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Abstract

The aim of the present study was to characterize morpho-structurally the Creole goat of
the municipality of Cuajinicuilapa, Guerrero. The dispersion of most of the studied body
measurements showed a coefficient of variation (CV) with a range of 10.91% (height to the
cross, HC) and 32.95% (rump width, RW). The little variation between the HC (65.97 cm)
and height at the rump (HR, 64.92 cm) makes it possible to differentiate an inclination of
the back train the previous one of the animal. On the other hand, some corporal measures
considered of economic importance for the meat genotype HC (65.97%), thoracic perimeter
(TP, 74.68 cm) and body length (BL, 68.92 cm), little variation between these variables was
observed. On the other hand, the cephalic measurements found in this work were width of
the orbital head (WOH, 22.38%), long head LH (12.37%), snout diameter (SD, 15.71%)
and ear length (EL, 17.91%). On the other hand, in the analysis of the main components
of the Creole goats: LH, HC, HR, height to the sternum (HS), TP, abdomen perimeter
(AP), shoulder width (SW) and bicostal diameter (BD) It was found that the variables live
weight (LW) and HC presented more than 98% of the variability of the data. In the case
of the variables of body condition (BC), AP, BD, they correlated positively with the LH;
the SW and DB with the BL; HR and AP with HC; the AP with the TP; with the diameter
of the shoulders (DS) with AP and tail length (TL); perimeter of the fetlock (PF), DS; LT
with the length of the udder (LU) and the length of the horns (LH) (¥*P<0.0001). On the
other hand, the variables that have *P<0.05, have a moderate correlation between them. In
conclusion, the Creole goats of the municipality of Cuajinicuilapa, Guerrero show a great
variability in their morpho-structural characteristics. It was found that the variables LW and
HC presented more than 98% of the variability of the data, also a positive correlation was
found between the studied characteristics.
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Introduction

Goats were introduced to Mexico by the Spaniards during the
conquest in the sixteenth century. The main breeds that arrived the
country and gave rise to the Mexican Creole goat were the White
Celtiberica, the Murciana and the Granadina.' The “Creole” of this
cattle was probably due to the isolation, the main force of several
geographically different local goat populations. A well-marked
situation in the country, while further south the frequency of pure
Creole flocks increases.'? The morpho-structural characteristics of the
mexican Creole goats are differentiated by two types of animals: small
(25-32 kg and 60 cm of height at the cross in adult goats) in the center
and southwest of the country, and medium (30-40 kg in adults goats)
in arid and semi-arid regions of the country.** On the other hand, the
characteristics of Creole goats from Central America (smaller size,
28kg, 71 cm thoracic circumference and 64 cm height at the cross)?
are smaller than those of Mexico and the Caribbean (18.2-34.4 kg and
height at the cross 50 cm).® However, due to the lack of information
of their origin, reproductive management, genotypic and phenotypic

characterization; isn’t possible to differentiate the genetic composition
of the goats flocks.” In developing countries like Mexico it’s necessary
to design reproductive and genetic improvement programs more
efficient where genetic differences are involved between populations
of production systems, this will allow to decide which genotypes
introduce to the flocks to make them more efficient.®

Faced with this situation, the strategy of many government and
commercial programs was to introduce genetic material from the
United States of America (USA) to absorb the “Creole” goat cattle and
obtain fine animals, however, this was not adopted by the producers
and there’s a mixture of breeds that is difficult to differentiate.” For
example, in the states that are on the border with the USA, the Creole
goat was practically lost, due to the use of European breed male
goats in the flocks of Creole goats.? According to the FAO, to protect
animal genetic resources, it’s necessary to establish an inventory and
characterization of them, follow up and early responses.” In Mexico
there is an inventory of goats of about 9 million, of which they are
used as a double purpose (meat and milk). For its part, the state of
Guerrero ranks fourth nationally with 655,055 head of goat cattle,
used for meat production.'” In the municipality of Cuajinicuilapa
Guerrero, the Creole goat morphostructurally is of small size much
more marked in some herds than in others."" However, an increase
in the size and weight of some specimens has been observed; this
is probably due to the introduction of genetic material for meat as
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Nubian stallions and more recently the Boer.!'> There are some easy
and simple tools such as body measurements that allow livestock
to characterize morphostructurally,”® however, there are currently
some more specialized genetic tools such as morphological and
biochemical markers.'* As well as, several molecular genetic markers
such as restriction fragment length polymorphisms, deoxyribonucleic
acid, random amplified polymorphism and variable number of repeats
in tadem, microsatellites and polymerase chain reaction; confirming
with more accuracy the genetic nucleus to which each evaluated
herd belongs.'*!® Therefore, the aim of the present study was to
phenotypically characterize the Creole goat from the municipality of
Cuajinicuilapa, Guerrero.

Materials and methods

The experimental procedures were carried out according to
the Official Mexican Norm; NOM-062-Z0O0-1999, with technical
specifications for the production, use and care of laboratory animals.'®
As well as accepted guidelines for the ethical use, care and welfare of
animals used in research according to international standards.!’

Study area

The present study was conducted during the months of March to
June of 2017 in the municipality of Cuajinicuilapa, Guerrero, Mexico.
Which is part of the Costa Chica region of the state and belongs to the
tropics (latitudes: 16° 28’ of LN and 98° 25” of LO), has maximum
average temperatures (33.6°C) during the summer and minimum
(21.2°C) during the winter.'

Animals and sampling

Were randomly sampled 300 empty, multiparous Creole goats
(Capra hircus), with average live weight of 33.44+0.03 and body
condition of 2.8+0.001 (scale 1 (thin) to 4 (fat) with increments
between units of 0.5)." These females belonged to 30 flocks of 6
communities of the municipality: Cuajinicuilapa, San Nicolas, El
Pitahayo, Montecillos, Maldonado and Punta Maldonado. In each
community, 50 goats from 5 flocks (10 per flock) were measured. In
the region a subsistence goat production is practiced, in the morning
(0800h) the animals are taken out to graze and in the evenings-
nights (1900 h) they are enclosed in open pens without nutritional
supplementation. The criteria for the selection of flocks and animals
were: with permission of the goatchers, the distance between flocks
and the density of the animals.

Study variables

The phenotypic characteristics of the goats were obtained with
measurements according to the methodology described by Agraz-
Garcia® Body length (BL), height to the cross (HC), height at the
rump (HR), height at the sternum (HS), thoracic perimeter (TP),
abdomen perimeter (AP), shoulder width (SW), bicostal diameter
(BD), rump width (RW), width of the orbital head (WOH), length
of head (LH), snout diameter (SD), length of ear (LE), perimeter
of fetlock (PF), tail length (TL), length of udder (LU) weight live
(WL) and body condition (BC). All measurements were made by 3
people previously trained, one of them was responsible for catching
the goat and hold it during the measurement process, the second made
the body measurements and the third recorded the measurements.
Definitions: Body length (BL), height to the cross (HC), height at
the rump (HR), height at the sternum (HS), thoracic perimeter (TP),
abdomen perimeter (AP), shoulder width (SW), bicostal diameter
(BD), rump width (RW), width of the orbital head (WOH), length of
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the head (LH), snout diameter (SD) and length of the ear (LE).
Statistical analysis

To carry out the measurements, a metric tape graduated in
centimeters was used, as well as sheets and pen to record the data.
Calculations of central tendency and dispersion measures were
performed. To study the variability among goats, their degree of
similarity and the association between the variables, the principal
components analysis was used. This analysis seeks to reduce the
dimension of the space in which the original variables are represented,
which in this case are quantitative, to detect structures of variability
and, perform groupings by similarity of the female goats.”! All data
were analyzed with the statistical program R version 2.10.0 (2009-10-
26) Copyright (C) 2009 The R Foundation for Statistical Computing.*

Results and discussion

Use of basic statistics in the morpho-structural
measurements of goats

In the study it was found that most of the data presented a wide
dispersion 10.91% (HC) and 32.95% (RW); reflecting that the sample
studied had a high degree of homogeneity. The variables related to
the HC (10.91%) and HR (14.94%), allow to define the body profile
of the goats. Indeed, the little variation between the HC (64.92 cm)
and HR (65.97 cm) denotes a tilt of the train posterior to the previous
one of the animal (Table 1). Therefore, it can be considered that the
studied goats are of small size, below 68 to 78 cm measures that have
some Spanish breeds such as Payoya, Granadina, Malagueiia; among
others.” They can also be considered to be on the border between
small (51-55 cm) and large breeds (>65 c¢cm).>* Other researchers'?
recorded values similar to those of the present study in Creole goats
of the Caribbean, Central America, South America and Brazil (range:
49-69 cm). On the other hand, some body measurements considered
as genotype economic importance for meat: HR (65.97 cm), TP (74.68
cm) and BL (68.92 cm) had little variation among them, this shows
that there have been few changes in the size and corpulence of this
goat population of this municipality of Costa Chica of Guerrero. This
is very likely due to the fact that smaller goats consume less food and
have more facilities to move and find less competition.

Table | Basic statistics analysis of the morphometric measurements of the
Creole goats of the municipality of Cuajinicuilapa, Guerrero

Variable

n=300 Average ED Minimum Maximum CV

BL 68.92 9.34 45 89 13.55
HC 65.97 72 39 89 10.91
HR 64.92 9.7 30 86 14.94
HS 4091 6.27 29 70 15.32
TP 74.68 10.32 31 101 13.81
AP 8451 13.15 36 118 15.56
SW 43.81 9.93 18 96 22.66
RW 17.62 5.8 I 66 3291
WOH 14.61 3.27 10 41 22.38
LH 21.57 2.67 12 30 12.37
SD 22.14 3.48 2 36 1571
LE 17.91 3.68 8 29 20.54

Citation: Valencia-Franco E, Garcia y GEC, Soni-Guillermo E, et al. Morphostructural characterization of the Creole goat (Capra hircus) of the municipality of
Cuajinicuilapa, on the Costa Chica of Guerrero, Mexico. Open Access | Sci. 2019;3(3):84-88. DOI: 10.15406/0ajs.2019.03.00136


https://doi.org/10.15406/oajs.2019.03.00136

Morphostructural characterization of the Creole goat (Capra hircus) of the municipality of Cuajinicuilapa,

on the Costa Chica of Guerrero, Mexico

In this context, Aparicio®® mentions that TP (74.68 cm) reflects
the variations in the shape of the thorax at higher value (it’s more
circular) as in beef cattle and at lower value (more elliptical) as in
cattle milk. In this context, the Creole goats studied in the present
study have the characteristics of specialized goats for meat presenting
the most circular thorax. This was demonstrated by the cephalic
measures (WOH, 22.8%, BL, 12.37%, SD, 15.71% and LE, 17.91%)
found in the present work; the representative feature is LE, which was
similar to the one reported by Dorantes® in Amatepec and Tejupilco
State of Mexico, and superior to that reported (15.37 cm) by Abarca
et al.”’ in Colima, and De los Santos® in the Valley of the Free Puebla.
These characteristics of small body size goats are probably due to
the fact that this nucleus of Creole animals have been set apart in
the Costa Chica region of the state where at some times of the year
food is lacking and the environmental temperatures are high during
the summer, situations that they contributed strongly to the survival
of the animals.

Main components and correlation between variables

In the analysis of the main components of the Creole goats: BL,
HC, HR, HS, TP, AP, SW, BD it was found that the variables LW and
HC presented more than 98% of the variability of the data (Figure 1).
On the other hand, the values of correlation between the morphometric
measurements of goats are presented in Table 2 and Figure 2. In effect,
the variables BC, AP, BD, correlated positively with the LW; the SW
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and BD with the BL; HR and AP with HC; the AP with the TP; SD with
AP and LT; PF with the SD; LT with the LD and the LH (**P<0.0001).
On the other hand, the variables that have *P<(.05, have a moderate
correlation between them. On the other hand, the variables that
present a negative correlation are indicated by a * and a negative
sign. Finally, the variables that do not correlate do not present any
sign that differentiated them (P>0.05). The biometric characteristics
of small ruminants are related to economic and productive functions,
instead; the external characters of an animal vary according to its
zootechnical function (meat or milk). For example, sheep that produce
meat must have a thin skeleton, a long and broad body, denoting good
musculature.”” In the present study a high correlation (>0.50) of LW
was found with some variables of economic importance for meat
goats; BC, AP, BD, SW and HR;''* although this cattle retains some
phenotypic characteristics similar to the Spanish milk goats.® Other
studies®® indicate that most of the variables are moderately related
(>0.40 and <0.50) among them: BL, HC, RW, HS and TP. For its part,
the relationship between variables decreases as also change the bodily
characteristics of economic importance. These results indicate that
there is an important correlation between the corporal characteristics
of the local goats of the municipality of Cuajinicuilapa, Costa Chica
region, serving as an indicator to select quantitative characteristics of
the carcass. This is important since the state of Guerrero is among the
main producers of goats in the country, and this is sold in the local
market mainly for barbecue (Figure 3).

Table 2 Pearson correlation between morphometric measurements of Creole goats from the municipality of Cuajinicuilapa, Guerrero

HC HR HS TP AP SwW
BL 0.58%  0.35% 037+  0.34% 0.28** 0.43**
HC - 0.53%F  0.38%  0.36%* 0.4%* 0.34%*
HR - 0.31%F  0.35%* 0.29%* 0.14*
HS - 0.16* 0.09%* 0.28%*
TP - 0.57%* 0.08
AP - 0.14*
SW -
BD
RW
WOH
BL
SD
LE

BD RW WOH BL SD LE PF
0.4%* 0.16* 0.22%* 0.28** 0.07 0.29%* 0.02
0.25%* 0 0.11 0.33%* 0.21%* 0.31%* 0.11
0.11* 0.08 -0.13 0.31%* 0.23%* 0.29%* 0.03
0.28%* 0.33%* 0.12* 0.08 -0.08 0.21* -0.17
0.18* 0.04 0.07 0.38** 0.37%* 0.08 0.14%*
0.36** 0.02 0 0.38** 0.53** 0.07 0.3 1%
0.35%* 0.29%* 0.1 0.07 | 0.21* 0.12%
- 0.13* 0 0.22 0.2%* 0.31%* 0.03
- 0.11* -0.02 0.02 0.12% -0.01
- 0.1 0.05 -0.1 1% 0.24%*
- 0.43%* 0.16* 0.18*
- 0.07 0.46%*
- -0.06

Citation: Valencia-Franco E, Garcia y GEC, Soni-Guillermo E, et al. Morphostructural characterization of the Creole goat (Capra hircus) of the municipality of
Cuajinicuilapa, on the Costa Chica of Guerrero, Mexico. Open Access | Sci. 2019;3(3):84-88. DOI: 10.15406/0ajs.2019.03.00136


https://doi.org/10.15406/oajs.2019.03.00136

Morphostructural characterization of the Creole goat (Capra hircus) of the municipality of Cudgjinicuilapa,

on the Costa Chica of Guerrero, Mexico

b

Figure | Some morpho-structural measurements recorded in the present
study are exemplified.?
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Figure 2 The linear discriminant coefficients (LD) for the LW and HC have
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Figure 3 The discriminant analysis is presented in which the variables BL,
HC and TP have a higher correlation and the dispersion of the data is lower.
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Conclusion

The Creole goats of the municipality of Cuajinicuilapa, Guerrero
show a great variability in their morpho-structural characteristics. It
was found that the variables LW and HC presented more than 98%
of the variability of the data, also a positive correlation was found
between the studied characteristics. Some predominant characteristics,
such as goat cephalic measurements, maintain similarities with the
Spanish dairy goat breeds, phenotypically highlight the characteristics
of goats with economic value for meat. The present study evidenced
the formation of new phenotypes, product of the crosses with other
breeds like the Boer recently introduced to the local flocks. The
characterization of this cattle will allow to take actions to conserve
the Creole genotype of tropical regions like the ones presented by the
Costa Chica region of the state of Guerrero.

Acknowledgments

The authors thank the goat producers of the municipality of
Cuajinicuilapa Guerrero for the facilities granted during the process
of body measurements of the goats. Also, to the research groups
“Sistemas de Produccion Animal (ESMVZ-3/UAGro) and Zootecnia
y Bienestar Animal (FMVZ/BUAP)” for the work and close
collaboration. Finally, to M.S. Guillermo Nochebuena for carrying
out the statistical analysis and the students of the career of Veterinary
Medicine and Zootechnician (generation 2015-2020), of the FMVZ-2,
UAGro for the technical assistance during the study.

Conflicts of interest

All authors manifest that there’s no conflict of interest.

References

1. Mellado M. La cabra criolla en América Latina. Veterinaria México.
1997;28(4):333-343.

2. Montaldo HH, Meza CA. Genetic goat resources in Mexico: bio-
economical efficiency of local and specialised genotypes. Wool
Technology and Sheep Breeding. 1999;47:184—-198.

3. Bucardo Al, Lepiz LH. Situacién actual de la ganaderia caprina en
el estado de Oaxaca. En: Memorias de la VIII Reunion Nacional de
Caprinocultura. Instituto Tecnoldgico Agropecuario de Oaxaca, Oaxaca,
México. 1992.

4. Valencia CM. Andlisis de un sistema de produccion caprina en la
Comarca Lagunera. Memorias de la V Reunion Nacional sobre
Caprinocultura; Zacatecas (Zac) México. Zacatecas (Zac): Facultad de
Medicina Veterinaria y Zootecnia, Universidad Auténoma de Zacatecas.
1989. p. 1-14.

5. Castillo R, Torres A. Caraterizacion zoométrica y fenotipica de cabras
“criollas” en el municipio de Nentoén, Huehuetenango. Memorias del
1I Seminario Centroamericano y del Caribe sobre Agroforesteria con
Rumiantes Menores. Seccion de Sanidad y Produccion.. Costa Rica:
Instituto Nacional de Aprendizaje, 1993:S/P. 1993. p. 15-18.

6. Chemineau P, Cognie Y, Xande A, et al. Le Cabrit Créole et ses
caractéristiques zootechniques (monographie). Nousiily, France: Institut
National de la Recherche Agronomique. 1983;37(2):225-238.

7. Mason IL. Sheep and goat production in the drought polygon of northeast
Brazil. World Animal Review. 1980;34:23-28.

8. Hall SJG, Ruane J. Livestock breeds and their conservation - a global
overview. Conservation Biology. 1993;7(4):815-825.

9. FAO. Plan de acciébn mundial sobre los recursos zoogenéticos y la
declaracion de Interlaken, editado por la Comision de Recursos
Genéticos para la Alimentacion y la Agricultura. Roma. 2007.

Citation: Valencia-Franco E, Garcia y GEC, Soni-Guillermo E, et al. Morphostructural characterization of the Creole goat (Capra hircus) of the municipality of
Cuajinicuilapa, on the Costa Chica of Guerrero, Mexico. Open Access | Sci. 2019;3(3):84-88. DOI: 10.15406/0ajs.2019.03.00136


https://doi.org/10.15406/oajs.2019.03.00136
https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=21065
https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=21065
https://agritrop.cirad.fr/446641/1/ID446641.pdf
https://agritrop.cirad.fr/446641/1/ID446641.pdf
https://agritrop.cirad.fr/446641/1/ID446641.pdf
http://agris.fao.org/agris-search/search.do?recordID=XL2012003693
http://agris.fao.org/agris-search/search.do?recordID=XL2012003693
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1523-1739.1993.740815.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1523-1739.1993.740815.x

Morphostructural characterization of the Creole goat (Capra hircus) of the municipality of Cuajinicuilapa,

on the Costa Chica of Guerrero, Mexico

10.
11.

20.

. SAGARPA.

SIAP con informacion de la Delegacion de SAGARPA. 2015. p. 1-1.

Garcia y EC, Vicente R, Martinez S. Caracterizacion morfoestructural
de las cabras mestizas del municipio de Cuajinicuilapa, Guerrero.
Presentado en la XXIX Reunion Nacional e Internacional sobre
Caprinocultura, del 11 al 13 de octubre de 2017, Cuautitlan, Estado de
México, México. 2017.

. Ponce-Covarrubias JL, Romero-Rodriguez PI, Garcia y Gonzalez EC.

El uso de las mediciones corporales evidencia el genotipo de las cabras
criollas. Revista Académica del Quehacer Universitario. 2018;1(2):12—
16.

. Agraz-Garcia A. Medidas zoométricas de tres razas caprinas en

Argentina. Hemisferio Sur. 1976:268.

. Koreth J, O'Leary JJ, O'dMcgree. Microsatellites and PCR genomic

analysis. Journal of Pathology. 1996;178(3):239-248.

. Beckmann JS, Weber JL. Survey of human and rat microsatellites.

Genomics. 1992;12(4):627-631.

Norma  Oficial Mexicana ~NOM-062-ZOO-1999,
Especificaciones técnicas para la produccion, cuidado y uso de los
animales de laboratorio. Secretaria de Agricultura, Ganaderia,
Desarrollo Rural, Pescay Alimentacion. Diario Oficial de la Federacion,
22 de Agosto de. 2001.

. Federation of Animal Science Societies. Guide for the care and use of

agricultural animals in research and teaching. Champaign, IL 2010;129—
142.

. Garcia E. Modificaciones al sistema de clasificacion climatica de

Koeppen. 2da edn. Instituto de Geografia, Universidad Nacional
Autonoma de México, México, D.F, México. 1973;11-90.

. Honhold N, Petit H, Halliwell W. Condition scoring scheme for small

east african goats in zimbabwe. Tropical Animal Health and Production.
1989;21(2):121-127.

Morales-delaNuez A, Rodriguez C, Santana M, et al. Morphological
measurements and indexes as a tool to support molecular genetic studies:
an example in Canary Islands. Journal of Applied Animal Research.
2012;40(3):2015-221.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Copyright:
©2019 Valencia-Franco et al. 8

Bramardi SJ. Estrategias para el andlisis de datos en la caracterizacion
de recursos naturales. Tesis doctoral. Universidad Politécnica de
Valencia. Departamento de Estadistica e Investigacién Operativa. 2000.

Development Core Team. A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.
ISBN 3-900051-07-0. 2009.

Capote J, Delgado J, Fresno M, et al. Morphological variability in the
canary goat population. Small Ruminant Research. 1998; 27(2):167-172.

Devendra C, McLeroy GB. Goat and sheep production in the tropics. 2™
edn. Longman (ELBS edition), London. 1982;11-34.

Aparicio SG. Exterior de los animales domésticos. Imprenta moderna.
Cordoba Espafia. 1974;323.

Dorantes CEJ. Estudio preliminar para el establecimiento de un
programa de mejoramiento genético de cabras, en el Estado de México
(Tesis de Doctorado,; 2013). Colegio de Postgraduados, Texcoco, Estado
de México. 2013.

Abarca VD, Arredondo RV, Molina OJ. Medidas corporales y armonia
morfoestructural de la cabra criolla de la subprovincia fisiografica
volcanes de Colima. Memorias del XLI Congreso Nacional de Buiatria
Acapulco, Guerrero, México. 2017;505-5011.

De los Santos PT. Caracterizacion fenotipica de las poblaciones de cabras
lecheras en el Valle de Libres, estado de Puebla (Tesis de Maestria; 2011).
Colegio de Postgraduados, Puebla, Puebla.

Rosanova C, Silva-Sobrinho AG, Gonzaga-Neto SA. Raga Dorper
e sua caracterizagdo produtiva e reprodutiva. Veterinarias Noticias,
Uberlandia. 2005;11(1):127-135.

Okpeku M, Yakubu A, Peters SO. Aplication of multivariate principal
component analysis to morphological characterization of indigenous
goats in southern Nigeria. Acta Argiculturae Slovenica. 2011;98(2):101—
109.

Citation: Valencia-Franco E, Garcia y GEC, Soni-Guillermo E, et al. Morphostructural characterization of the Creole goat (Capra hircus) of the municipality of
Cuajinicuilapa, on the Costa Chica of Guerrero, Mexico. Open Access | Sci. 2019;3(3):84-88. DOI: 10.15406/0ajs.2019.03.00136


https://doi.org/10.15406/oajs.2019.03.00136
https://www.gob.mx/cms/uploads/attachment/file/165999/caprino.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291096-9896%28199603%29178%3A3%3C239%3A%3AAID-PATH506%3E3.0.CO%3B2-5
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291096-9896%28199603%29178%3A3%3C239%3A%3AAID-PATH506%3E3.0.CO%3B2-5
https://www.ncbi.nlm.nih.gov/pubmed/1572635
https://www.ncbi.nlm.nih.gov/pubmed/1572635
http://www.publicaciones.igg.unam.mx/index.php/ig/catalog/book/83
http://www.publicaciones.igg.unam.mx/index.php/ig/catalog/book/83
http://www.publicaciones.igg.unam.mx/index.php/ig/catalog/book/83
https://link.springer.com/article/10.1007/BF02236191
https://link.springer.com/article/10.1007/BF02236191
https://link.springer.com/article/10.1007/BF02236191
https://www.tandfonline.com/doi/abs/10.1080/09712119.2012.658062
https://www.tandfonline.com/doi/abs/10.1080/09712119.2012.658062
https://www.tandfonline.com/doi/abs/10.1080/09712119.2012.658062
https://www.tandfonline.com/doi/abs/10.1080/09712119.2012.658062
https://www.gbif.org/en/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.gbif.org/en/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.gbif.org/en/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.sciencedirect.com/science/article/pii/S0921448897000473
https://www.sciencedirect.com/science/article/pii/S0921448897000473
https://www.academia.edu/11803499/Application_of_multivariate_principal_component_analysis_to_morphological_characterization_of_indigenous_goats_in_Southern_Nigeria
https://www.academia.edu/11803499/Application_of_multivariate_principal_component_analysis_to_morphological_characterization_of_indigenous_goats_in_Southern_Nigeria
https://www.academia.edu/11803499/Application_of_multivariate_principal_component_analysis_to_morphological_characterization_of_indigenous_goats_in_Southern_Nigeria
https://www.academia.edu/11803499/Application_of_multivariate_principal_component_analysis_to_morphological_characterization_of_indigenous_goats_in_Southern_Nigeria

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and methods 
	Study area 
	Animals and sampling 
	Study variables 
	Statistical analysis 

	Results and discussion 
	Use of basic statistics in the morpho-structural measurements of goats
	Main components and correlation between variables 

	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2 

