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SUMMARY

Background. The live weight (LW) and morphometric variables of sheep are useful characteristics to generate
adequate criteria for genetic improvement and conservation of Creole animal resources. Objective. To establish
morphological relationships and through them predict LW of females and males in Creole sheep of the Oaxacan
Mixteca, Mexico. Methodology. LW, thoracic perimeter (TP), height at withers (HW), back length (BL), cane
perimeter (CP), head length (HL), neck length (NL), abdominal perimeter (AP) and rump width (RW) were recorded
in 720 Creole sheep in 24 production units, measured in animals of both sexes. First, they were analyzed using general
linear model procedures to determine the effect of sex on the variables of interest, and then, they were analyzed using
discriminant analysis. Simple correlations between morphometric variables were calculated and step-by-step multiple
linear regression equations were generated to predict LW. Results. Differences were found between sexes for LW and
morphometric measures, which were correlated (p < 0.05). The variables TP, AP and BL had the highest correlations
(0.92, 0.90 and 0.89, respectively) and the variables CP, NL and RW, the lowest (0.75, 0.82 and 0.83, respectively).
The statistical models explained a large proportion of the total variability (R? from 85 to 91 %). According to sex,
males had R? (0.90 to 0.94) higher than females (0.83 to 0.89). In both cases TP and HW were the most important
characteristics for predicting LW. Conclusions. Under the conditions of this work, the model that included TP and
HW was the one that best predicted the LW of the Creole sheep of the Oaxacan Mixteca. It is recommended to use
different equations for each sex and training of sheep producers in the use of those equations.
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RESUMEN

Antecedentes. El peso vivo (PV) y las variables morfométricas de los ovinos, son caracteristicas Utiles para generar
criterios adecuados de mejoramiento genético y conservacion de recursos animales criollos. Objetivo. Establecer
relaciones morfolégicas y a través de ellas predecir el PV de hembras y machos en ovinos criollos de la Mixteca
Oaxaquefia, México. Metodologia. En 720 ovinos criollos de 24 unidades de produccién, se registraron el PV,
perimetro toracico (PT), altura a la cruz (AC), largo del dorso (LD), circunferencia de la cafia (CC), largo de la cabeza
(LC), longitud del cuello (LCu), perimetro abdominal (PA) y ancho de la grupa (AG), en animales de ambos sexos.
Primero, se analizaron mediante analisis de varianza, para determinar el efecto de sexo sobre las variables de interés y
después, se analizaron utilizando analisis discriminante. Se calcularon las correlaciones simples entre las variables
morfométricas y se generaron ecuaciones de regresion lineal maltiple paso a paso para predecir PV. Resultados. Se
encontro diferencia entre sexos para PV y medidas morfométricas, las cuales estuvieron correlacionadas (p < 0.05).
Las variables PT, PA y LD tuvieron las correlaciones mas altas (0.92, 0.90 y 0.89, respectivamente) y las variables
CC, LCuy AG, las mas bajas (0.75, 0.82 y 0.83, respectivamente). Los modelos estadisticos utilizado explicaron una
gran proporcion de la variabilidad total (R? de 85 a 91 %). De acuerdo con el sexo, los machos presentaron R? (0.90 a
0.94) mas altos que las hembras (0.83 a 0.89). En ambos casos PT y AC fueron las caracteristicas mas importantes
para predecir PV. Conclusiones. Bajo las condiciones de este trabajo, el modelo que incluyd PT y AC fue el que mejor
predijo el PV de los ovinos criollos de la Mixteca oaxaquefia. Se recomienda utilizar ecuaciones distintas para cada

sexo, y entrenar a los productores de ovinos en el uso de esas ecuaciones.
Palabras clave: andlisis discriminante; regresion maltiple; peso corporal; recursos genéticos.

INTRODUCTION

The recording of live weight is an important practice,
since knowledge of this would help to predict the
productive performance of an animal (Chacén and
Boschini, 2017) and for decision-making in
management practices, with special importance in
reproduction, genetic selection, feeding and sanitary
management (Raji et al., 2008). However, this practice
is not common among producers, among other things,
due to the absence of scales in the production units and
the time spent in the weighing process.

In developing countries, sheep play an important role
in the economy and feeding of smallholders, who are
commonly raised and produced under extensive
management systems (Ojonegecha et al., 2020). In
Mexico, Oaxaca there are approximatelly 400,000
sheep, much of them of the Creole type, which
production supports many rural families with limited
economic resources. This sheep biotype and the form
of production have been generally carried out with a
low use of technology and scarce infrastructure for its
production (Martinez-Pefia et al., 2018). Frequently, in
the marginalized regions of Oaxaca, live weight is
subjectively estimated and is based mainly on the
observational skill of the producer, buyer or
technician. Therefore, it is necessary to find a
technically based tool to reduce handling errors caused
by the lack of precision when estimating live weight
(Resende et al., 2001). Ribeiro et al. (2004a)
mentioned that morphometric variables are used in the
estimation of live weight in various species and breeds
of domestic animals. In turn, Cam et al. (2010)
considered that the prediction of live weight from
morphometric variables represents a practical method.
In addition, multivariate techniques, such as principal
component analysis, have been used for the prediction

of live weight (Ojonegecha et al., 2020). Factor
analysis provides the tools for analysing the structure
of the interrelationships (correlations) among a large
number of variables by defining sets of variables that
are highly interrelated (Salako, 2006). Ojonegecha et
al. (2020) revealed through Pearson correlation
coefficients that great and predictive degree of
relationship existed amongst body measurements in
Yankasa Sheep, and the highest singular pair was the
association between body weight and chest girth. They
found that chest girth and PC1 were the major
predictors of BW when original body measurements
and principal components, respectively, were used as
predictors in Yankasa Sheep.

To date, no information has been reported on
morphometric measurements and prediction of live
weight of the Creole sheep of the Oaxacan Mixteca.
This is a need of significant importance since these
animals are a genetic resource adapted to the climatic
and management conditions of the region. Thus, the
objective of this study was to establish the
relationships between morphometric traits and live
weight of sheep of both sexes, as well as to generate a
predictive model based on the live weight of Creole
sheep of the Oaxacan Mixteca in Mexico.

METHODOLOGY
Study site

The study was conducted in 24 sheep production units
from 17 municipalities of the Oaxacan Mixteca,
Mexico. The area is characterized by altitudes of 1,200
to 2,300 meters above sea level, with mainly
mountainous relief (81.6%). The climate varies from
warm-semi-dry to temperate-humid, but there are also
extremely dry places, except during summer rains
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(June to October). The average rainfall in the region
ranges between 400 and 800 mm per year
(CONAGUA, 2022).

Animals

We evaluated 720 female (n = 481) and male (n = 239)
Creole sheep from one to 60 months of age that we had
access to. The sheep were raised in extensive
management systems, with grazing during the day and
enclosure at night. In general, there were no regular
health control practices and the main objective of the
production units was the sale of live animals for meat

supply.
Characteristics measured

The live weight of each animal was measured in
kilograms, with a Rhino® digital scale with capacity for
100 kg and 0.05 kg precision, in the morning and
before grazing, to avoid bias due to feed consumption.
Morphometric variables were measured in centimeters
and taken with a flexible tape. Eight body
measurements were obtained from each animal (Table
1), following FAO recommendations (2013) and other
studies (Chacon et al., 2011). To minimize assessment
biases, all measurements were taken by a researcher
and a trained field assistant.

Data analysis

Descriptive statistics for body measurements were
obtained by the UNIVARIATE procedure and
comparison between sexes was carried out by the
Ismeans option of the general linear procedure (PROC
GLM). The data obtained were used to estimate simple
correlations between morphometric variables and live
weight (LW) through the calculation of Pearson
correlation coefficients. LW was predicted from body
measurements with the step-by-step multiple linear
regression procedure generating an equation for data as
a whole, for females and males. A stepwise
discriminant analysis was performed using PROC
STEPDISC to identify the most useful morphometric
traits and morphological indices for further
discriminant analyses. The relative discriminatory
ability of a quantitative variable was assessed using the
partial R?, F value, and level of significance (p > F).
Then, the canonical discriminant analysis function
(PROC CANDISC) was used to perform univariate
and multivariate one-way analyses, derive canonical
functions and linear combinations of the quantitative
variables that summarize variation between sexes, and
calculate the associated Mahalanobis distances. All
statistical analyses were performed using SAS version
9.3 (SAS Institute Inc., 2014).
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Table 1. Description of body measurements taken
from 720 Creole sheep from the Oaxacan Mixteca,
Mexico.

Morphometric Description
measurement

Height of The height (vertical) from the
wither (HW) bottom of the front foot to the

highest point of the shoulder
between the withers.

Cane perimeter The circumference of the reed

(CP) bone of a front leg below the
bottom of the knee joint.

Head length Distance from the nape of the

(HL) neck to the alveolar edge of the
incisors of the upper jaw.

Neck length Distance from the nape of the

(NL) neck to the center of the withers
with the head of the sheep held
approximately 90 degrees from

its body.
Back length Horizontal distance from the
(BL) scapula to the rump.
Thoracic Circumference of the body

perimeter (TP)  immediately behind the shoulder
blades in a vertical plane,
perpendicular to the longitudinal
axis of the body.

Abdominal Circumference of the body that

perimeter (AP)  passes immediately behind the
sacrum and at the level of the
udder.

Rump width Distance between the two rump

(RW) tips.

RESULTS AND DISCUSSION
Analysis of morphometric variables

The mean morphometric variables evaluated were
higher in females than in males (p < 0.05), except for
the cane perimeter (Table 2). The average LW was 6%
higher in females than in males. In this regard, Falcén
et al. (2020) also reported higher weights in females of
sheep of the AsBlack breed of Peru. Similarly, Avalos
et al. (2022), when estimating the mature weight of
Creole sheep of the Mixteca, found LW of 27 and 35
kg in males and females, respectively. In studies on
Creole sheep in Mexico, Jaramillo et al. (2009)
observed LW of 20.26 + 2.98 kg in Tarahumara Creole
sheep, in Chihuahua, Mexico, which is similar to those
in the present study; while in Chiapas Creole sheep,
Perezgrovas and Castro (2000) reported in average
higher LW, from 25 to 28 kg, in animals from birth to
4.5 years of age and Méndez—-Gémez et al. (2014)
recorded LW of 23 to 25 kg in adult sheep.
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Table 2. Descriptive statistics of nine morphometric variables of the Creole sheep of the Oaxacan Mixteca (n = 720).

Variable Female (n=481) Male (n=239) MSD Mean SE CVv
LW (kg) 21.83a 20.44 b 0.78 21.36 0.36 4593
HW (cm) 58.11a 56.30 b 0.75 57.43 0.36 17.10
CP (cm) 10.44 b 10.86 a 0.13 10.57 0.04 10.59
HL (cm) 18.64 a 17.91b 0.24 18.40 0.12 16.90
NL (cm) 26.82a 25.65b 0.56 26.43 0.23 22.16
BL (cm) 53.07a 51.36 b 0.83 52.50 0.39 19.82
TP (cm) 67.28 a 62.85hb 1.12 65.81 0.51 20.89
AP (cm) 77.34a 71.16b 1.50 75.29 0.66 23.56
RW (cm) 15.09 a 14.74 b 0.33 14.97 0.12 21.39

LW, live weight; HW: height at withers; CP, cane perimeter; HL, head length; NL, neck length; BL, back length; TP,

thoracic perimeter; AP, abdominal perimeter; RW, rump width;
minimum significant difference.

In this study, height wither was similar (55 to 60 cm),
thoracic perimeter (70 to 77 cm) lower and CP 8 cm
higher than the values reported in Tarahumara and
Chiapas Creole sheep (Perezgrovas and Castro, 2000;
Jaramillo et al., 2009). Aparicio (1974) indicated that
cane perimeter is a measure related to the silhouette of
the animal, while Bravo and Sepulveda (2010)
mentioned that this variable has a differentiating value
between milk and meat breeds, being higher in meat
breeds (Herrera and Luque, 2009). These observations
correspond to the differences of the breeds with the
Creole sheep of Chihuahua and Chiapas.

In general, abdominal measurements show high
variation and are usually affected by intestinal filling,
and in the case of females, a possible pregnancy,
aspects that were taken care in this study. Ojonegecha
et al. (2020) mentioned that the length of the head
presents little variability due to its close association
with the cranial bone. In small populations with

Multivariate discriminant analyses confirmed the
morphological variability observed between males and
females in the comparison of means. The results of the
stepwise discriminant analysis (Table 3) showed that
six of the eight quantitative variables included in the
analysis contribute significantly to discriminate
between the sexes (p < 0.0001). The thoracic and cane
perimeters showed higher partial values of R? and F,
illustrating their greater discriminant power than the

SE: standard error; CV, coefficient of variation; MSD:

minimal breed crossing, this variation was low, as
observed in this study. Dekhili (2014) and Whannou et
al., (2021) found that climatic variation, due to
geographical distribution, influences the phenotypic
variations of animals, so further research of Creole
sheep that include different regions should be
considered.

Although morphological variation is largely under
genetic control (Dossa et al., 2007), it is subject to the
influence of environment and management practices
(Mirkena et al., 2010; Leroy et al., 2015). Therefore, it
is likely that the higher values in morphological traits
and life weight observed in the present study in females
was mainly due to the fact that they represent a greater
number of animals that exceed maturity, while
sexually mature males are only between one and two
per unit of production, because most males were
castrated, and they are often sold at one year of age.

other variables used to assess morphological diversity
in the sheep population of the Oaxacan Mixteca.
However, the use of the four significant quantitative
variables (p < 0.05 for column p > F) in canonical
discriminant analysis generated a significant (p <
0.0001) canonical variable (CAN 1) that explained
100% of the total variation, as revealed by the
standardized coefficients for the discriminant function,
canonical correlation, eigenvalue, and share of total
variance taken account (Table 4).

Table 3. Results of morphometric variables obtained from step-by-step discriminant analysis.

Step Variable R? partial  F-Value p>F Wilks' p< ASCC p>
entered Lambda Lambda ASCC
1 CP 0.0328 24.34 <.0001 0.967 <.0001 0.033 <.0001
2 TP 0.171 147.88 <.0001 0.802 <.0001 0.198 <.0001
3 NL 0.0068 491 0.0270 0.796 <.0001 0.204 <.0001
4 HL 0.0036 2.56 0.1098 0.794 <.0001 0.206 <.0001
5 LW 0.0057 411 0.0430 0.789 <.0001 0.211 <.0001
6 AP 0.0048 3.44 0.0641 0.785 <.0001 0.215 <.0001

LW, live weight; CP, cane perimeter; HL, head length; NL, neck length; BL, back length; TP, thoracic perimeter; AP,
abdominal perimeter; ASCC: Average quadratic canonical correlation.
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Table 4. Total canonical coefficients for the canonical function, the adjusted canonical correlation and the
eigenvalue obtained from the canonical discriminant analysis performed on eight morphometric variables and
the live weight.

Variable LW HW CP HL NL BL TP AP RW ACC EV
Canl 0.144 0.190 -0.390 0.239 0.203 0.167 0.327 0354 0113 049 0.27
LW, live weight; HW, height at withers; CP, cane perimeter; HL, head length; NL, neck length; BL, back length; TP,

thoracic perimeter; AP, abdominal circumference; RW, rump width; ACC: Adjusted canonical correlation; EV,

eigenvalue.

The canonical loads that measure the simple linear
correlations between each independent variable and
the canonical variables are shown in Table 4. CAN 1
was dominated by positive loads of abdominal
perimeter, thoracic perimeter, head length and neck
length; and negative loads of the cane perimeter. The
figure, of the values of the centroid, of the first
canonical discriminant functions showed difference
between sexes, but with overlapping events (Figure 1).
The distances of Mahalanobis between males and
females (21.66) obtained from the canonical analysis
of Creole sheep of the Oaxacan Mixteca showed that
the distances were different (p < 0.0001).

Correlation analysis

All morphometric measurements were correlated (p <
0.001) with each other and, mainly, with the live
weight (Table 5). The variables most correlated with
live weight were thoracic perimeter, abdominal
perimeter, back length, and the least correlated cane
perimeter, neck length and rump width. The high
correlation indicates the strength of dependence
between variables and suggests that correlated
characteristics can be used as indirect selection criteria
in the absence of a scale (Cam et al., 2010). In this
regard, it is mentioned that objectively measured body
shapes could improve the selection of animals for
growth characteristics by allowing the breeder to
recognize animals of different sizes (Yakubu, 2009;
Ojonegecha, et al. 2020), which may be useful as a
selection criterion instead of live weight.

The positive and high correlation coefficient observed
between live weight and thoracic perimeter, compared
to all other correlations, agree to that reported by
Afolayan et al. (2006) with a correlation coefficient of
0.94 between those two variables. Variables such as
height at wither, back length and thoracic perimeter
and abdominal perimeter, which are directly related to
the size and weight of the animals, showed very high
positive correlations with each other and were
comparable with the values recorded for small
ruminants in other studies (Yakubu, 2009; Sowande, et
al., 2010; Ojonegecha, et al., 2020). The positive
correlations  between live weight and the
morphological traits obtained here indicate that an
increase in any measured variable would result in a
corresponding increase in live weight. Therefore, data

suggesting that either trait or combination of these
could be used to estimate live weight in Oaxacan
Mixteca Creole sheep in places where scale is not
available.

There were high positive correlations between live
weight and the morphometric variables studied, both in
females and males, being greater in the latter (Table 6),
with greater difference for cane perimeter and rump
width. The abdominal perimeter showed the greatest
similarity of correlation between both sexes with live
weight.

Regression analysis

The results of the step-by-step multiple regression
analysis, indicate that live weight variations in the
Creole sheep of the Oaxacan Mixteca were mainly
dependent on thoracic perimeter followed by height of
wither (Table 7).

Four prediction equations with coefficient of
determination (R?) of 0.85, 0.89, 0.90 and 0.91 were
obtained by using thoracic perimeter, height of wither,
cane perimeter, neck length, back length and
abdominal perimeter as predictors of live weight
(Table 8). The values of R? increased with increasing
number of variables included as predictors, but this
increase was minimal. Therefore, the unique use of
thoracic perimeter to predict live weight under field
conditions could be feasible, reliable, and easy to apply
by the producer. These results are consistent with those
reported by other studies (Eyduran et al., 2009;
Ojonegecha et al., 2020). For instance, Cam et al.
(2010) considered that simple regression equations to
predict live weight using morphometric variables,
other than those evaluated in this study, represent a
practical method to predict it. Ribeiro et al. (2004b)
proposed an equation that only includes thoracic
perimeter as the best measure to predict live weight of
animals in all breeds and ages evaluated in their study.
Resende et al. (2001) agree, with the above, when
evaluated the live weight of goats of three different
ages, using the thoracic perimeter, height of wither and
head length. Authors concluded that thoracic perimeter
was the most efficient measure to predict live weight,
and this variable can be used to construct a general
prediction equation for animals of all ages.
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Figure 1. Scatter plot showing the 720 individual sheep sampled in the Oaxacan Mixteca, Mexico.

Table 5. Coefficient of correlation between morphometric measurements of Creole sheep, of both sexes, of the

Oaxacan Mixteca (n = 720).

LW HW CP HL NL BL TP AP RW

LW 1 0.90** 0.75** 0.88** 0.82** 0.89** 0.92** 0.90** 0.83**
HW 1 0.71** 0.89** 0.84** 0.89** 0.87** 0.84** 0.78**
CP 1 0.67** 0.66** 0.70** 0.72** 0.67** 0.67**
HL 1 0.80** 0.86** 0.87** 0.85** 0.76**
NL 1 0.80** 0.80** 0.75** 0.71**
BL 1 0.88** 0.86** 0.84**
TP 1 0.96** 0.84**
AP 1 0.83**
RW 1

LW, live weight; HW: height at withers; CP, cane perimeter; HL, head length; NL, neck length; BL, back length; TP,
thoracic perimeter; AP, abdominal perimeter; RW, rump width; **Significant correlation (p <0.001).

Table 6. Coefficient of correlation between live
weight and morphometric measurements of female
and male Creole sheep of the Oaxacan Mixteca (n =

720).
Variable LW Female LW Male
(n=481) (n=239)
HW 0.88** 0.93**
CP 0.72** 0.84**
HL 0.83** 0.93**
NL 0.79** 0.86**
BL 0.88** 0.91**
TP 0.91** 0.95**
AP 0.90** 0.91**
RW 0.77** 0.85**

HW: height at withers; CP, cane perimeter; HL, head
length; NL, neck length; BL, back length; TP, thoracic
perimeter; AP, abdominal perimeter; RW, rump width;
**Significant correlation (p < 0.001).

The prediction equations for females (Table 9) and
males (Table 10) used different morphometric
variables with three to six predictors, with abdominal
perimeter included in the equation with three
predictors for females and head length in males. The
equation with six predictors differed in the variables
neck length and head length for females and males,
respectively, whereas the equations with one and two
predictors used the same morphometric variables
(thoracic perimeter and height of wither). The
equations of males had the highest R?, indicating least
variability among them. In this sense, Souza et al.
(2009) mentioned that both thoracic perimeter and
body length, used independently and in specific
equations for females and males would be good
estimators of live weight. Various authors (De Aluja et
al., 2005; Castellaro et al., 2019) mentioned that, if
thoracic perimeter is used as the only predictor of live
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weight, it should consider specific equations for each
sex, a recommendation that would apply to what was

Avalos-Castro et al., 2023

were high. The thoracic perimeter variable alone, or
associated with height at withers, was enough to

observed here. explain the live weight of Oaxacan Creole sheep. The
values of the coefficient of determination increased
slightly when the variables cane perimeter, neck
length, back length and abdominal perimeter were
included in the statistical model. It is recommended to
further use different equations for each sex and training

of sheep producers in the use of those equations.

CONCLUSIONS

Differences in morphological traits were found
between females and males. The correlation
coefficients between live weight and morphometric
variables of the Creole sheep of the Oaxacan Mixteca

Table 7. F values and significance levels of direct selection of step-by-step regression between live weight as a
dependent variable and morphometric variables.

Step  Variable R? partial R? model F p>F

1 TP 0.8500 0.85 4205.63 <0.0001
2 HW 0.0324 0.89 204.55 <0.0001
3 BL 0.0086 0.90 58.60 <0.0001
4 CP 0.0061 0.90 44.26 <0.0001
5 HL 0.0033 0.91 24.50 <0.0001
6 NL 0.0018 0.91 13.78 0.0002
7 AP 0.0022 0.91 16.94 <0.0001
8 RW 0.0003 0.91 2.39 0.1228

HW: height at withers; CP, cane perimeter; HL, head length; NL, neck length; BL, back length; TP, thoracic perimeter;
AP, abdominal perimeter; RW: width of the rump.

Table 8. Coefficients of multiple linear step-by-step regressions for the prediction of live weight for males and
females by morphometric measurements in Creole sheep of the Oaxacan Mixteca, Mexico (n = 720).

Variables Intercept b1 b2 b3 b4 b5 b6 R?
TP -22.04 0.66 - - - - - 0.85
HW + TP -29.20 0.42 0.41 - - - - 0.89
HW + CP + TP -35.64 0.38 1.06 0.37 - - - 0.90
HW+ CP+ NL + BL + TP + AP -34.05 0.25 0.98 0.13 0.13 0.19 0.10 0.91

LW, life weight; TP, thoracic perimeter; HW: height at withers; BL, back length; CP, cane perimeter; HL, head length;
NL, neck length; AP, abdominal perimeter.

Table 9. Coefficients of multiple linear step-by-step regressions in morphometric measures for the prediction
of live weight in female Creole sheep of the Oaxacan Mixteca, Mexico (n = 481).

Variables Intercept bl b2 b3 b4 b5 b6 R?
TP -20.52 0.63 - - - - - 0.83
HW + TP -27.62 0.38 0.40 - - - - 0.87
HW + TP + AP -26.25 0.38 0.19 0.18 - - - 0.88
HW + CP+ NL + BL + TP + AA -31.15 0.23 0.78 0.22 0.10 0.09 0.18 0.89

LW, life weight; TP, thoracic perimeter; HW: height at withers; BL, back length; CP, cane perimeter; HL, head length;
NL, neck length; AP, abdominal perimeter.

Table 10. Coefficients of multiple linear step-by-step regressions in morphometric measures for the prediction
of live weight in male Creole sheep of the Oaxacan Mixteca, Mexico (n = 239).

Variables Intercept b1l b2 b3 b4 b5 b6 R?
TP -24.42 0.71 - - - - - 0.90
HW + TP -30.94 0.42 0.44 - - - - 0.92
HW + HL + TP -32.23 0.30 0.69 0.37 - - - 0.93
HW+CP+HL + BL + TP + RW -36.06 0.23 0.77 0.59 0.89 0.28 0.20 094

LW, life weight; TP, thoracic perimeter; HW: height at wither; BL, back length; CP, cane perimeter; HL, head length;
NL, neck length; AP, abdominal perimeter; RW: width of the rump.



Tropical and Subtropical Agroecosystems 26 (2023): #047

Acknowledgement

We thank the technicians of AGRODER in the
collection of data and the producers of the Oaxacan
Mixteca for their hospitality.

Funding. This study was partially financed with fiscal
resources from INIFAP-México.

Conflict of interest. The authors declare that there is
no conflict of interest regarding this manuscript.

Compliance with ethical standards. The authors
declare that this study have complied with national and
international standards.

Data availability. The data is available through the
first author on request: ravaloscas@hotmail.com.

Author contribution statement (CRediT). R.
Avalos-Castro, investigation, data curation, statistical
analysis, writing-original draft. J.C. Segura-Correa,
supervision, writing-review & editing. A. Palacios-
Espinoza, Carlos Angulo, Y Tzé, F. Romero-Santillan,
review & editing. M.A. Nulutagua Hernandez,
conceptualization, methodology, supervision,
validation, project administration, review.

REFERENCIAS

Afolayan, R.A., Adeyinka, I.A. and Lakpini, C.A.M.,
2006. The estimation of live weight from body
measurements in Yankasa sheep. Czech
Journal of Animal Science, 5 (8), 343— 348.
https://www.agriculturejournals.cz/pdfs/cjs/20

06/08/03.pdf

Aparicio G.1974. Exterior de los animales domésticos.
Imprenta Moderna. Cordoba, Espafia. pp. 323

Avalos-Castro, R., Segura-Correa, C., Palacios-
Espinoza, A. and Romero-Santillan, S.F., 2022.
Growth curves through non-linear models in
creole lambs from the Mixteca region of
Oaxaca, Mexico. Tropical and subtropical
Agroecosystems, 25(2), p- #062.
http://dx.doi.org/10.56369/tsaes.4218

Bravo, S., and Sepdlveda, N., 2010. indices
zoométricos en ovejas criollas Araucanas.
International Journal of Morphology, 28(2),
pp. 489-495. http://doi.org/10.4067/S0717-
95022010000200025

Cam, M.A,, Olfaz, M. and Soydan, E., 2010. Body
measurements reflect body weights and carcass
yields in Karayaka sheep. Asian Journal of
Animal and Veterinary Advances, 5(2), pp. 120-
127.
https://doi.org/10.3923/ajava.2010.120.127

Avalos-Castro et al., 2023

Chacén, E., Macedo, F., Velazquez, F., Paiva, S.R.,
Pineda, E. and McManus, C., 2011
Morphological measurements and body indices
for Cuban Creole goats and their crossbreds.
Revista Brasileira de Zooteccnia, 40(8), pp.
1671- 1679. https://doi.org/10.1590/S1516-
35982011000800007

Chacdn-Hernandez, P. and Boschini-Figueroa, C.,
2017. Peso estimado en cabras con una cinta
comercial de  pesaje 'y  perimetro
toracico. Agronomia  Mesoamericana, 28(1),
pp. 229-236.
https://d0i:10.15517/am.v28i1.21611

Chévez, J., Cabrera, F. and Polivera, E., 1989. El ovino
criollo y su sistema de crianza. Sistemas
propios de manejo de tierras y animales en
comunidades campesinas. Huancayo. Lluvia
editores. pp. 68.

Castellaro, G., Orellana, C., Escanilla, J.P. and Ruz, Y.
2019. Estimacién del peso vivo en caprinos a
través de medidas morfométricas. Agro
Sur, 47(1), pp. 23-28.
https://doi.org/10.4206/agrosur.2019.v47n1-05

CONAGUA (Comisién nacional del agua)., 2022.
Actualizacién de la disponibilidad media anual
de agua en el acuifero Nochixtlan (2016),
estado de Oaxaca.
https://sigagis.conagua.gob.mx/gas1l/Edos Ac
uiferos_18/oaxaca/DR_2016.pdf

De Aluja, A.S., Tapia, P.G., Ldpez, F. and Pearson,
R.A., 2005. Live weight estimation of donkey
in Central Mexico from measurement of
thoracic circumference. Tropical Animal
Health and Production, 37(1), pp. 159-171.
https://doi.org/10.1007/s11250-005-9007-0

Dekhili, M., 2014. A morphometric study of sheep
reared in North-East Algerian. Archivos de
Zootecnia, 63(244), pp. 623-631.

Dossa, L.H., Wollny, C. and Gauly, M., 2007. Spatial
variation in goat populations from Benin as
revealed by multivariate analysis of
morphological traits. Small Ruminant
Research. 73, pp. 150-159.
https://doi.org/10.1016/].
smallrumres.2007.01.003

Eyduran, E., Karakus, K., Karakus, S. and Cengiz, F.,
2009. Usage of factor scores for determining
relationships among body weight and some
body measurements. Bulgarian Journal of
Agricultural Science, 15(4), pp. 373-377.


https://www.agriculturejournals.cz/pdfs/cjs/2006/08/03.pdf
https://www.agriculturejournals.cz/pdfs/cjs/2006/08/03.pdf
http://dx.doi.org/10.56369/tsaes.4218
http://doi.org/10.4067/S0717-95022010000200025
http://doi.org/10.4067/S0717-95022010000200025
https://doi.org/10.3923/ajava.2010.120.127
https://doi.org/10.1590/S1516-35982011000800007
https://doi.org/10.1590/S1516-35982011000800007
https://doi:10.15517/am.v28i1.21611
https://doi.org/10.4206/agrosur.2019.v47n1-05
https://sigagis.conagua.gob.mx/gas1/Edos_Acuiferos_18/oaxaca/DR_2016.pdf
https://sigagis.conagua.gob.mx/gas1/Edos_Acuiferos_18/oaxaca/DR_2016.pdf
https://doi.org/10.1007/s11250-005-9007-0
https://doi.org/10.1016/j.%20smallrumres.2007.01.003
https://doi.org/10.1016/j.%20smallrumres.2007.01.003

Tropical and Subtropical Agroecosystems 26 (2023): #047

https://www.cabdirect.org/cabdirect/abstract/2
0103354052

Falcon, V.R., Espinoza, E.M., Huaman, R.N.T.,
Latorre, M.F., Condori, W.G.L. and Yanqui,
E.A., 2020. Modelo de regresidn lineal multiple
del peso vivo de ovejas de raza AsBlack en
funcién de variables
zoométricas. Ceprosimad, 8(2), pp. 13-29.
https://www.journal.ceprosimad.com/index.ph
p/ceprosimad/article/view/108

FAO (Food and Agriculture Organization)., 2013.
Caractérisation phénotypique des resources
genétiques animales. Directives FAO sur la
production et la santé animales No. 11. Rome,
Italy.

Herrera, M. and Luque, M., 2009. Morfoestructura y
sistemas para el futuro en la valoracion
morfol6gica. En: Valoracién Morfoldgica de
los animales domésticos. Safiudo, A. C. (Ed.).
Madrid, Ministerio de Medio Ambiente y
Medio Rural y Marino.

Jaramillo, L.E., Perezgrovas, R., Rodriguez, G.G.,
Molinar, H.F., Rubio, T.E., Tania, K.P. and
Zaragoza, L., 2009. Caracterizacién del ovino
Tarahumara para su conservacion bioldgica.
Ciencia en la frontera: Revista de Ciencia y
Tecnologia de la UACJ, 8, pp. 51-56.
https://erevistas.uacj.mx/ojs/index.php/cienciaf
rontera/issue/view/136/179

Leroy, G., Besbes, B., Boettcher, P., Hoffmann, I.,
Capitan, A. and Baumung, R., 2015. Rare
phenotypes in domestic animals: unique
resources for multiple applications. Animal
Genetics, 47(2), pp. 141-153.
https://doi.org/10.1111/age.12393

Martinez-Pefia, M., Villagbmez-Cortés, J.A. and
Mora-Brito, A.H., 2018. Rentabilidad del
sistema de produccion ovina en el bajo Mixe,
Oaxaca, México. Agrociencia, 52 (numero
especial), pp. 107-122.

Méndez-Gomez, A.C., Lopez-Ordaz, R., Peralta-
Lailson, M., Ulloa-Arvizu, R., Pedraza-
Villagbmez, P., Ruiz-Lépez, F.J., Berruecos-
Villalobos, J.M. and Vasquez-Peldez, C.G.,
2014. Estimacion de heredabilidad de la curva
de crecimiento en el borrego de raza Chiapas en
México. Animal Genetic Resources, 54, pp. 85—
91.
https://doi.org/10.1017/S2078633613000519

Mirkena, T., Duguma, G., Haile, A., Tibbo, M.,
Okeyo, M. A., Wurzinger M. and Solkner J.,

Avalos-Castro et al., 2023

2010. Genetics of adaptation in domestic farm
animals: A review. Livestock Science, 132(1—
3), pp. 1-12.
https://doi.org/10.1016/j.livsci.2010.05.003

Ojonegecha, A.C., Arome, M.A., Joseph, 0.J,
Atokolo, O.F., Theophilus, E.A. and Jude, E.,
2020. Principal component analysis of body
measurements of Yankassa sheep in Anyigba,
Kogi State, Nigeria. Animal and Veterinary
Sciences, 8 (2), pp. 45-50.
https://doi.org/10.11648/j.avs.20200802.12

Okpeku, M., Yakubu, A., Peters, S.0., Ozoje, M.O.,
lkeobi, C.O.N., Adebambo, O.A. and
Imumorin, 1.G., 2011. Application of
multivariate principal component analysis to
morphological characterization of indigenous
goats in Southern Nigeria. Acta Agriculturae
Slovenica, 98 (2), pp. 101- 1009.
https://doi.org/10.2478/v10014-011-0026-4

Perezgrovas, G.R. and Castro, G.H., 2000. El borrego
Chiapas y el sistema tradicional de manejo de
ovinos entre las pastoras tzotziles. Archivos de
Zootecnia, 49, pp. 391- 403.
https://www.redalyc.org/articulo.0a?id=49518
709

Raji, A.O., lgwebuike, J.U. and Aliyu, J., 2008.
Testicular biometry and its relationship with
body weight of indigenous goats in a semi arid
region of Nigeria. ARPN Journal Agricultural
Biological Science, 3, pp. 6-9.

Resende, K.T., Medeiros, A.N., Calegari, A., Yafiez,
E.A., Sobrinho, A.S, Pereira-Filho, J.M. and
Teixeira, I.LA.M., 2001. Utilizacion de medidas
corporales para estimar el peso vivo de caprinos
Saanen. 26° jornadas cientificas internacionales
de la sociedad espafiola de ovinotecnia y
caprinotecnia. Sevilla, Espafia: pp. 340 — 344.

Ribeiro, M.N., Silva, J.D. da, Filho Pimenta, E.C. and
Sereno, J.R.B., 2004a. Estudio de las
correlaciones entre caracteristicas fenotipicas
de caprinos naturalizados. Archivos de

Zootecnia, 53(203), pp. 337 - 340.
https://www.redalyc.org/articulo.oa?id=49520
313

Ribeiro, N.L., Medeiros, A.N., Ribeiro, M.N., Filho
Pimenta, E.C., 2004b. Estimacién del peso vivo
de caprinos autéctonos brasilefios mediante
medidas  morfométricas.  Archivos  de
Zootecnia, 53(203), pp. 341-344

Salako, A.E., 2006. Application of morphological
indices in the assessment of type and function


https://www.cabdirect.org/cabdirect/abstract/20103354052
https://www.cabdirect.org/cabdirect/abstract/20103354052
https://www.journal.ceprosimad.com/index.php/ceprosimad/article/view/108
https://www.journal.ceprosimad.com/index.php/ceprosimad/article/view/108
https://erevistas.uacj.mx/ojs/index.php/cienciafrontera/issue/view/136/179
https://erevistas.uacj.mx/ojs/index.php/cienciafrontera/issue/view/136/179
https://doi.org/10.1111/age.12393
https://doi.org/10.1017/S2078633613000519
https://doi.org/10.1016/j.livsci.2010.05.003
https://doi.org/10.11648/j.avs.20200802.12
https://doi.org/10.2478/v10014-011-0026-4
https://www.redalyc.org/articulo.oa?id=49518709
https://www.redalyc.org/articulo.oa?id=49518709
https://www.redalyc.org/articulo.oa?id=49520313
https://www.redalyc.org/articulo.oa?id=49520313

Tropical and Subtropical Agroecosystems 26 (2023): #047

in sheep. International Journal of Morphology,
24(1), pp. 13-18.
https://doi.org/10.4067/S0717-
95022006000100003

SAS (Statistical Analysis Software)., 2014. SAS —

Statistical Analysis Software for Windows ver
9.3. Cary, NC: SAS Inst. Inc.

Souza, S., Leal, A., Barioni, C., Matos, A., Morais, J.,

Aradjo, M., Neto, O.S.A. and Costa, E.R.,
2009. Utilizacdo de medidas biométricas para
estimar peso vivo em ovinos. Archivos
Latinoamericana de Produccion Animal, 17
(3), pp. 61-66.
https://dialnet.unirioja.es/servlet/articulo?codig
0=3670388

Sowande, O.S., Oyewale, B.F., lyasere, O.S., 2010.

Age and sex dependent regression models for

10

Avalos-Castro et al., 2023

predicting the live weight of West African
Dwarf goat from body measurements. Tropical
Animal Health and Production, 42(5), pp. 969—
975. https://doi.org/10.1007/s11250-009-9515-
4

Whannou, H.R.V., Afatondji, C.U., Ahozonlin, M.C.,

Spanoghe, M., Lanterbecq, D., Demblon, D.,
Houinato, M.R.B. and Dossa, L.H., 2021.
Morphological  variability ~ within  the
indigenous sheep population of Benin. PLoS
ONE, 16(10), p. e0258761.
https://doi.org/10.1371/journal.pone.0258761

Yakubu, A., 2009. Fixing collinearity instability in the

estimation of body weight from morpho-
biometrical traits of West African Dwarf goats.
Trakia Journal of Sciences, 7(2), pp. 61-66.
https://www.cabdirect.org/cabdirect/abstract/2
0093228644



https://doi.org/10.4067/S0717-95022006000100003
https://doi.org/10.4067/S0717-95022006000100003
https://dialnet.unirioja.es/servlet/articulo?codigo=3670388
https://dialnet.unirioja.es/servlet/articulo?codigo=3670388
https://doi.org/10.1007/s11250-009-9515-4
https://doi.org/10.1007/s11250-009-9515-4
https://doi.org/10.1371/journal.pone.0258761
https://www.cabdirect.org/cabdirect/abstract/20093228644
https://www.cabdirect.org/cabdirect/abstract/20093228644

