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ABSTRACT

The objective of the study was to evaluate morphometric variables (MV) and structural indices
(SD) in local goat populations from three geographic regions of Mexico: Coahuila, Zacatecas, and
Guerrero. Al total of 194 adult, non-pregnant goats, owned by smallholder farmers and managed
under extensive conditions were utilized in the study without prior sampling selection. The sample
included 71 goats from Coahuila, 50 from Zacatecas, and 73 from Guerrero. Live weight (LW) and
12 MV were recorded for each animal and used to calculate 14 SI: body index, compactness index,
cephalic index, cranial index, pelvic index, dactyl-thoracic index, dactyl-costal index, relative
shortness index, length index, longitudinal pelvic index, transverse pelvic index, relative cannon
thickness index, and body capacity indices 1 and 2. Statistical analyses included analysis of variance
(ANOVA) to assess differences among regions and correlation analysis to evaluate relationships
between MV and SI. Significant differences (P<0.05) in LW and 10 of the 12 morphological variables
were observed among regions. Higher values for LW, chest width, head width, and cannon bone
perimeter were recorded in goats from Coahuila and Zacatecas. Skull and rump lengths were greater
(P<0.05) in goats from Zacatecas and Guerrero, whereas head length and skull width were higher
(P<0.05) in Guerrero. In contrast, body length and withers height were greater in goats from Coahuila
(P<0.05). Phenotypic correlations among MV indicated a high degree of body harmony within these
populations. Ethnological SI indicated that goats across the three regions are classified as brevilinear,
dolichocephalous, and convexilinear. SI related to productive aptitude indicated that goats from
Guerrero are primarily dairy animals, while those from Coahuila and Zacatecas are dual-purpose
animals (meat and milk production).
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INTRODUCTION

The large area in Latin America and the
Caribbean currently occupied by ecosystems with
adverse environmental conditions is expected
to expand due to the effects of climate change,
which represents an opportunity to develop
resilient food production systems based on native
zoogenetic resources (Nufiez-Dominguez et al.,
2016). The first domestic animals introduced to
the American continent from Europe and Africa
at the beginning of the 16th century included
chickens, pigs, goats, sheep, and cattle (Rodero
et al,, 1992). In Mexico, most goats in Mexico
are Criollo, originating from the crossbreeding
of animals introduced by Spanish colonizers
(Mason, 1991), including breeds such as
Murciano-Granadina, Blanca Celtibérica, and
Castellana de Extremadura. Goats are multi-
purpose animals that provide milk, meat, skins,
and fiber, and are mainly raised by low-income
rural producers (Dubeuf and Boyazoglu, 2009).
Within these systems, Criollo goats (also referred
to as local, indigenous, or native) play a key
role in small ruminant production, especially in
regions characterized by limited feed availability
and adverse agroecological conditions (Martin
Bellido et al., 2001). In addition, goats, particularly
those belonging to local populations and breeds,
exhibit a remarkable ability, compared with
other ruminants, to use forage resources (grass,
shrubs, crop or feed residues), included those
with limited alternative uses, thus contributing
to the valorization of biomass and mitigation of
greenhouse gases (Dubeuf, 2023).

The importance of local goat populations
for low-income rural producers in Latin
America and the Caribbean has been widely
documented by Torres-Hernandez et al. (2022b).
In this context, there is a clear need to conduct
in-depth studies on the productive and functional
characterization of local goat populations across
diverse environmental conditions. Such efforts
are essential to support the development of
effective genetic improvement programs, whose
progress remains limited at the international level
(Montaldo et al., 2010; Torres-Hernandez et al.,
2022a), as well as conservation programs aimed
at preserving the most valuable germplasm,
whose first efforts have been initiated in Mexico
with local goats from the Montafia de Guerrero
region (Vargas-Lopez et al., 2022).

The criteria required to implement genetic
improvement and conservation programs have
been discussed by Assefa et al. (2023) in an effort
to better understand the type and zootechnical
function of these genotypes, since available
information highlights that local goat populations

have a high potential for genetic improvement
(Argyriadou et al., 2020; Torres-Hernandez et
al., 2022b). According to FAO (2012), information
derived from morphometric variables (MV)
constitutes an important component for the
development of genetic improvement programs,
as well as for the sustainable use and conservation
of these populations. In this sense, zoometry
is defined as the study of the structure and
conformation of animals based on established
morphometric measurements (Macedo, 2017;
Ilham et al., 2023). Over time, this discipline
has evolved, and its primary application is to
predict traits of economic importance in animal
production, such as live weight, daily weight
gain, reproductive performance, productive
aptitude, body size, breed characterization, and
the origin of the animal and relationships among
animals (Khargharia et al., 2015; Yemane et al.,
2020).

In recent years, non-linear combinations
of MV have been used in goats in the form of
structural indices (SI) to evaluate productive
performance, functional traits, morphological
type, and zootechnical aptitude (Chiemela et al.,
2016; Putra and Ilham, 2019; Tade et al., 2021). SI
are considered more reliable than MV and are
generally independent of the animal’s age (Salako,
2006). In Mexico, studies have investigated MV
in local goats populations (Dorantes-Coronado
et al., 2015; Vargas-Lopez et al., 2022, Torres-
Hernandez et al., 2023). However, studies on SI
in local Mexican goats are scarce (Silva-Jarquein
et al, 2019b; Maldonado-Jaquez et al.,, 2023).
The objectives of this study were to: 1) assess
morphometric variables in three local goat
populations, 2) determine their body harmony,
and 3) analyze structural indices derived from
morphometric  variables. The findings are
expected to provide valuable information for
the design of targeted genetic improvement and
conservation programs. The proposed hypothesis
was that significant differences (P<0.05) exist
among the studied populations in terms of
morphometric measurements, body harmony,
and structural indices.

MATERIALS AND METHODS

Description of the study location

This study was carried out from March to
September 2023 on eight goat farms that belong
to smallholder farmers in rural areas of the states
of Coahuila (northern region), Zacatecas (central-
northern region) and Guerrero (southern region),
Mexico. Three of these goat farms were located
in the area known as “Comarca Lagunera”,
Coahuila, characterized by a semi-warm climate
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with an annual precipitation of approximately
240 mm. The production system in this area
focuses on the sale of raw milk and “cabrito”
(suckling kids marketed at one-month of age).
Three goat farms were visited in Zacatecas, a
semi-arid region, with an annual precipitation of
approximately 340 mm. Finally, two goat farms
were visited in Guerrero, in the area known as the
“Montana de Gerrero”, which is characterized by
a temperate sub-humid climate and an annual
precipitation ranging from 900 to 1,200 mm.
In both Zacatecas and Guerrero, the dominant
production system focuses on meat production
from adult animals.

Population size

A total of 194 adult, non-pregnant local (non-
improved) goats (>3 years of age) were included
in this study. Of these, 71 goats were sampled
in Coahuila, existing phenotypic characteristics
associated with the Saanen, Alpine, Toggenburg
and Nubian breeds, and to a lesser extent the
Blanca Celtibérica breed. These breeds were
brought from the National Goat Center of
Tlahualilo, Durango, Mexico (Montaldo et al.,
1995; Pérez-Razo et al., 2004). In Zacatecas, 50
goats were evaluated, showing phenotypic traits
similar primarily to the Blanca Celtibérica breed,
and to a lesser extent, to the Nubian and Alpine
breeds. In Guerrero, 73 goats were studied; this
population was the most homogeneous among
the three regions, as the predominant genotype
corresponds to the Blanca Celtibérica breed.
According to information provided by the
local farmers, these goats are estimated to have
approximately 7/8 breed purity, reflecting a long-
term, gradual grading-up crossbreeding program
implemented over several years.

Animal management

Goats were managed under an extensive
production system, characterized by daytime
grazing on rangelands with native vegetation,
without nutritional supplementation, and night-
time confinement. Animals had free access to
mineral salts and clean water. Health management
was limited to vaccination against brucellosis and
routine control of internal and external parasites
through deworming every six months.

Data collection

Live weight (LW, kg) and the following MV
(cm) were recorded: body length (BL), hearth
girth (HG), chest width (CW), head width (HW),
head length (HL), skull width (SW), skull length
(SL), rump width (RW), rump length (RL), cannon
bone perimeter (CBP), and withers height (WH).
Measurements were obtained using an electronic

hook scale with a capacity of 300 kg + 100 g (BAC-
300, Rhino, Mexico), a zoometric stick, and a
soft flexible measuring tape (Selanusa, Mexico),
following procedures indicated by FAO (FAQ,
2012). Animal care and handling was carried out
in accordance with established guidelines from
official standards (Kendall et al., 2018).

Means and standard deviations of LW and MV
were obtained, along with Pearson’s phenotypic
correlations between LW and MV. SI were then
obtained from the MV (Table 1). Indices related
to ethnological type included: body index (BI),
compactness index (COI), cephalic index (CEI),
cranial index (CRI), and pelvic index (PEI).
Indices associated with dairy aptitude included:
dactyl-thoracic index (DTI) and dactyl-costal
index (DCI). Indices indicative of meat aptitude
included: relative shortness index (RSI, also
called proportionality index), length index (LI),
longitudinal pelvic index (LPI), transverse pelvic
index (TPI), relative cannon thickness index (RCI),
body capacity index-1 (BCI-1), and body capacity
index-2 (BCI-2). All indices were calculated
following procedures described in the literature
(Khargharia et al., 2015; Dauda et al., 2018).

Statistical analysis
For Objective 1, a one-way analysis of variance
(ANOVA) was performed, with LW and MV as

Table 1. Structural indices used to characterize
local goat populations across three
geographical regions of Mexico.

Index Formula

BI (BL/HG) x 100
COI (LW/WH) x 100
CEI (HW/HL) x 100
CRI (SW/SL) x 100
PEI (RW/RL) x 100
DTI (CBP/HG) x 100
DCI (CBP/CW) x 100
RSI (WH/BL) x 100
LI (BL/WH) x 100
LPI (RL/WH) x 100
TPI (RW/WH) x 100
RCI (CBP/WH) x 100
BCI-1 (LW/BL) x 100
BCI-2 (LW/HG) x 100

Bl: body index, COIL: compactness index, CEIL: cephalic
index, CRI: cranial index, PEI: pelvic index, DTI: dactyl-
thoracic index, DCI: dactyl-costal index, RSI: relative
shortness index, LI: length index, LPI: longitudinal
pelvic index, TPI: transverse pelvic index, RCI: relative
cannon thickness index, BCI-1: body capacity index-1,
BCI-2: body capacity index-2.
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response variables and region as the independent
variable. Means * standard deviations were
calculated, and mean comparisons were
performed using the Tukey test at 5% of
significance. For Objective 2, a Pearson’s
correlation analysis was carried out between
LW and MV to determine body harmony of each
population, based on the number of positive
and significant (P<0.05) correlations, according
to Herrera and Luque (2009). For Objective 3, a
one-way ANOVA was carried out with SI as the
response variable and region as the independent
variable. Means + standard deviations, minimum
and maximum values, and coefficients of variation
were obtained for each response variable. The
R-studio software (R Core Team, 2020) was used
in all analyses.

RESULTS AND DISCUSSION

Morphometric variables

Results on LW and MV from the three regions
are shown in Table 2. The three populations were
similar (P>0.05) only in HG, which indicates
substantial morphological heterogeneity
among them. This finding is consistent with
Sevane et al. (2018), who reported patterns
associated with ancestral genetic contributions
in Criollo goat populations in the American
continent. Their results revealed: i) a lack of
clear geographical patterns in the distribution
of goat genetic diversity in America; ii) marked
differentiation among several Criollo breeds;

iii) significant Iberian autosomal contributions
in most populations studied; iv) a surprisingly
high contribution of the African genetic pools,
particularly in the Cuban Criollo goat, and v) the
relative genetic isolation of Brazilian breeds, with
a certain influence from Cape Verde goats.

Goats from Coahuila surpassed (P<0.0001)
those from Zacatecas and Guerrero for BL,
RW, and WH. They were similar to goats from
Zacatecas (P>0.05), and both groups exceeded
(P<0.001) goats from Guerrero in LW, CW, HW,
and CBP. Conversely, goats from Guerrero
exceeded (P<0.0001) those from Coahuila and
Zacatecas in HL and WH; they did not differ from
the Zacatecas goats (P>0.05) and both groups
surpassed (P<0.001) goats from Coahuila in SL
and RL.

Martinez-Rojero et al. (2014) reported greater
WH (78.8 cm) in purebred Blanca Celtibérica
goats from Guerrero than in goats from the
three regions evaluated in the present study.
They also reported similar LW (43.0 kg) to that
observed in goats from Coahuila and Zacatecas,
but a slightly lower HG (82.0 cm) than that found
in all populations of the present study. In terms
of SL and RL, goats from Guerrero surpassed
(P<0.001) those from the Coahuila. Vargas-Lépez
et al. (2007) reported an RW value (11.9 cm) in
Creole goats from Puebla, Mexico, that is similar
to that observed in goats from Guerrero but lower
than that of goats from Coahuila and Zacatecas.
In the same study, BL (51.0 cm) and RW (12.5
cm) values were similar to those of goats from

Table 2. Least-squares means (mean = s.d.) for live weight (kg) and morphometric variables (cm) of
local goats from three geographical regions of Mexico.

Coahuila Zacatecas Guerrero
Mean * s.d. Mean *s.d. Media *s.d.
Variable n=71 n=50 n=73 p-value
W 44.0 £9.9a 43.4 +9.4a 35.2 +6.8b <0.0001
BL 57.1+5.2a 51.1+5.7b 48.1 +4.2¢ <0.0001
HG 82.6 +6.3 82.8+5.8 829+5.8 0.9596
CW 25.9 +3.9a 26.8 +3.9a 23.7+2.2b <0.0001
HW 11.9+0.9a 11.8+1.0a 11.3+1.0b 0.0035
HL 15.4+2.1b 139 +1.6¢ 18.8+1.3a <0.0001
SW 9.6+1.1b 9.4 +0.8b 10.7 +1.2a <0.0001
SL 11.4+1.1b 12.2+1.3a 12.0 +1.5a 0.0022
RW 189 +1.5a 17.7 +3.1b 12.7 +1.4c <0.0001
RL 20.6 + 1.6b 21.0 + 2.0ab 21.3+1.4a 0.0464
CBP 9.8+1.0a 9.7 +1.0a 8.8+1.0b 0.0001
WH 70.8 +4.1a 68.0 + 3.4b 63.8 +4.3c <0.0001

LW: live weight, BL: body length, HG: hearth girth, CW: chest width, HW: head
width, HL: head length, SW: skull width, SL: skull length, RW: rump width, RL:
rump length, CBP: cannon bone perimeter, WH: withers height. Means with different

letters differ significantly (P<0.05).
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Guerrero but lower than those recorded for goats
from Coahuila and Zacatecas. Likewise, WH (60.7
cm) was lower than that observed in goats from
the three regions of the present study. Dorantes-
Coronado et al. (2015) reported a lower LW (33.0
kg) in local goats from southern Mexico than the
average observed across the three regions of the
present study. They also reported a WH (66.2 cm)
similar to that of goats from Zacatecas, lower than
that of goats from Coahuila, and greater than the
average of goats from Guerrero.

Silva-Jarquein et al. (2019a) reported a BL (71.2
cm) in Criolla Negra goats from central Mexico,
being greater than that observed in goats from
the three regions of the present study. They also
reported a WH (70.1 cm) comparable to that of
goats from Coahuila and Zacatecas, and a CBP
(8.5 cm) similar to that of goats from Guerrero.
In addition to the differences found between LW
and MV among local goats from the three regions
in the present study, variations (either lower or
higher) were also observed when comparing
these populations with local goats from other
Latin American countries, such as Venezuela
(Pariacote et al., 2004), Argentina (Revidatti et
al., 2007), and Cuba (Chacon et al., 2011). These
differences may be partly explained not only
by genetic variation among goat populations
but also by environmental factors. Specifically,
climate-related variables such as temperature
and humidity strongly influence the quality and
quantity of plant species available in rangelands,
contributing to the development of different
ecotypes, as reported by Dossa et al. (2007) and
Dea et al. (2019).

Body harmony of populations

The proportion of positive and significant
correlations (P<0.05) between LW and MV was
78.7% in Coahuila, 71.2% in Zacatecas, and
86.3% in Guerrero. According to Herrera and
Luque (2009), the magnitude of these correlations
indicates that these populations have a high
degree of body harmony and suggest the absence
of a structured genetic selection program or the
application of inadequate selection criteria. Based
on field observation and repeated annual visits to
the farms, it can be inferred that no formal genetic
selection program has been implemented in any
of these populations. Based on the magnitude of
correlations, the highest degree of body harmony
was obtained in the Guerrero goat population.
This finding coincides with the description of
this population genotype, as these goats show a
high level of homogeneity due to the progressive
use of Blanca Celtibérica rams for mating. Silva-
Jarquin et al. (2019b) reported that 91.2% of the
correlations among the MV analyzed in Criolla

Negra goats from central Mexico were positive
and significant (P<0.05). This result indicated a
highly harmonious model in this population,
which the authors attributed to the high degree of
homogeneity, mainly due to the shared ancestry
with the Murciano-Granadina breed. Chacon
et al. (2011) estimated phenotypic correlations
among linear body measurements of Criollo
goats and crosses with Nubian in Cuba, reporting
that 46.6% of these correlations were positive and
significant (P<0.05), which indicated a moderate
level of body harmony in this population.
Similarly, Abarca-Vargas et al. (2020) analyzed
10 body measurements in crossbred goats from
Colima, Mexico, reporting that all the estimated
correlations were positive and significant
(P<0.05), which led the authors to conclude that
this population exhibited a high degree of body
harmony. However, they later indicated that such
results would imply the use of selection criteria
within the population, criteria that in fact were
not implemented, as goat producers have carried
out intensive crossbreeding with meat breeds.
Therefore, this result appears contradictory to the
criteria proposed by Herrera and Luque (2009).

Structural indices

Results of the SI are shown in Table 3,
where significant differences (P<0.05) were
observed among the three goat populations. The
coefficients of variation were more stable in the
Guerrero population, with only 9.7% of the total
variation above 10%. In contrast, the Coahuila
and Zacatecas populations showed greater
variability, with 50% and 78.5% of their coefficient
of variation exceeding 10%, respectively.

Ethnological indices

The BI reflects the proportional relationships
among body components of the animals. Based
on criteria by Pares (2009) and Cerqueira (2011),
goats from the three regions can be classified
as brevilineous or compact (COI <85). The
BI also serves as an indicator of the animal’s
foraging capacity, especially in environments
with rugged topography (Banerjee et al., 2014;
Khargharia et al.,, 2015). In addition, the COI
is related to a body structure suitable for milk
production (Herrera-Caceres and Hernandez-
Corredor, 2022). The values obtained in the
present study are similar to those reported by the
same authors for the Motilona goat from Norte
de Santander, Colombia, which is used for dual-
purpose production (meat and milk), as well as
those described for Creole goats from Argentina
(Revidatti et al., 2007). The CEI values were < 100
in goats from the three regions studied; therefore,
they are classified as dolichocephalic according
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to Pares (2009). These values are comparable to
those reported by Revidatti et al. (2007) for Creole
goats from Argentina. No studies were found
in the literature addressing analysis of the CRI
in goats. However, findings from Goodarzi and
Hoseini (2014), based on analyses of skulls from
Markhoz goats (Iranian Angora,) indicate that
morphological and osteometric characteristics
of this breed are comparable to those of Kagani,
West African Dwarf and Red Sokoto goats, as
well as Mehraban sheep. Furthermore, Balcarcel
et al. (2024) found that the skull shape differs
markedly between domesticated and wild
goats, with differences that are attributed to
domestication rather than to the breed per se. The
PEI provides an estimate of rump structure and is
related to the reproductive fitness of the animal
(Pares, 2009; Silva-Jarquin et al., 2019b), as well
as suitability for meat production (Dauda, 2018).
In the present study, PEI values were < 100 in
the three populations evaluated; therefore, the
goats are classified as convexilinear. In addition,
the CEI and PEI values observed in the Coahuila
and Zacatecas populations, respectively, are
comparable to those reported by Silva-Jarquin
et al. (2019b) for Criolla Negra goats from the
central region of Mexico.

Dairy aptitude indices

The DTI and DCI indices are used to assess
the animal’s aptitude for milk production by
establishing the relationship between pectoral
mass and the supporting limbs (Abarca-Vargas
et al, 2020), thus determining whether body
volume is proportional to bone development
(Moreno et al., 2013). Regarding the DCI, Abarca-
Vargas et al. (2020) found that values between 40
and 45, or lower, indicate good aptitude for milk
production. Based on DTI values, goats from the
Guerrero population tend to be eumetric (< 11),
suggesting a tendency toward milk production.
In contrast, according to these indices (Macedo
Barragan, 2017), goats from the Coahuila and
Zacatecas populations show a tendency toward a
meat production phenotype.

Meat aptitude indices

Based on the overall RSI values obtained for the
three regions studied (range: 124.8-134.3), goats
can be classified as long-lined (RSI >100). These
values are also higher than those reported by
Morales-delaNuez et al. (2012) for three biotypes
from the Canary Islands (range: 88.8-92.4). This
difference can be explained by the fact that goats in
the present study have a higher average WH than
BL, which contrasts with the patterns observed
in goats from the Canary Islands. This advantage
of a higher WH in relation to BL allows their

classification as goats with dairy aptitude (Parés,
2009). Regarding LI, [Tham et al. (2023) indicated
that values <1 correspond to tall animals, whereas
values > 1 indicate long animals. Therefore, goats
from the three regions of the present study are
classified as long-lined, which is consistent with
the RSI classification. The LPI and TPI indices are
associated with suitability for meat production
(Silva-Jarquin et al., 2019b). According to these
authors, LPI values < 37 and PTI values > 33
are indicators of meat breeds. Based on the LPI
results, goats from the Coahuila and Zacatecas
populations are suitable for meat production,
which agrees with the tendency observed for the
DTI in the same populations. Additionally, Takele
et al. (2022) reported that higher RCI values are
characteristic of breeds with aptitude for meat
production. Therefore, the RCI values obtained
in the present study (13.9-16.3) indicate that goats
from Coahuila and Zacatecas have characteristics
associated with meat production. However,
based on the combined results of the DTI, LPI,
RSI and RCI indices, goats from both populations
can be classified as dual-purpose animals (meat
and milk). With respect to goats from Coahuila,
it is important to highlight that the “Comarca
Lagunera” (the region from which the goats were
sampled) is the main goat milk production basin
in Mexico.

No studies were found in the literature
reporting BCI-1 and BCI-2 indices in goats.
However, da Silva et al. (2019) mentioned that, in
sheep, these indices are related to body capacity
and served as objective measures of conformation.
Furthermore, da Silva et al. (2006) indicated that
increases in BCI-1 in adult sheep are associated
with muscle and fat deposition. In addition, da
Costa et al. (2014) concluded that BCI-1 and BCI-2
are adequate indices for evaluating conformation
in Santa Inés sheep from Brazil.

According to the results shown in Tables
4, 5, and 6, the highest and most common
significant correlations (P<0.05) for the three goat
populations were observed between LW and
both BCI-1 and BCI-2 (range: 0.87-0.98), which
can be explained by the shared inclusion of MV
in these indices. Similar patters were identified
for several other index combinations: LW-COI
(Coahuila and Zacatecas); BI-RSI (Coahuila and
Zacatecas); COI with BCI-1 and BCI-2 (Coahuila
and Zacatecas): COI with LPI and TPI (the three
regions); PEI with TP, BCI-1 and BCI-2 (Coahuila
and Zacatecas); DTT with DCI (the three regions);
DTI-RCI (Coahuila and Zacatecas); DCI-RCI
(Coahuila and Zacatecas); RSI with LI, LPI, and
RCI (the three regions); LI with LPI, TPI and RCI
(the three regions); LPI with TPL, RCI, BCI-1 and
BCI-2 (Coahuila and Zacatecas); TPI with RCI



33

Siliceo-Cantero et al. Structural indices in local goats in Mexico

(S0°0<d) U (T0°05d) ‘s (S0°05d) *x "T-XOPUT

fyoeded Apoq :z-1Dg ‘T-xopur £ypeded Apoq :T-[DG ‘XOPUT SSSUNDIY} UOUUED dATE[I ([DY ‘Xopur d1A[ed asroasuen ;[ 11, “xapul d1a[ad [eurpmyrduoy [ Xopur y33ua] ;[T ‘XOPUI SSaULIOYS
dATJR[AI ([GY “XOPUI [B}SOd-[A1dep (D “Xopul dDEIOY}-[A10ep [ “Xopurl d1afad ;[ “xopul [eruen D) ‘xapur drfeydad ;[gD) “xaput ssaupedwod (0D “Xapul Apoq g “YSom aA1[ M

1 ¢Iod
#L80 1 1-104d
+8€°0 <070 I DY
sugco SuZ00 £9€°0 1 IdL
Y0 «6€°0 £99°0 £99°0 1 Id1
su9To Sug00- «€€0 #9580 #0670 1 I'l
SUpc0-  su600 £€€°0- #9590~ 970 #0060~ 1 IS¥
SUpl'0-  SULT0- £G€°0 SU60°0- Su600 sus00 SU90°0- I Dda
Su9T’0 Suc00 #99°0 Sug00 SUcro SUut00 SUT0°0- #x€9°0 I 11d
#€€0 «8€°0 su9c’0 £99°0 «LE°0" SUer'o SU9T°0- SU6L'0- SUy0°0- 1 [4d
Su6l'0 S0 Su90°0 SUug00- SU61'0- SULT0- SULTo SU9T°0 Suoco SUp10 I NI
Su6l'0 «8€°0 SugI’0 Suy0°0 Sug1'0- SUge0- Sueco Suc10- SUL00- SUcco  su600 1 IEW)
#0600 #x08°0 xS0 #19°0 #6C0 «LE0 £9€°0- SuGe0- Sue00 «1¥0  SUoT’0 SUyC0 I 100
SU€00- «06°0-  Suel'0- 0 SUugT'0 #C9°0 #9°0~ Suceo SUu61'0- SU8T'0- 0 «€¥0- SuQC0- I 1d
#5060 #06°0 «C¥0 «G¥0 S0 SUZc0 SuGe0- SUyC0- Sugq00 «8€0  SUBL0 suseo «96'0  SULT0- 1 M1
¢10d I-104 DY IdL Id1 I IS4 Da ILd Iad o 15 100 14 M1

"0DIX3JA] “e[INYE0)) WIOIJ S}e0T [ED0] UI SIDIPUI [eINPPNIS pue JYSIOM IAT] UIIM}aq XLIjewr UoTje[a11od d1dAjouayy “f a[qel,



(90°0<d) SU (10°05d) s “(S0°05d) *» “T-Xput &j1oeded £poq
'2-1D9g ‘1-xaput Aydeded £poq 1T-[Dg “Xopul SSaUSPIY} UoUURd dALRR[RI ([D)Y “Xopul d1A[ad as1aasuery [ “xoput d1a[ad [eurpnrduof [ “Xopur Yp3ua] [ “Xopul SSaUIIOYS dAIR[aI
(ISY “Xopul [e1s0d-[A10ep (D “XIpul dDEIOY}-[A1ep ([1J “Xopul d1afad ([ “Xopul [erued D) “Xoput drreyded ;[ “xapur ssawoedwod [0 “xapur Apoq :[g WSm dAI (M

I ¢Iod
#88°0 I 1-10d
+8C0 £9C0 I DY
«87°0 «870 #99°0 I IdL
#82°0 #€9°0 970 %650 1 Id1
970 SU60°0 «G¥0 #19°0 «17°0 I I'l
«090-  suer’o- «£V0- #€9°0- #CV0- #0670 1 Is¥
«0€°0- %6C0- *6€°0 suzZ00- SUp0°0 SuZ00-  su600 1 Da
0 sug00- #08°0 sugro V€0 SuLro supro- #8950 1 11d
#79°0 970 Sugro #E€8°0 Suy0'0 «G¥0 A suQro- Suy0°0- I [4d
«¥0 «G€’0 sugeo #8950 #6€°0 *G€0 *£€0- Sug00- Sug0’0 970 1 O
Sue00 SuZ00-  suco sugr’o sU600 Sugco Suylo- SugL0- «£C0  SUIT'0 SUpL'0 1 IEW)
#96°0 #L8°0 *CV'0 #18°0 #09°0 *£5°0 %650 +8C0- 0 %650 970 SU900 1 100
Su9r'0 *CE0~ 0 sugeo SU90'0- w20 #€L°0" Su10°0- suZ0'0 £€€0 supro Sugl’o  suoro 1 1d
#86°0 #88°0 +8C0 %L L70 «LYV0 «670 xCG'0- +0€0 SU90'0-  «¥9°0 By SUC00  «£6'0  SUCT'0 I M1
(4Nl 1-104d DY IdL Id1 I'l IS¥ Da 1L I3d o JEI) 100 14 M1

Chilean J. Agric. Anim. Sci. (2026) 42(1):26-39.

Y
=

34

*0JIX3JA] ‘SeddjedeZ WIOLJ S}e0d [ED0] UT SDIPUIT [eINIONIIS pue JYSIamM AT UM XLijew uone[arrod drdfjouay g s afqer,



35

(S0°0<d) U (10°05d) *+x (S0°05d) 4 "g-Xopur Ayeded Apoq
1Z-1Dg ‘1-xoput Ayeded Apoq :1-[Dg “XopUI SSOUNDIY} UoUUed dAne[dI (DY “Xopul d1a[ad asraasue) [, “Xopurt d1a[ad eurpnr3uof [T “Xopur Y33ua] ;[T “XaPUr SSOUIOYS dAT}e[o1
ISy “xopur ﬁﬁmo?ﬁbumﬁ 1D Xepur uﬂvgoﬁ-ﬁbumv L1LA Xepur 32@& 4 “Xepul [eruen D ‘Xopurl u:mznﬁwu 4D “xoput ssaujoedwod JOD “Xepur \ﬁuo& 1a \Ewﬁw\s IAT[ I MT

Siliceo-Cantero et al. Structural indices in local goats in Mexico

1 ¢Iod
€80 I 1-10d
SUZ0'0-  suc00 I DY
SUZ0'0-  suc00 I 1 IdL
SUZ00-  sueoo I 1 1 Id1
Su90'0-  SUL0'0 I 1 1 I I'l
Sup0'0-  sulo #180- 080" #x18°0- #xC8'0" 1 IS¥
Sugp’0  sue00 SU¢1’o SULT'0  supro SUQT1°0 SULT0- 1 Da
Sug0'0  Suero- SUpI'0 SUpl’0-  Suero- SUCI'0-  SUp00 $95°0 I 11d
SUe0'0  SucIo SUZI'0-  su90'0-  susIro- SUZI'o-  SsWlo SuZ00  suZ00- 1 [4d
SUQL’0  sugr’o SUg0'0-  sug0’0-  su90°0- Sug0'0-  su90'0 SuGg’0  sul0’0-  supro I O

060  Suqzo SU9g’0-  Sugc0-  suLT0- Su9g’0-  Su9r'0 sugco - sue00 670  Su8l'0 I IEW)
Sugo’0  SULI'o #:06'0 #6060 #4060 #0660 #080-  SUOT'0  SUGL’0-  SULL’0- Sug0'0-  SUECo- 1 100
SuyC0 «V€0- SUZ1°0-  SUZT'0-  SU9I°0- SUZI'0-  sugco-  suc00 0€0  SUp0’0-  SUgr’0-  Sug0’'0  SU9r'0- 1 14

#9060 %80 SUL0'0 Suz00 0 Suz00 SUZ0°0- 0 Sug00- Sugl'0  SWI0 «G€°0  SUIT’0  Su600 1 M1
¢pd 104 j) IdL Id1 I'l IS4 na 1La I4d o 35 100 14 M1

*0DIXIJA] “0ISIIIND) WIOIJ S}L0F [ed0] UT SIDIPUT [eINIONIS pue JYSIOM JAT] UIdMIIq XIIjewr uorje[a110d didAjoudyJ 9 ajqer,



36 s: Chilean J. Agric. Anim. Sci. (2026) 42(1):26-39.

T

(the three regions); RCI with BCI-1 and BCI-2
(Coahuila and Zacatecas), and finally BCI-1 with
BCI-2.

Six perfect correlations were obtained in the
Guerrero population (LI-LPI, LI-TPI, LI-RCI,
LPI-TPI, LPI-RCI, and TPI-RCL In case of high,
positive, and significant correlations (P<0.05),
one SI can be the indicator of the other, allowing
selection to be based on a single index (Assefa et
al., 2023). Under such conditions, it is advisable
to use the SI that is the easiest to measure or
the most-cost effective. According to Depison
et al. (2020), differences in SI can be attributed
mainly to differences in goat genotypes, animal
management practices, geographic regions, agro-
climatic conditions, and the availability of natural
resources.

Of the 105 total correlations among the SI
estimated in each region, 41 were significant
(P<0.05) in Coahuila (34 positive and 7 negative),
61 in Zacatecas (47 positive and 14 negative),
and 17 in Guerrero (11 positive and 6 negative).
Depison et al. (2020), Getaneh et al. (2022) and
Assefa et al. (2023) reported a predominance of
positive correlations among SI measured in goats
of different genotypes. In contrast, Tyasi and
Putra (2021) found a higher number of negative
than positive correlations in South African Creole
goats. These discrepancies in the literature can be
largely attributed to differences in genotype, as
populations subjected to genetic improvement
through genetic selection tend to exhibit
comparatively greater morphological harmony
(Bertaglia et al., 2007).

CONCLUSIONS

This study revealed significant differences in
morphometric variables, body harmony, and
structural indices among local goat populations
from the three regions of Mexico. The results
indicate that these goats are divided into
distint subpopulations, a factor that should be
considered when designing genetic improvement
and conservation programs. Furthermore,
the findings highlight the need for continued
research focused on characterizing production
systems in marginal rural areas, as these systems
are a reservoir of valuable genetic resources. Such
resources may provide key insights for addressing
food security challenges in highly marginalized
rural communities. Further studies on local goat
populations should adopt a sustainable and
holistic approach.
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