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Several naturalized sheep breeds in the South American continent have little objective
information available and as population size is becoming smaller the need for this infor-
mation becomes more critical. The objective of this study was to differentiate between
naturalized breeds in Brazil, Uruguay and Colombia using morphological descriptors and
compare them with commercial breeds. The amount of 928 morphometric measurements
and 2918 weights were collected. Phenotypic characterization was carried out using size,

g:{l‘gsirf;l" weight, colour and conformation of the animals, as well as 16 morphometric measurements
Discriminate of the animals. Phenotypic data were analysed using PROC GLM, CORR and PRINCOMP of
Environment Statistical Analysis System (SAS®). The distance between breeds was carried out using

morphometric and morphological data using UPGMA (Unweighted Pair Group Method
Arithmetic Mean) method to create a dendrogram. Phenotypic characterization was shown
to be an accessible and easy to use tool in conservation and breeding programs. The breed
was the most important factor to differentiate between the animals measured, and adult
weight most influenced by the environment. Commercial breeds were larger and Santa Inés
animals from the Center-west and Southwest closer to Bergamasca than in other regions.
© 2010 Elsevier B.V. All rights reserved.

Naturalized sheep

1. Introduction breeds were selected in temperate climates and do not

show the same adaptive features as naturalized breeds.

Several animal species were brought to the Americas at
the time of colonization by Portuguese and Spanish travel-
ers. These animals underwent natural selection for several
hundred years in certain environments thereby acquiring
singular traits such as rusticity, prolificacy and resistance to
endo- and ectoparasites as well as diseases found in these
regions (Egito et al., 2002).

More productive exotic breeds have been introduced
into these environments from the 20th century. These
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Nevertheless the substitution has led to the almost
extinction of some naturalized breeds in these countries
(Mariante and Egito, 2002). At present many countries
are losing their genetic resources which may have lasting
effects on food security and sustainable development espe-
cially in light of global warming changes. More than 20%
of documented breeds are classified as at risk of extinc-
tion and in the last five years over 60 breeds were lost,
approximately one per month (FAO, 2007). Further, an esti-
mated 70% of breeds which do not have information on
their extinction risk are to be found in developing countries
(Kenene et al., 2009).

The use of quantitative information in livestock breed-
ing programmes has become more sophisticated over time.
This allows breeders to make faster progress in a chosen set
of traits. Phenotypic information was initially used in mass
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Table 1
Breeds, localities and number of observations of phenotypic traits collected in sheep.
Breed Farm type? Local® Number of animals Farms¢
Weight Measurements
Males Females Males Females

Barriga Preta E NE 25 1
Bergamasca SIL 1 cw 27 356 15 36 3
Bergamasca SI SE 23 215 25 25 1
Blackface E NE 21 20 24 1
Corriedale I Colombia 10 36 1 4 2
Corriedale I South 12 19 1 4 1
Crioula Lanada E Colombia 14 55 1 5 2
Crioula Lanada SLE Uruguay 17 39 42 42 6
Crioula Lanada SLE South 15 54 31 34 4
Damara E NE 10 28 1 4 1
Dorper I SE 10 36 24 51 1
Hampshire SI Colombia 14 28 1 6 1
Hampshire I SE 10 27 4 1
Ideal [ South 14 29 6 1
Ile de France I SE 10 28 1 5 1
Merino I Colombia 10 17 1 8 1
Mora E Colombia 10 23 7 1
Morada Nova E NE 10 17 141 61 1
Morada Nova SI cw 27 347 17 15 2
Morada Nova SI SE 10 19 10 14 1
Romney Marsh [ South 14 25 6 1
Santa Inés SL 1 SE 65 254 84 3
Santa Inés SL 1 W 42 183 52 3
Santa Inés E, SI NE 29 365 37 3
Somali E NE 11 29 5 1
Suffolk I South 21 47 20 26 2
Texel I South 25 100 17 52 2
Vermelha Colombia E Colombia 10 26 17 25 1
Total 2918 928

2 Farm types: I—intensive with concentrate feeding and cultivated pastures; SI—semi-intensive on mixed cultivated and native pastures with some
concentrate feeding after lambing; E—extensive on native pastures and no concentrate feeding.

b Brazilian regions—CW: Center-west; NE: Northeast; SE: Southeast.
¢ Numbers of farms on which data was collected.

selection, whereby individuals with better trait values were
chosen to be parents of the next generation. This model has
worked remarkably well, and has allowed much progress
in genetic merit (Dodds et al., 2007).

Most traits of biological, biomedical and agricultural
importance are complex—they are under the control of an
interacting net-work of genes, each with a small effect,
and of environmental factors (Wu and Lin, 2006). Many
quantitative trait loci (QTLs) that affect a broad range of
phenotypes have already been mapped with high confi-
dence in the different livestock species and are awaiting
further characterization (Andersson and Georges, 2004).

Moreover, several years of selective breeding of these
species has led to marked phenotypic changes and
genetic adaptation to various environmental conditions
(Andersson and Georges, 2004). According to these authors,
populations of domestic animals have a rich collection of
mutations that affect phenotypic traits.

According to Rodero and Herrera (2000), studies are
necessary to characterize, identify and differentiate pop-
ulations, while origin and history of breeds should be
documented, as well as their geographical distribution,
qualities and aptitudes, phenotypic description and mor-
phostructural traits (Mariante and McManus, 2004). This

is highlighted by Philling et al. (2008) in relation to Pro-
duction Environment Descriptors (PEDs) and the need to
combine production and environmental information on
all breeds available worldwide so that informed manage-
ment decisions about breed choice and substitution can be
made.

Different breeds of domestic animals are in many cases
as phenotypically diverse as separate species. However,
the recent origin of these breeds from their wild ances-
tors (~10.000 years before present) makes it possible to
make specific crosses and use segregation analysis to map
the genes that underlie phenotypic traits (Andersson and
Georges, 2004).

Native sheep genetic resources are a large source of
income and are of great cultural value in many countries.
In South America the situation is different as many local
breeds of sheep are not recognised or characterized. Brazil
has the largest number of hair sheep breeds on the con-
tinent which have an important role especially for small
farmers in the northeast of the country (Paiva et al., 2005).

The objective of this study was to differentiate between
naturalized breeds in Brazil, Uruguay and Colombia using
morphological descriptors and compare them with com-
mercial breeds.
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Table 2

Minimum square means for liveweight in sheep breeds from Brazil, Uruguay and Colombia.
Raga BW W60 W90 W120 W180 W365 WA
Barriga Preta 2.50% 9.95¢ 11.752 13.422 19.242b 29.35¢ 62.50¢
Bergamasca 3.65¢ 12.178" 16.47¢ 17.82¢ 28.05¢f 32.08d 70.00%¢
Blackface 2.40? 10.19¢ 14.09° 16.69° 22.94b¢ 33.04¢f 48.92b¢
Cheviot 3.89¢ 12.18¢8h 16.33¢ 19.09%4 24.874 30.814 51.08b¢
Corriedale Brazil 3.844 12.85! 15.08¢ 20.36¢ 27.12¢ 31.98de 47.98b¢
Corriedale Colombia 3.92¢ 11.03f 14.59b¢ 16.96" 20.29° 27.67¢ 49.01b¢
Criolla Colombia 3.29° 10.524e 14.14> 16.55P 19.252b 24.41° 39.96°
Criolla Uruguay 2,91 9.15P 12.272 14.352 23.82¢d 29.81¢ 46.23%
Crioula Lanada 3.25P 13.591 18.68¢f 19.864 20.82° 28.31 37.64%
Damara 3.81¢ 8.31° 17.56¢ 23.714 27.32¢ 35.42f 65.004
Dorper 3.93d 17.69% 26.14" 30.23¢f 32.03¢ 41.98h 68.95¢
Hampshire Brazil 4.23¢ 20.28! 27.88" 32.24f 34.238h 43.111 52.49bcd
Hampshire Colombia 3.66¢ 11.538 15.46¢ 18.08¢ 23.76% 32.32¢ 53.44bcd
Ideal 4.004 11.28f 23.498 31.53f 33.218 37.518h 87.32f
Ile de France 4.21¢ 12.74h 32.08 36.838 38.41" 43.52i 87.12f
Merino 3.97¢ 10.87¢ 14.32P 16.62° 19.222b 25.97°¢ 43,6220
Mora 3.600¢ 10.96e 14.64b¢ 17.09b¢ 24.78¢de 26.12°¢ 40.73%
Morada Nova 2432 10.71¢ 15.33¢ 16.41° 16.352 19.86% 39.732
Romney Colombia 3.72¢d 11.598 15.52¢d 18.14¢ 22.95bcd 29.09< 46.43b¢
Santa Inés 3.72¢d 11.618 15.89¢ 18.73¢ 28.53¢f 37.058 76.08¢
Somali 25 9.95¢ 13.47% 15.38% 18.65% 25.72P 45.5%
Suffolk 4.11¢ 16.21) 23.648 28.60° 31.42¢ 39.02" 80.01¢f
Texel 3.924 21.12! 29.15" 40.138 49.321 54.32) 90.34f
Vermelha Colombia 2.50° 10.144 13.95P 16.51P 20.22° 37.52¢h 80.12¢f

Different letters in the same column meant significant differences between breeds (Tukey P<0.05). Birth weight (BW); weight at 60 (W60), 90 (W90), 120

(W120), 180 (W180), 365 (W365) days of age, adult weight (WA).

2. Materials and methods

The present study was carried out using animals from Brazil, Uruguay
and Colombia (Table 1). The breeds included: Brazilian—Santa Inés
(hair), Morada Nova (hair), Brazilian Bergamasca (wool), Crioula Lanada
(wool), Barriga Preta (Black Belly) and Brazilian Somali (hair); Colombia:
Blackface, Mora (wool), Colombian Criolla (wool), Colombian Vermelho
or Camuro (hair); Uruguay-Uruguayan Criolla (wool). The commercial
breeds included Merino, Suffolk, Cheviot, Dorper, Damara, Romney Marsh,
Ideal, Corriedale, Hampshire Down, Texel and Ile de France. The term
“Criollo” or “Crioulo” is widely used in various countries in South America.
The expression refers to descendents of crosses between breeds brought
by European settlers during colonization (Montaldo et al., 2010).

Data collection was standardized in a meeting in Mexico in 2005 and
data were collected in the second semester of 2006 on private and public
farms (Conservation Nuclei and Experimental farms). 928 morphometric
measurements and 2918 weights were collected. Some data on growing
animals (such as birth and weaning weights) had been collected earlier by
the farmers. Single morphometric measurements were taken on adult ani-
mals showing good body condition (2.5-3.5 on a five point scale). Breeds
with less than 10 observations were not included in the final analysis
(Table 1).

On farm, climatic and management conditions were very different
between countries, regions within countries and breed type (commer-
cial versus naturalized). Most naturalized breeds (except Santa Ines
and Bergamasca) were reared on native pastures in their country
of origin, while commercial breeds were raised on cultivated pas-
ture. Measurements were adjusted by least squares means for farm
type.

The three countries in this study have distinct climates. Brazil has six
climatic subtypes: equatorial, tropical, semi-arid, high altitude tropical,
temperate and subtropical but the major part is tropical. Different climatic
conditions produce environments which vary from equatorial forests in
the North and semi-arid deserts in the Northeast to temperate coniferous
forests in the South and savanna in the Center-west. Colombian territory
is marked by regions of high altitude, especially in the western region.
Along the coast the climate is tropical but in higher regions temperatures
may be low. The Uruguayan climate is temperate but relatively hot, and
temperatures rarely below zero.

Sixteen measurements were taken on the animals as described
in McManus et al. (2005), using a metric tape, hipometer and
paquimeter:

Shoulder height (SH): vertical distance from highest point of the inter-
scapular region to the soil.

Hip height (HH): vertical distance from highest point of the hip, in the
space defined by the spinal process T5-T6 over the sacral tuber of the
ileum to the soil.

Hip length (HL): distance between cranial parts of the iliac tuber and
caudal parts of the ischium tuber.

Hip width (HW): distance between points of the hips.

Body length (BL): distance between the cranial part of the larger tuber of
the humerus and the ischium tuber.

Heart girth (HG): largest circumference of the thorax, passing by the
sternum.

Thorax height (TH): vertical distance between the sternum and the shoul-
der.

Body score (BS): scale of one to five where one is very thin and five very
fat.

Cannon bone circumference (CBC): circumference of this bone at thinnest
point.

Head length (HeL): distance between the proximal end of the head which
coincides with the crest of the neck and medial (central) part of the
inferior incisor arch.

Head width (HeW): distance between free parts of the right supra-orbital
border and left supra-orbital border.

Ear length (EL): distance from the base to the point of the ear.
Dorsal-sterna diameter (DD): lowest point of the shoulder to the ster-
num.

Phenotypic data were analysed using simple descriptive analyses
(mean, standard deviation, coefficient of variation), analysis of variance,
correlations between traits, and principal component relations using
PROC GLM, CORR and PRINCOMP procedures of Statistical Analysis System
(SAS®). Two discriminatory analyses were carried out, one with weights
and one with morphometric measures to verify which traits were impor-
tant in separation of breeds and see if these types of analyses could be
useful in breed characterization. The analysis of variance used breed, sex,
region (Uruguay, Colombia and Brazil by region—Center-west, Northeast,
South, and Southwest), as well as type of farm (extensive, semi-intensive
or intensive). Weights were adjusted to standardized ages: birth, 60, 90,
120, 180 days, one year and adult. The Euclidean distance between breeds
was calculated by sex and the UPGMA (Unweighted Pair Group Method
Arithmetic Mean) algorithm was used to generate clusters and then den-
dograms. In this case, only adults were considered.
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Table 3

Adjusted means for body measurements in sheep breeds from Brazil, Uruguay and Colombia.
Breed HH BL SH HG HW CG BS HeW CBC HeL DD EL TH
Bergamasca 71122 7948 73.14* 92,05 17.17° — 276> 1648 924> 24572 - 19.982 -
Blackface 68.40° 60.70° 74.80° 75.45° 12544 - - - - - - -
Criolla Uruguay 68.54% 73.82% 70.55" 91.34* 14.40%¢ 22.13> 429 9.01¢ 8224 24352 - 10.92¢ 29.56%
Crioula Lanada 59.12> 69.14> 61.19¢ 77.97° 1521¢ 23.10¢ 2.87° 8.62¢ 9.13>  20.30¢ 20.72¢4 12.21¢ 31.112
Dorper 69.50° 79.10° 68.00° 95.47% 21.69* — - - - - - - -
Morada Nova 63.14> 66.46°¢ 64.40°¢ 73.12° 15.65° - - - 7.282 - 11.28¢ 25.59P
Santa Inés 72768 79.34° 70.81> 92.09° 14.88 2242 2.88P 13.02> 839 21.09¢ 26.15° 16.98" -
Somalis 56.12> 61.70° 58.20°¢ 69.99> 13219 — - - - - - 15.23b -
Suffolk 70.35° 79.23* 74.00° 90.65* 21.78* 21.71° 2.63P 12.38¢ 8.65¢4  22.73>  23.04° - -
Texel 61.98> 68.76> 70.74° 89.62* 22.00* 21.56°  3.832 13.13>  8.87¢ 20.38¢ 21.68¢ - -
Vermelha Colémbia  59.87° 63.12¢ 56.00° 68.00> 12.68¢ — = = = = = = =

Different letters in the same column meant significant differences between breeds (Tukey P<0.05). HH: hip height; BL: body length; SH: shoulder height;
HG: heart girth; HW: hip width; CG: hip length; BS: body condition score; HeL: head length; HeW: head width; CBC: cannon bone circumference; DD:

dorsal-sternum diameter; EL: ear length; TH: thorax height.

3. Results and discussion

The analysis of variance for weight traits showed that
breed was a significant source of variance for these traits.
For the other factors studied, there was evidence of sex-
ual dimorphism between males and females. The effects
of type of farm and locality may be confounded, as some
breeds were reared in a single type of system (Table 1).

As expected animals from breeds reared for meat pro-
duction especially in intensive systems were heavier at all
ages, while animals from local breeds reared in extensive
systems were lighter (Table 2). The naturalized Brazilian
Bergamasca and Santa Inés breeds were closest in adult
weight to exotic breeds.

Table 3 shows the analysis of variance for body mea-
surements and means per breed. Breed influenced all
measures studied, while sex did not influence body condi-
tion, head width, dorsal-sternum diameter, thorax height
and anterior hip width. In general type of system and local-
ity affected the measurements except for cannon bone
perimeter dorsal-sternum diameter. According to Miserani
et al. (2002), the general shape of the body is called confor-
mation and is the result of many heritable traits. Working
with sheep, Traoré et al. (2008), observed a bi-dimensional
plot illustrating the relationships between body measure-
ments, separating clearly body measurements as head
length, height at withers, tail length and thorax depth from
nose perimeter (head profile).

Once again, in general the exotic breeds had larger
measurements than naturalized breeds (Table 3), showing
better skeletal and muscle development and indicating that
they are better for meat production. Once again the natural-
ized breeds which were closest were the Bergamasca and
Santa Inés.

The evaluation of body measurements for meat produc-
ers is important as they indicate carcass production as well
as respiratory and digestive capacity in animals (Santana,
2001). Nevertheless, according to Costa et al. (2006), it is
not certain whether larger or smaller animals determine
greater productivity, but there is consensus that certain
types or sizes are more adequate for specific management
conditions.

Discriminant analyses were used to differentiate groups
of animals depending on weight at different ages. Fig. 1

shows the presence of two large groups of females reared
in extensive systems. The first group consists mainly of
medium and large size such as Bergamasca and Corriedale.
It can be seen that animals reared in Colombia, except for
Hampshire and Mora, are in the first group. This probably
occurred as data collected in this country were all from the
same region. The exception here is the Ile de France, which
is in the second group and the small sized Morada Nova in
the first group. This may be due to sampling.

Paiva (2005) observed that the populations within each
breed in Brazil were close to each other when DNA markers
were analysed. This was not true here with the excep-
tion of Santa Ines from the Center-west and Southeast of
Brazil. For example, the Criolla from Colombia and from
Uruguay were well separated as were Morada Nova from
the Northeast and Center-west of Brazil (Fig. 1). The same
author found a clear division between populations of Santa
Inés in the Northeast, where the population from Maran-
hdo state was placed furthest from the others and those
from Sergipe state were close to the animals from the
Center-west. This is in agreement with the approxima-
tion of populations of Santa Inés from the Center-west
with Southeast. This author also found that populations of
Morada Nova were close to wool breeds such as Corriedale
and Ile de France. This is in agreement with that found here,
where Morada Nova from the Center-west were close to
Ile de France from the Southeast and Corriedale from the
South, while Morada Nova from the Northeast were not
close to these breeds. The environmental conditions can
also affect these results as farms in the Center-west, South
and Southeast tend to better structured and have better
management.

From the analysis based on morphometric measures
(not shown), there is an approximation between Crioula
lanada breed in Brazil and Criolla in Uruguay, which is in
accordance with Paiva (2005), who working with molecu-
lar markers, found that naturalized breeds of wool sheep
found in Latin America have a common ancestor, probably
a breed from the Iberian Peninsula.

In Fig. 2 males from commercial and naturalized breeds
reared extensively were divided in two groups except for
Crioula which were in a separate branch. When males and
females in the same system are compared (Figs. 1 and 3) it
can be seen that groups were similar except for Bergamasca
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in the Center-west which in Fig. 2 were together with Santa
Inés from the Northeast, Barriga Preta and Dorper; Cor-
riedale which was in the Santa Inés from the Center-west
and Somali and Morada Nova from the northeast. These
differences may be due to a smaller sampling of males and
differential treatment that males receive on farm.

The discriminate analysis showed that all weights had
practically the same partial R (Table 4). Therefore in terms

of breed separation only one trait needs to be measured.
The partial R? for morphometric data varied much more
(Table 4). Shoulder height showed the best discriminatory
value while CBC the lowest. Therefore shoulder height as
well as head width and length are of the most use for breed
discrimination, in agreement with Herrera et al. (1996).
This same author observed that heart girth, thorax height
and posterior hip width should not be taken into consid-
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eration in establishing studies of racial differences. Similar
results were found in this study for heart girth (Table 4).
Dossa et al. (2007) working with goats showed that the
best discriminate model used only five morphological mea-
sures from 12 pre-selected, thereby indicating that only a
few measurements are needed to separate breeds. In this
same study it was seen that there is a significant morpho-
logical variation between goat populations depending on
local environmental conditions. These results are not in
agreement with Lisboa and Fernandos (1988), who found

when working with Charolés cattle that a large number of
morphometric measures were needed when working with
aggressive animals in the Field.

Herrera et al. (1996) observed the influence of two
possible factors on the distribution of the breeds in the
dendogram, one of different productive ability and other of
different breed origins. According to the same author, the
head profile is the most important in determining differ-
ent racial origin, those which were convex corresponding
to one origin and the straight and subconcave to another.
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Table 4
Summary of discriminatory analysis for significant weight and morpho-
metric data.

Trait Partial R? Trait Partial R?
W365 0.99 SH 0.71
BW 0.99 HewW 0.56
W180 0.99 HeL 0.29
W110 1.00 BL 0.24

HG 0.14

CBC 0.13

Weights at birth (BW), 110 (W110), 180 (W180) and one year (W365) of
age; SH: shoulder height; HeW: head width; HeL: head length; BL: body
length; HG: heart girth; CBC: cannon bone circumference.

The canonical analysis for weight traits (Fig. 3) shows
a separation of commercial (Dorper, Ideal, Ile) from natu-
ralized breeds (Morada Nova, Crioula). Many breeds were
not well separated in this analysis but some tendencies can
be seen, such as the closeness between Santa Ines in the
Center-west and southeast regions, as well as the closeness
between Bergamasca and Santa Ines with the commercial
breeds.

The canonical analysis for morphometric data (Fig. 4)
shows individuals within breeds for five breeds and sep-
arated Crioula and Bergamasca breeds from Suffolk, Santa
Inés and Texel. Of special interest in Brazil is the Santa Ines
breed. Fig. 4 shows a clear overlay of the Santa Ines with
Suffolk bred in terms of morphological traits. Paiva et al.
(2005) showed that naturalized sheep breeds in Brazil were
closely related which may be due to crossbreeding in the
past in association with genetic drift. Nevertheless these
breeds showed higher genetic diversity than commercial
breeds. There were cases where within breed population
distances were greater than distances between breeds such
as with the Santa Inés. This pattern is consistent with the
hypothesis of existence of the “old Santa Inés” versus the
“New Santa Inés”. Breeders and technicians classify the old
Santa Ines as smaller more rustic animals which were pre-
dominant in the 1980s and 1990s. The New Santa Inés are
more prevalent at present and have a large, well developed
rump which appeared in a large portion of the population in
only a few years. This is more likely to be due to crossbreed-
ing (with Suffolk) than within breed selection (McManus
et al., 2007). The colour of the breed also changed and is
now predominantly brown or black whereas before ani-
mals of various coat colours could be found. The overlaying
of Suffolk and Santa Ines can be clearly seen in Fig. 4.

This breed is an interesting alternative for sheep pro-
duction in Brazil (Costa et al., 2006), being the breed whose
numbers are growing in the country (Farnel, 2008) through
absorbing crosses (McManus et al., 2007). No other breed
shows such strong growth, even in other species (Morais,
2008). Selection for this breed is based almost solely on size
(Costa et al., 2006). According to Madelena (2008), selec-
tion for a single trait such as size is anti-economic as it has
an almost zero correlation with production but increases
maintenance requirements.

To investigate the evolution of Bergamasca sheep breed
over the last two decades in Italy, Riva et al. (2004) took
body measurements and compared with other studies per-
formed in 1984 and 1987. According to this authors, the

comparison of these studies suggests some changes in size
and shape of this breed, which may be due to environment
(higher pasture production, better health status) and selec-
tion (animals with a larger thorax and lower wither height).
Bergamasca sheep population in Italy, tends to demon-
strate an increase in thorax dimensions and a decrease in
height at withers and at rump, this improvement of rump
dimensions may be considered as a selection criterion (Riva
et al, 2004). Data on Bergamasca sheep here show smaller
animals compared to those in Italy, probably because of the
adverse conditions in which they are reared.

Experiments which involve naturalized breeds and the
development of selection programs based on field data are
necessary for the improvement of production systems in
the region. Comparative analyses of the genomes of dif-
ferent domestic breeds might prove to be one of the most
efficient ways of dissecting the genetic basis of phenotypic
variation. Domestic animals will also contribute to basic
biology as they provide unique opportunities for unravel-
ing the genetic basis of phenotypic variation (Andersson
and Georges, 2004).

4. Conclusions

Phenotypic characterization is an accessible tool and
results are in agreement with genetic and phenotypic anal-
yses found in the literature. Breed significantly influenced
weight and body measurements, with Bergamasca and
Santa Inés being the naturalized breeds that were clos-
est to commercial breeds. A clear division in Santa Ines
population was seen while Crioula and Criolla breeds from
different countries were closely grouped.
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