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ABSTRACT

The weighing records of 18 crossbred females with average live weight of 14.7 + 3.14 kg were analyzed to
study the relationship of the growth of crossbred hair sheep with some zoometric measures. The weight was
established and took the measures thoracic perimeter, cannon perimeter, body length, neck length, hip am-
plitude, ischial amplitude, withers height and croup height. All parameters were stated as cm. Within 60
days of the initial weighing and taken the zoometric measures, animals were weighed again and the average
daily gain was estimated. The correlation coefficients of initial body weight with zoometric measures were
high (r>0.7) and the highest of average daily gain were with thoracic perimeter (r=0.41) and body length
(r=0.34), to the remaining variables the coefficients were below 0.3. According to Akaike information crite-
rion the best fit model to describe the growth was, average daily gain (ADG) (g/d)= 3.3 x thoracic perimeter
(PT) - 44.4 x perimeter cane (PC) + 5.4 x body length (LCO) + 5.6 x amplitude hip (AC) - 3.3 x height at
the croup (ALG) (R2=0.92, Akaike information criterion (AIC)=96.8; P<0.05). The zoometric measures

relate to the growth, proving to be a tool for information about the growth potential of crossbred lambs.

LA [e1:905] animal morphology, body regions, regression analysis.

INTRODUCTION

The zoometric variables have been shown as a useful tool
for estimating the weight of the animals (Musa et al. 2012;
Zhang et al. 2016) and to describe and characterize the
races (Mernies et al. 2007). Rocha et al. (2007) used the
zoometric measures to characterize the goat race Moxoto
and was possible to verify the differentiation and formation
of subpopulations within the race. Furthermore, relationship
of zoometric measures with some production parameters
has been reported (De Haas et al. 2007). MacNeil and Mot
(2006) in Hereford cattle observed correlation between the
udder shape and milk production, which has been proposed
to use morphology measures in selection processes in coun-
tries where no breeding programs are carried (Haldar et al.

2014). Similarly, in goats, the relationship of body confor-
mation and prolificacy was observed, noting a strong and
positive relationship between litter size and various zoomet-
ric traits in black Bengal goats, as neck length, body length,
height at withers, height of the croup, hip width and Ischia
width, characteristics that allowed discrimination goats
carrying multiple fetuses of carrying a single fetus (Haldar
et al. 2014). In the case of sheep they have reported rela-
tionship of some zoometric measures or conformation with
growth (Tatum et al. 1998a; Burke et al. 2003; LO6pez-
Carlos et al. 2010), body weight (Tatum et al. 1998a;
Vatankhah and Talebi, 2008; Lopez-Carlos et al. 2010;
Musa et al. 2012; Konig et al. 2017), the characteristics of
the carcass (Tatum et al. 1998b, Souza et al. 2013;
Bautista-Diaz et al. 2017; Konig et al. 2017) and salable
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meat (Ricardo et al. 2016). However, there is not informa-
tion for growth in hair sheep crossbred. The aim of this
study was to analyze the relationship of the growth of hair
sheep crossbred with some zoometric measures.

MATERIALS AND METHODS

Location

This study was conducted on a commercial farm in the mu-
nicipality of Ocafia, Norte de Santander, Colombia, at 1270
meters above sea level, having average temperature of 22
°C.

Data collection and animal management

Weighing records of 18 crossbred sheep (Rizwana et al.
2016) from heterogeneous creole ewes crossed with males
of Creoles, Dorper and Blackbelly were analyzed, with an
average of 14.7 + 3.14 kg initial body weight. When the
weight was established, then measured thoracic perimeter
(PT), as the circumference at the height of the heart; pe-
rimeter cane (PC) as the circumference at the midpoint of
the rod; body length (LCO), as the length from the front of
the shoulder to the back of the ischium; neck length (LCU),
from the first cervical vertebra to the last; hip amplitude
(AC), the distance between the outer faces of the two coxal
tuberosities; Ischia amplitude (Al), distance between the
outer faces of the two ischial tuberosities; height at the
withers (ALC), distance from the floor to the highest point
in the insertion of the shoulders and rump height (ALG),
distance from the floor to the highest point of the hip. All
zoometric measures were taken in centimeter, perimeters
using a tape measure and other measures with a measuring
stick. Within 60 days of the initial weighing and taking the
measures zoometric animals were weighed again and the
average daily gain (ADG) was estimated. The animals were
grazed during the day and confined at night. They were
supplemented with mineralized salt.

Statistical analysis

The data were subjected to correlation analysis and multiple
regression. The fit of the model was evaluated according to
the Akaike information criterion (AIC). The data analysis
was performed using the SAS program REG package (SAS,
2002).

RESULTS AND DISCUSSION

Table 1 shows the means of the variables analyzed. At 60
days of fattening two animals showed no weight gain and
were not taken into account in the following analysis be-
cause it is indicative of the presence of subclinical health
problems (Sandoval et al. 2007).
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The observed average daily gain was close to that re-
ported by Carneiro et al. (2010) for the Colombian native
breed of wool and the Colombian Red in system of exten-
sive management, but lower than that reported for Black-
belly (BB), Dorper (D) and Santa Ines, although in the case
of races D and Santa Ines managed in intensive and semi-
intensive systems, respectively.

Moderate variation was observed for zoometric meas-
ures, corresponding to that observed in Uruguayan Creole
sheep (Mernies et al. 2007), indicating that disputethe het-
erogeneous racial composition was homogeneous group in
conformation.

Most zoometric variables showed high correlations with
each other (r>0.7), the lowest correlations were presented
with the AC. Correlations with ADG were also observed
low (r<0.3) with exception of PT and LCO and in case of
the PC, the correlation was negative. These results are
shown in Table 2.

The high correlations observed between zoometric vari-
ables and PI correspond with previous results in sheep, was
reported in the Shugor breed, where most relationships be-
tween body weight of the animal and the PT was observed
(Musa et al. 2012) and those observed in Katahdin (K), D,
BB and Pelibuey (P) breeds where most zoometric meas-
ures related to the initial and final live weight. However, in
that work, body length (LCO) was the only measure that
was not different between races and was not related to BW
in the race.

Instead, they observed that the abdominal circumference
(PA) was in line with the body size. In a similar way, they
found that waist circumference was poorly related to the
BW on race D (heavier lambs), but strongly related to BW
in K, P (light lambs) and BB (lighter lambs).

Overall, they observed differences between races for the
values of the correlations of measures zoometric with
growth characteristics, indicating differences in growth,
according to race (LApez-Carlos et al. 2010). Similar ob-
servations to those made in three types of breeds of sheep
of Burkina Faso, which measures the perimeter of the nose,
the length of the head, tail length, the length of the ears,
body length, depth chest and height at withers showed sig-
nificant differences for all races (Traoré et al. 2008). These
differences between races contrast with the results in this
study because despite the racial heterogeneity of the ani-
mals studied correlations of zoometric measures and Pl
were high. In Brazil, in the Santa Inés sheep breed, evaluat-
ing the rate of structural frame or as frame size index (FSl),
which is calculated taking into account the height, length
and weight of the animal, could see similar results in this
study, since animals with higher initial FSI they had higher
final weight, indicating a positive correlation between body
weight and shape.
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Summary of zoometric measures and weight of the sheep

Variable N Means SD

PT,cm 16 58.544 4.705
PC, cm 16 6.069 0.574
LCO, cm 16 46.056 3.616
AC,cm 16 9.725 1.714
Al, cm 16 12 1.610
LCU, cm 16 18.163 2.267
ALC, cm 16 52.213 4.392
ALG, cm 16 51.713 3.881
Pl, kg 16 15.119 3.225
ADG, g/d 16 59.479 25.471

PT: thoracic perimeter; PC: perimeter cane; LCO: body length; LCU: length neck; AC: amplitude hip; Al: amplitude of Ischia; ALC: height at the withers; ALG: height at
the croup; PI: initial weight and ADG: average daily gain.
SD: standard deviation.

Pearson correlation coefficients for the variables analyzed

Variable Pl PT PC LCO AC Al LCU ALC ALG ADG
Pl - - - - - - - - - -
PT 0.834 - - - - - - - - -
PC 0.580 0.621 - - - - - - - -
LCO 0.752 0.704 0.671 - - - - - - -
AC 0.198 0.173 0.514 0.241 -

Al 0.896 0.765 0.720 0.725 0.488 -

LCU 0.826 0.643 0.432 0.505 0.271 0.788 -

ALC 0.836 0.562 0.362 0.617 0.148 0.809 0.712 -

ALG 0.808 0.541 0.511 0.723 0.233 0.771 0.570 0.882 -
ADG 0.287 0.410 -0.094 0.343 0.080 0.184 0.138 0.170 0.053 -

PI: initial weight; PT: thoracic perimeter; PC: perimeter cane; LCO: body length; LCU: length neck; AC: amplitude hip; Al: amplitude of Ischia; ALC: height at the withers;

ALG: height at the croup and ADG: average daily gain.
SD: standard deviation.

They also obtained similar results in the carcass, where
heavier carcasses observed in animals with higher FSI, but
this effect was not observed it when analyzed as carcass
yield (Souza et al. 2013). Furthermore, the weight of sal-
able meat showed high correlation with external carcass
length, rump perimeter, carcass width, thoracic depth and
leg perimeter in lambs; for BW the results were similar
(Ricardo et al. 2016).

The results of this study are also similar to those ob-
served by Legaz et al. (2011) characterizing the Assaf.E
sheep in Spain, where the thoracic circumference was the
variable with the highest correlation coefficient in both
males and females (83 and 85%, respectively) with the size
of the animal, on the contrary, measures ears, which were
not analyzed in this study, showed to be independent of the
size of the animal.

The results of this study are in corroboration with those
of Tatum et al. (1998a) evaluating the classification by the
conformation of lambs and five diets as they observed that
animals with higher conformation (CoA) had a higher body
length and height at the withers, that visually classified as
low conformation (CoB) and average (Com). In a similar
way, high conformation animals had higher initial and final
weight.
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In the case of ADG, correlation coefficients of ADG with
zoometric measures were middle for PT and LCO, with
other variables were low and the PC a negative correlation
was observed. These results are similar to those observed in
lambs D, K, P and BB of 4.7 months old. K (28 kg BW)
was observed positive and significant correlations for LC,
PA, PMC, amplitude pectoris (AMP), the perimeter of the
metatarsal (PMT), thoracic perimeter (PT), neck circumfer-
ence (PCU) and carpo perimeter (PCA). And P (29 kg BW)
for this age where the only variable body conformation with
positive correlation with ADG and consumption was the
PA. At 7.6 months of age significant positive correlations
between the variables of growth and body conformation for
BB (ALC, PT, PA, AMP and PCU), D (ALA, PA and
PMC), K (LCO, PA were observed, PT and PCA) and PA
for P (Lopez-Carlos et al. 2010). The results of this study
were contrary to those seen at 4.7 months of age in D (38
kg live weight) where the PC was positively correlated with
growth variables (ADG, consumption and EA). The other
body measurements had negative or no significant relation-
ships.

In a similar way, BB (23 kg LW) no positive correlations
were observed between body measurements and ADG
(L6pez-Carlos et al. 2010).
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The results of this study are in the same direction of
Tatum et al. (1998a), where the average daily gain (ADG)
was observed, which was higher in animals CoA than in the
CoB, except in the diet high in concentrate with high pro-
tein (80% and 14.5%, respectively) in which no differences
were observed. In addition, diets low inclusion of concen-
trated (30%), middle inclusion concentrates with low pro-
tein (55% and 12.5%, respectively) and mean inclusion of
concentrate with high protein (55% and 14.5% respec-
tively) the CoA animals had a higher weight gain than CoM
animals.

In the two diets high in concentrate (80%), regardless of
the protein level (12.5 and 14.5%) the ADG was similar in
animals CoA and CoM. These results were similar for ani-
mals CoM and of CoB, which had an equal ADG in most
diets except for the two high concentrate diets, which high-
lights the relationship between growth and food. Moreover,
Konig et al. (2017) in Red Maasai, Dorper breeds and their
crosses observed that the live animal measures (LCO and
PT) were shown to significantly predict the growth rate.

Finally, the results of this study are contrary to those seen
in the Santa Ines race by Souza et al. (2013) which found
no relationship between the FSI and ADG as the ADG was
not different between the high and low FSI, despite having
a difference of 40.7 g/d (304.1 g/d to 263.4 g/d).

Predictive models of initial weight with lower AIC ac-
cording to the number of variables taken into account are
summarized in Table 3. According to the AIC, the best-
fitting model (AIC=0.18) was the model that took into ac-
count PT, LCU and ALG. These results are consistent with
previous results in Shugor, where it was observed that the
model with the highest coefficient of determination took
into account PT and ALG, however, did not take into ac-
count LCO, but ALC; also exchange value for each centi-
meter increase in PT is 0.42 kg, less than that observed in
the present study, otherwise to that observed for ALG
where the value of 0.35 kg is similar to that observed in the
present study (Musa et al. 2012).

ADG predictive models with the lowest AIC according to

the number of variables taken into account are summarized
in Table 4; the intercept was not significant (P>0.05) so the
models without Intercepts were chosen. Only for informa-
tional purposes models with fewer variables are presented,
although they showed AIC values greater, as they could be
useful to have fewer variables despite the loss adjustment.
According to the AIC, the best-fitting model (A1C=96.8) to
describe the growth of the sheep was the one that took into
account five predictor variables, which involved PT, PC,
LCO, AC and ALG.
These results are similar to those obtained by Musa et al.
(2012) who observed that the PT was the variable most
predictive weight of the Shugor sheep. But they are con-
trary to those observed at 4.7 months of age in K, D, P and
D, where the PT was not the variable with the highest posi-
tive correlation; and also observed in D to this age, where
the PC was positively related to ADG (Ldpez-Carlos et al.
2010), while in the model developed in this study shows a
negative relationship, but similar to for PT in K and BB to
7.6 months of age, where showed a positive correlation
(L6pez-Carlos et al. 2010).

Moreover, this model is also consistent with the results of
Tatum et al. (1998a) in which animals with greater length
and greater height (CoA) had better ADG. However are
contrary to those observed in Santa Ines sheep where the
formation did not affect ADG. Therefore, the zoometric
measures provide information on the characteristics of ani-
mals, which has proven it is essential to improve productiv-
ity of sheep (Alves et al. 2003).

Moreover, Bautista-Diaz et al. (2017) observed that bio-
metric measurements can improve the accuracy and preci-
sion of the predictions to selection programs and to assist
decision support systems. In that sense, it is given the high
heritability that presents the ADG (Sinha and Singh, 1997),
can be selected animals with higher ADG predicted, ac-
cording to its shape using the proposed model, seeking to
improve productivity and profitability of the farm.

[L:Ls] ] Predictive models of body weight (BW) according to the zoometric measures

N. variables Model P R*aj AlC
1 BW (kg)= -6.41 + 1.7 x Al <0.0001 0.79 14.4
2 BW (kg)=-26.8 + 0.36 x PT + 0.39 x ALC < 0.0001 0.88 6.8
3 BW (kg)=-26.8 + 0.27 x PT + 0.49 x LCU + 0.33 x ALG <0.0001 0.92 0.2

PT: thoracic perimeter; LCU: length neck; Al: amplitude of Ischia; ALC: height at the withers; ALG: height at the croup and and AIC: Akaike information criterion.

=181 Predictive models of ADG according to the zoometric measures

N. variables Modelo P R%*aj AIC
1 ADG (g/d)=1.02 x PT < 0.0001 0.86 102.5
2 ADG (g/d)=3.8 x PT-21.1xPC <0.0001 0.89 99.5
3 ADG (g/d)=4.03 x PT - 36.6 x PC +4.74 x AC <0.0001 0.9 99.6
4 ADG (g/d)=2.98 x PT =325 x PC+5.03x LCO-2.9 x ALG <0.0001 0.91 98.7
5 ADG (g/d)=3.3xPT-444xPC+54xLCO+56xAC-33xALG <0.0001 0.92 96.8

PT: thoracic perimeter; PC: perimeter cane; LCO: body length; AC: amplitude hip; ALG: height at the croup; ADG: average daily gain and AIC: Akaike information crite-

rion.
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Previously it has been observed that the ADG is one of
the determining factors of production and productivity in
fattening lambs and is the most practical approach to indi-
rectly improve production efficiency in lambs (Snowder
and Van Vleck, 2003).

CONCLUSION

In conclusion, zoometric measures are an important tool for
predicting the growth of crossbred sheep and can be used to
select animals with better production characteristics that
result in increased production, productivity and profitability
of the farm.
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