, respec-
tively. As well, singles were 2.6, 3.0, 1.0, 5.3 and 2.5 cen-
timeters superior to triplets in HW, HR, BL, HG and LC, 
respectively.  

These results were in agreement with a report for Muzaf-
farnagari sheep (Mandal et al. 2010). This could be the re-
sult of limited uterine space during pregnancy, limited ca-
pacity of ewes to provide more nutrients during pregnancy, 
more milk for singletons in the period of lambing to wean-
ing, and competition for milk between multiple-birth lambs 
(Jafari et al. 2014). 

All studied traits were significantly (P<0.001) affected by 
the fixed effect of month of birth (Table 2). Significant in-
fluences of month of birth on these traits can be attributed 
to environmental factors and climate. Table 3 shows that-
lambs born in the summer have relatively large body meas-
urements than those born in the winter. In the summer 
months ewes have access to high quality natural pastures 
and are more capable of meeting the nutrient requirements 
of the growing lambs.  

The quality and quantity of forage in winter is limited 
and more dependent on the amount of rainfall than in sum-
mer (Alphonsus et al. 2010). 

 
 
 
 
 
 
 
 
 

Table 1 Data structure for estimating biometric traits in Moghani sheep*

Traits Number of records Mean Minimum Maximum SD % CV 

HW 3010 69.8 56.0  81.0  4.1 5.4 

HR 3010 69.7 58.0  82.5  4.2 5.5 

BL 3010 50.2 32.0 80.0 4.6 8.8 

HG 3010 85.9 62.0 110.0 8.2 8.3 

LC 3010 29.0 10.0 54.0 5.4 16.3 
* All measurements are in cm. 
HW: height at withers; HR: height at rump; BL: body length; HG: heart girth and LC: leg circumference.  
SD: standard deviation and CV: coefficient of variation.  

 
 
 
 
 
 
 
 
 

 

Table 2 Analysis of variance for traits HW, HR, BL, HG and LC in Moghani sheep

Fixed effects Year Sex Birth type Month Sex × BT Year × BT Year × sex AC2 R-square 

HW *** *** *** *** NS NS *** 0.05ns 0.16 

HR *** *** *** *** NS NS *** 0.06ns 0.17 

BL * *** *** *** NS NS NS 0.00ns 0.10 

HG *** NS *** *** NS NS NS 0.02ns 0.26 

LC *** *** *** *** NS NS *** 0.00ns 0.23 
HW: height at withers; HR: height at rump; BL: body length; HG: heart girth; LC: leg circumference and BT: birth type.  
A: the significance of maternal permanent environment was studied using AIC values of WOMBAT package. 
C2: variance ratio due to maternal permanent environment and R-square: SSmodel /SStotal .  
* (P<0.05); ** (P<0.01) and *** (P<0.001).  
NS: non significant.  

The limited feeding during the winter can influence the 
development of the body growth and condition (Alphonsus 
et al. 2010). 

The effect of birth year on HW, HR, HG, LC (P<0.001) 
and BL (P<0.05) was significant. These results were in ac-
cordance with a report for Makuie sheep (Jafari and 
Hashemi, 2014).  

Significant influences of birth year on these traits can be 
explained by differences in management, food availability, 
disease, climatic condition (such as rate of rainfall, humid-
ity and temperature, which affected the quality and quantity 
of pasture forage) and the raising system in different years 
(Rahimi et al. 2014). At the time of pregnancy, older ewes, 
due to complete maturing, have a tendency to have an 
enough space in the uterus to support twins and triplets 
(Gowane et al. 2011). 

Significant effects of birth year, sex and birth type on 
growth traits have been reported in breeds such as Kermani 
(Rashidi et al. 2008), Merino (Dixit et al. 2001), Horro 
(Abegaz et al. 2005), Sabi (Matika et al. 2003) and Mis 
sheep populations (Petrovic et al. 2009). According to R-
square values, 10-26% of phenotypic variation in traits was 
explained by the fixed factors (Table 2). 

 
Interaction effects 
Least squares means of the interaction effects are presented 
in Table 2. The studied traits were not affected significantly 
by the interaction between sex and birth type. However, the 
traits HW, HR and LC were affected significantly 
(P<0.001) by the interaction between birth year and sex. 
The significant interaction between year and sex indicated 
the present fixed effect could have collaboration in affect-
ing the biometric traits.  
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The qualifications related to the fixed effect of year such 
amount of rainfall, quality and quantity of forages beside 
the sex factor have promoted the studied traits. Male lambs 
are more capable to be influenced by sexual hormones to 
reach weight gain and bigger body size in plenteous years. 
Table 3 shows that differences in body size in singletons, 
twins and triplet-born lambs maybe due to limited space in 
the uterine environment and inadequacy of food available 
for twins and triplets. 

  
Maternal permanent environment 
Table 2 shows a non-significant effect of permanent mater-
nal environment. Using AIC values (Akaike, 1974) the es-
timates of c2 were not significantly differ from zero. How-
ever, in other Iranian breeds of sheep significant phenotypic 
variation has been found in HG (Jafari and Hashemi, 2014). 

 

  CONCLUSION 
The results of the present investigation suggest that non-
genetic factors have a notable role in influencing pheno-
typic variation in the biometric characteristics of Moghani 
sheep. In genetic selection programs, it will be useful to 
consider including non-genetic factors, especially fixed 
effects. In a sheep production system, particularly at a re-
gional scale, the results of the present study can be used as 
a pattern. 

 

  ACKNOWLEDGEMENT 
The authors are grateful for valuable assistance of all staff 
of Moghani sheep breeding and raising station. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  REFERENCES 
Abbasi M.A. and Ghafouri-Kesbi F. (2011). Geneticco (variance) 

components for body weight and body measurementsin Ma-
kuie sheep. Asian-Australas J. Anim. Sci. 24, 739-743. 

Table 3 Least square means (cm) ± standard error for biometric traits in Moghani sheep

Traits HW HR BL HG LC 

Sex *** *** *** NS *** 

Male 70.4±4.3a 70.8±4.2a 50.4±5.0a 85.4±8.0a 29.9±4.2a 

Female 69.3±4.0b 68.8±4.0b 50.1±4.3b 86.4±8.4a 28.2±6.1b 

Birth type *** *** *** *** *** 

Single 70.1±4.0a 70.0±4.1a 50.4±4.6a 86.3±8.4a 29.2±5.3a 

Twin 69.1±4.3a 68.8±4.3a 49.7±4.5a 85.2±7.9a 28.4±5.5ab 

Triple 67.5±3.3b 67.0±3.3b 49.4±3.9a 81.0±8.2b 26.7±5.1b 

Month *** *** *** *** *** 

July 71.7±3.34a 72.9±4.0a 50.3±4.7c 92.1±8.8a 33.0±3.7b 

August 70.2±3.7b 70.7±4.0b 51.8±3.8b 92.0±6.8a 27.1±8.5d 

September 70.9±5.3b 72.3±5.3a 56.3±4.7a 84.7±6.1cb 36.8±2.5a 

December 68.6±4.2c 69.1±4.2c 49.6±4.0c 85.3±6.1b 28.0±4.5d 

February 69.1±4.0c 69.5±4.1c 48.35± 5.1d 83.3±10.0c 30.6±3.9c 

Year *** *** * *** *** 
HW: height at withers; HR: height at rump; BL: body length; HG: heart girth; LC: leg circumference and BT: birth type.  
* (P<0.05); ** (P<0.01) and *** (P<0.001).  
NS: non significant.  

Abegaz S., Van Wyk J.b. and Olivier J.J. (2005). Model compari-
sons and genetic and environmental parameter estimates of 
growth and the Kleiber ratio in Horro sheep. South African J. 
Anim. Sci. 35, 30-40. 

Aghaali-Gamasaee V., Hafezian S.H., Ahmadi A., Baneh H., 
Farhadi A. and Mohamadi A. (2010). Estimation of genetic 
parameters for body weight at different ages in Mehraban 
sheep. African J. Biotechnol. 9(32), 5218-5223. 

Akaike H. (1974). A new look at the statistical model identifica-
tion. IEEE Trans. Autom. Control. 19, 716-723.  

Akbarinejad V., Kazempoor R., Shojaei M., Rezaee M. and Oji R. 
(2014). Atlas of Iranian Sheep Breeds. Noorbakhsh Press, Te-
hran, Iran.  

Alphonsus C., Finangwal H.I., Yashim S.M., Agubosi O.C.P. and 
Sam I.M. (2010). Effect of dam parity on measures of growth 
in red sokoto goats 1, 3, 6 and month of age. Cont. J. Anim. 
Vet. Res. 2, 9-13. 

Cam M.A., Olfaz M. andSoydan E. (2010). Body measurements 
reflect body weights and carcass yield in Karayaka sheep. 
Asian J. Anim. Vet. Adv. 5(2), 120-127. 

Dixit S.P., Dhilon J.S. and Sing G. (2001). Genetic and non-
genetic parameter estimates for growth traits of Bharat Merino 
lambs. Small Rumin. Res. 42, 101-104. 

Gowane G.R., Chopra A., Prince L.L.L., Mishra A.K. and Arora 
A.L. (2011). Genetic analysis for growth traits of prolific Ga-
role × Malpura (GM) sheep. Trop. Anim. Health Prod. 43, 
299-303. 

Jafari S. and Hashemi A. (2014). Estimation of genetic parameters 
for body measurements and their association with yearling 
liveweight in the Makuie sheep breed. South African J. Anim. 
Sci. 44(2), 140-147. 

 

643-639, )3(6) 6201(al Science AnimApplied  ofIranian Journal   642 



Bakhshalizadeh et al. 
  

Jafari S., Hashemi A., Darvishzadeh R. and Manafiazar G. (2014). 
Genetic parameters of live body weight, body measurements, 
greasy fleece weight, and reproduction traits in Makuie sheep 
breed. Spanish J. Agric. Res. 12(3), 653-663. 

643-639, )3(6) 6201(Animal Science Applied  ofIranian Journal   643 

Mandal A., Dass G., Rout P.K. and Roy R. (2010). Genetic pa-
rameters for direct and maternal effects on post-weaning body 
measurements of Muzaffarnagari sheep in India. Trop. Anim. 
Health Prod. 10, 9752-9756.  

Matika O., Van Wyk J.B., Erasmus G.J. and Baker R.L. (2003). 
Genetic parameter estimates in Sabi sheep. Livest. Prod. Sci. 
79, 17-28. 

Meyer K. (2007). WOMBAT-a tool for mixed model analysis in 
quantitative genetics by restricted maximum likelihood 
(REML). J. Zhejiang Univ. Sci. B. 8(11), 815-821. 

Petrovic M.P., Caro Petrovic V., Ruzic-Muslic D., Ilic Z., Spasic 
Z., Stojkovic J. and Milenkovic M. (2012).Genetic and pheno-

typic aspects of the body measured traits in Merinolandschaf 
breed of sheep. Biotechnol. Anim. Husb. 28(4), 733-741. 

Petrovic M.P., Ruzic-Muslic D., Maksimovic N. and Memisi N. 
(2009). Effect of environmental and paragenetic factors on 
birth mass variability of MIS sheep populations. Biotechnol. 
Anim. Husb. 25(3), 213-219. 

Rahimi S.M., Rafat S.A. and Jafari S. (2014). Effects of environ-
mental factors on growth traits in Makuie sheep. Biotechnol. 
Anim. Husb. 30(2), 185-192. 

Rashidi A., Mokhtari M.S., Safari Jahanshahi A. and Abdi M.R. 
(2008). Estimation genetic parameters for pre-weaning growth 
traits in Kermani sheep. Small Rumin. Res. 74, 165-171. 

SAS Institute. (2005). SAS®/STAT Software, Release 6. SAS 
Institute, Inc., Cary, NC. USA. 

 

 


