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ABSTRACT

The objective of this study was to evaluate the spatial distribution of purebred Bos taurus taurus bovine
breeds raised in Brazil in association with climatic, physical and socioeconomic variables. The breeds
Aberdeen Angus, Ayrshire, Braford, Brangus, Charolais, Devon, Flemish, Hereford, Pinzgauer, Shorthorn
and Simental were classified according to their aptitude (milk, meat or dual-purpose). They were spatialized
according to their aptitude using state and municipal information. The milk breeds were found in the states
of Rio Grande do Sul and Santa Catarina, while the dual-purpose breeds were found in Minas Gerais and
Rio Grande do Sul states and the beef breeds were concentrated in the southern region. Only the Aberdeen
Angus meat breed showed higher dispersion in other regions. Meat and dual-purpose breeds tended to be
raised in regions with lower maximum temperature, average temperature, thermal amplitude and
temperature-humidity index. Dual-purpose breeds were found in municipalities with high humidity and
altitude, but with a low gross domestic product, little technical guidance received from cooperatives and
the government, low control of diseases and parasites, as well as low use of pasture rotation systems. The
spatial distribution of Brazilian bovine taurine breeds, regardless of aptitude, was related to climatic,
physical and socioeconomic factors.

Keywords: adaptation, dairy, environment, meat, spatialization
RESUMO

O objetivo deste estudo foi avaliar a distribuicdo espacial de ragas bovinas puras Bos taurus taurus criadas
no Brasil, associadas a variaveis climéticas, fisicas e socioeconfmicas. As racas Aberdeen Angus,
Ayrshire, Braford, Brangus, Charolés, Devon, Flamenga, Hereford, Pinzgauer, Shorthorn e Simental
foram classificadas de acordo com sua aptiddo (leite, carne ou duplo-prop6sito). Elas foram
espacializadas de acordo com sua aptiddo a partir de informacgdes estaduais e municipais. As ragas
leiteiras foram encontradas nos estados do Rio Grande do Sul e de Santa Catarina, enquanto as racas de
duplo-proposito foram encontradas nos estados de Minas Gerais e Rio Grande do Sul, e as racas de carne
concentraram-se na regido Sul. Apenas a raca de carne Aberdeen Angus apresentou maior dispersédo nas
demais regides. As ragas de carne e de duplo-propdsito tendem a ser criadas em regifes com menores
temperatura méaxima, temperatura média, amplitude térmica e indice de temperatura e umidade. As ragas
de duplo-propésito foram encontradas em municipios com alta umidade e altitude, mas com baixo produto
interno bruto, pouca orientacgéo técnica recebida de cooperativas e do governo, baixo controle de doencas
e de parasitas e baixo uso de sistema de rotacdo de pastagens. A distribuicao espacial das racas taurinas
bovinas brasileiras, independentemente da aptiddo, foi relacionada a fatores climéticos, fisicos e
socioecondmicos.
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INTRODUCTION

There are around 998.3 million cattle distributed
worldwide (Livestock..., 2017), of which 22.64%
are in Brazil. The Brazilian bovine herd developed
from animals introduced by Portuguese
colonizers, comprising approximately 52 beef
breeds and 13 dairy breeds (Mariante et al., 2003).
Due to continental extension, Brazil has several
different cattle exploitation systems, with
different economies, environments and climates,
and these differences in systems also occur due to
the wide availability of natural resources related
to animal production (Ferreira et al., 2014).
Environmental factors are reflected in cattle
production as a whole, due to its influences on
production variables and the adaptation of
animals (Joost et al., 2010). When importing
animals, it is sometimes unknown whether the
animals will adapt to the new environment.

Thus, animals adapted to a particular environment
may have their production reduced when inserted
into other breeding systems due to environmental
diversity or genotype-environment interaction
(McManus et al., 2010). Therefore, to avoid
production changes, farmers generally try to
mitigate external factors such as climate,
vegetation, geomorphology, nutrition,
management, health, hygiene and even
socioeconomic factors (Herrero et al., 2010).
Cattle breeds undergo the action of several
environmental factors, being the most significant
of them the climate (McManus et al., 2020).
However, the ambient temperature and rainfall

patterns have a significant influence on the
availability of pastures and feed resources
throughout the year, as well as the occurrence of
diseases and parasites. Therefore, environmental
factors should be better studied to increase the
understanding of their effects on cattle breeds'
productive traits (Costa et al., 2014).

Despite its importance for production systems,
there are still few studies on the geographic
distribution of Bos taurus breeds (Hanotte et al.,
2000; Pae et al., 2009). The analysis of
environmental factors together with spatial
information makes it possible to understand
trends in development and concentration of
production and, in this way, to have a new
perspective on aspects of cattle production
(Hermuche et al.,, 2013) and assist in the
elaboration of public policies for consolidating
this activity (Hermuche et al., 2012). Thus, this
study's objective was to evaluate the spatial
distribution of Bos taurus breeds raised in Brazil
associated  with  climatic, physical and
socioeconomic variables.

MATERIAL AND METHODS

The location of registered herds in 2013 of the
Aberdeen Angus, Ayrshire, Braford, Brangus,
Charolais, Devon, Flemish, Hereford, Pinzgauer,
Shorthorn and Simental breeds (Figure 1) was
made available by the National Herd Book
Collares breeders association (31° 46' 34" S and
52° 21' 34" W at an altitude of 9 meters). Breeds
were classified according to their aptitude in milk,
meat or dual-purpose (Table 1).

Table 1. Breeds of cattle in Brazil, number of municipalities and number of animals, according to state and

type of production

Breed Type State Municipalities Number of
Animals
Aberdeen Angus Meat GO, MG, MS, PAPR, RS, SC, SP 129 45,004
Ayrshire Milk RS 1 32
Braford Meat RS, SC 9 29,251
Brangus Meat RS 10 17,175
Charolais Meat PR, RS, SC 9 5,177
Devon Meat RS, SC 6 4,283
Flemish Milk SC 1 50
Hereford Meat RS, SC 12 19,353
Pinzgauer Dual-purpose MG 1 8
Shorthorn Dual-purpose RS 1 236
Simental Dual-purpose MG 1 2,300
Total - 8 180 122,869

Go: Goias; MG: Minas Gerais; MS: Mato Grosso do Sul; MT: Mato Grosso; PA: Para; PR: Parana; RS: Rio Grande do

Sul; SC: Santa Catarina.
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Climatic variables provided by Hermuche et al.
(2013) were used. The climatic data included
precipitation, relative humidity, temperature and
temperature and humidity index (THI). The
average values of precipitation were from images
of the Tropical Rainfall Measuring Mission
(TRMM) sensor from the years 2000 to 2010,
with a spatial resolution of 0.25°, or
approximately 27 km, which were processed in
the Envi 4.7 software. The relative humidity
values were from the National Institute of
Meteorology (INMET), resulting from the
average of an interval of approximately 30 years
of observation of 283 climatological stations
distributed throughout the territory and operated
by the Institute. The stations were spatialized in
the ArcGis 9.3 software, and the humidity data
were interpolated by the Topogrid module in the
same software. The surface temperature averages
correspond to 2000 to 2010, from images of the
MODIS sensor, MOD11 product, being the
average of the monthly surface temperature.

These averages were redesigned in the MRT
software with geotif extension, Lat/Long
geographic projection and Datum WGS 84. The
thermal amplitude was obtained from the
difference between the maximum and minimum
temperatures recorded. The THI refers to the
thermal comfort of the animals, combining air
temperature and relative humidity. This index was
calculated from Thom's equation (1959), in which
THI = Ta + (0.36 x To) + 41.5, where, Ta was
ambient temperature and To was dew point
temperature. Physical variables were also
provided by Hermuche et al. (2013). The physical
variables used were altitude and municipal area,
with the former based on data from the Shuttle
Radar Topography Mission (SRTM). It consisted
of the acquisition of radar data from the entire
surface of the earth (except for extreme latitudes)
with a resolution of 90 meters to elaborate a
digital model. The area of each municipality was
obtained from the Brazilian Institute of
Geography and Statistics (IBGE). The average
altitude per municipality was obtained on the
National Aeronautics and Space Administration
(NASA).

Socioeconomic data of gross domestic product
(GDP), population size and human development
index (HDI) were obtained from the IBGE
website (ibge.gov.br). Municipal data such as
number of cattle, technical guidance received
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from governmental, non-governmental, private
sources, from the farmer himself as well as from
private integrating companies, areas with family
and non-family agriculture, number of
establishments and areas with permanent crops,
number of farms that manage diseases and
parasites and pasture rotation system were
obtained. The HDI was calculated as: HDI =
{LET * El * 11, where LEI was Life Expectancy
Index, EI was the Education Index, and Il was the
Income Index. Statistical analyzes were
performed using the SAS 9.4 program (Statistical
Analysis System Institute, Cary, North Carolina,
USA). The climatic, physical and socioeconomic
variables were standardized by the SAS®
STANDARD procedure, assuming an average of
zero (0) and variance one (1), to minimize the
problems caused by the use of different units and
thus, different variances.

To determine which variables would remain in the
statistical model, PROC LOGISTIC was used,
using the Stepwise method weighted by the
number of animals, with a minimum significance
value of 0.05 and a maximum of 0.10 of output,
with climatic, physical and socioeconomic data as
independent variables. The animals' aptitude
(type) was considered the dependent variable. The
variables that remained in the model were
maximum temperature (Max), thermal amplitude
(Therm_amp), average temperature (A _temp),
relative humidity (RH), temperature and humidity
index (THI), altitude (Alt), gross domestic
product (GDP), technical guidance received from
cooperatives (Coop), technical guidance received
from the government (Gov), disease and parasite
control (Disea_paras) and pasture rotation system
(Past_rot). All selected variables were spatialized
in ArcGis 10.2, with geographic projection
Lat/Long and Datum WGS 84 from the Zonal
Statistics tool based on vector data related to the
municipalities (Censo..., 2012).

The analysis of variance was performed using
PROC GLM with the breed being the source of
variation. The response variables were climatic,
physical and socioeconomic. A multiple binomial
logistic regression was performed with PROC
LOGISTIC to test the breeds' presence by their
aptitude according to the climatic, physical and
socioeconomic variables. Cluster analysis (PROC
CLUSTER) and tree diagram (PROC TREE)
were used to organize the breed information and
form groups according to the similarity between
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the breeds associated with climatic, physical and
socioeconomic variables.

RESULTS

The milk breeds were located in the states of Rio
Grande do Sul (RS) and Santa Catarina (SC)
(Figure 1). The Ayrshire was present in the
municipalities of Alegrete and Uruguaiana (RS)
and the Flemish breed in the municipality of
Lages (SC). The dual-purpose breeds were
located in the municipalities of Lagoa Dourada
(Shorthorn), and Fama (Simental) in Minas Gerais
state (MG) and in in the municipality of Alegrete
(Pinzgauer) in Rio Grande do Sul state (Figure 1).
The meat breeds were concentrated in the
southern region of the country, with only the
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Aberdeen Angus breed spread to the other regions
of the country, being found in the states of S&o
Paulo (SP), Minas Gerais (MG), Goias (GO) and
extending to Para (PA) (Figure 1).

Using the climatic, physical and socioeconomic
variables, six breed groups were formed. The first
group was formed by Angus, Braford, Brangus,
Hereford, Devon and Charolais meat breeds, the
second by Ayrshire milk breed, the third by
Pinzgauer dual-pourpose breed, the fourth by
Flemish milk breed, the fifth by Shorthorn dual-
purpose breed and the last by Simental dual-
purpose breed (Figure 2).
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Figure 1. Spatialization of a) milk, b) dual-purpose, c) meat breeds and d) Aberdeen Angus breed in the

southern and other regions of Brazil.
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Figure 2. Tree diagram of bovine breeds in
Brazil according to climatic, physical and
socioeconomic variables.

Logistic regressions for the aptitude (type) of the
animals (meat, dual-purpose and milk) according
to climatic and physical variables demonstrated a
clear difference in the probability of occurrence
between the meat, dual-purpose and milk breeds.
The meat (type 3) and dual-purpose (type 2)
breeds tend to be raised in municipalities
with lower maximum temperature, average
temperature, thermal amplitude and THI, but with
high humidity and altitude (Figure 3).
Socioeconomic factors showed that dual-purpose
breeds were raised in municipalities with a lower
gross domestic product, little technical guidance
received from cooperatives and integrating
companies, as well as from government, low
disease and parasite control, and low use of the
pasture rotation system (Figure 4).

The variance analysis showed that meat and milk
breeds did not vary for climatic, physical and
socioeconomic variables. The Shorthorn and
Simental dual-purpose breeds stood out from the
others in some variables (Max, Therm_amp, RH,
Coop, Disea_paras and Past_rot). Although, the
Shorthorn breed was located in more stressful
environments, with high values for maximum
temperature  (Max), average temperature
(A_temp), thermal amplitude (Therm_amp) and
temperature and humidity index (THI), but with
better socioeconomic conditions (GDP), while the
opposite occurred with the Simental breed
(Table 2).

Arg. Bras. Med. Vet. Zootec., v.73, n.3, p.693-702, 2021

DISCUSSION

This was the first study looking at the
geographical distribution of Brazilian Bos taurus
breeds. The distribution of the breeds was
examined according to their aptitude and climatic,
physical and socioeconomic variables through
logistic regression, variance and cluster analysis,
determining which of these variables can
contribute to a better understanding of the
adaptation of different breeds to the environment,
helping in the development of environmental
indexes. The movement of animal production
within a country or region has implications for
genetics, adaptation, well-being, nutrition and
production logistics, particularly for Brazil, due to
its large land area (McManus et al., 2016). Most
of the Brazilian herd was made up of Zebu breeds
(Rebanho..., 2015), but cattle breeds of European
origin predominated in the southern region.

As all breeds in this study were taurine,
spatialization has shown that the meat and milk
breeds were distributed in the southern region,
mainly in Rio Grande do Sul (RS) (Figures 1 and
2). The presence of taurine meat breeds in the
southern region was due to the adaptation to the
temperate climate, with better carcass quality,
especially marbling, tenderness and meat quality
(Ferraz and Felicio, 2010). The most numerous
breed in this study was Aberdeen Angus,
introduced in RS, and later it spread to other
regions of the country. The dissemination of the
Aberdeen Angus breed occurred in the 1980s.
Farmers from the central and northern regions
went to the South to buy animals of European
breeds, mainly British, to cross with Zebu animals
(Schneider, 2003). Therefore, these animals were
found in the Southeast and Midwest of Brazil, due
to the crossing with the Nellore breed
(Vasconcellos et al., 2003) (Figure 2).

Also, the meat industry has a production base, in
volume and scale, in the Midwest region (Millen
et al, 2011; Meyer and Rodrigues, 2014,
McManus et al., 2016), due to the intensive use of
the Nellore breed. One of the reasons for the
migration of cattle breeding to the Midwest and
North of Brazil is the reduction of pasture areas in
the South, with the advent of expanding areas for
annual cultivars, such as soybeans and corn
(Maranhdo et al., 2019). Furthermore, the practice
of deforestation in tropical areas in the North
region caused an increase in the areas available for
pasture (McManus et al., 2016).

697



Alfonzo et al.

i € ekt Pributliness. A Tyges

Trakut e st Lo [ tpmew

it -
.
- 1
Prodicted Cumslatier Probabditie lor b Predicted Comailather Probabiities for bype
14
5
5 -
2 I
=
bE ac
[EPR
! Tk )
A _temg
Tyt ]
Frodicted Cumslatien Frobabilities Tor type Pt e Nl Crrread o Brorbabsbrasy for e
vee -

5
H % .
g
F-} =
[

ame -
— B L
e
2 1584 458
o ]
AR
Typs ]

I_:igure 3. L_chistic fegression of climatic and bhysicél variables in the distribution of cattle by meat (typé
3), dual-purpose (type 2) and milk (type 1) production. (Thermal_amp — thermal amplitude; THI —
temperature-humidity index; A_temp — average temperature; Max- Maximum temperature; Alt — altitude;

RH — relative humidity).

698 Arq. Bras. Med. Vet. Zootec., v.73, n.3, p.693-702, 2021



[ R

Frababulty

068

180

Spatial distribution...

Predicied Cumsdatree Probabiitees loe type

Frobabilty
=]

Feab skl y

TG AR AR [ e ]
oP
Tyee ] 2
Privghctind Curmidatiag Probabtalities for Type
Pt L] L L
G
Type ] i

Prisgieted Cumiilatiad Probablities [af By

Type 3 r | 1

Friababedy

Froeh abeld y

043

am

Predicted Cumulathee Probabiities for type

Pant_ret

Tyee 1 E: 1

Predicted Cumalatead Probabalities bod Dype

0 L] Loy
Cisies_pasras

Type 1 3 1

(L]

Figure 4. Logistic regression of socioeconomic variables in the distribution of cattle by meat (type 3), dual-
purpose (type 2) and milk (type 1) production. (GDP — Gross Domestic Product; Past-rot — pasture rotation;
Gov — governmental technical advice; Disea_paras- disease and parasite control; Coop — cooperative

advice)

Arg. Bras. Med. Vet. Zootec., v.73, n.3, p.693-702, 2021

699



Alfonzo et al.

Table 2. Averages of climatic, physical and socioeconomic variables for bovine breeds in Brazil

Climatic and Physical Variables

EliEE Max Therm_amp A_temp RH THI Alt
Angus 30.5+0.1 7.8+0.0 25.8+0.2 66.1+0.6 74.6x0.4 447.8+30.5
Braford 31.0+0.7 7.9+0.2 26.4+0.9 67.6+2.2 75.6%1.5 306.8+114.1
Brangus 31.2+0.6 8.01+0.1 26.9+0.8 69.0£1.9 76.5%1.3 223.1+98.8
Charolais 30.0+0.6 7.7+0.1 26.9+0.9 66.2+2.1 76.2+1.4 564.2+108.2
Devon 31.2+0.8 8.0£0.2 27.4%1.2 64.6+2.8 76.7+1.8 351.1+139.7
Hereford 30.8+0.8 7.9+0.1 26.6+2.9 66.9%1.9 75.8+1.3 343.7+98.8
Pinzgauer 28.5+2.1 7.5+0.6 27.2+2.9 66.0%6.8 77.3x4.5 1,015.7+342.4
Shorthorn 31.9+21 8.2+0.6 30.5+2.9 72.746.8 82.4+4.5 109.5+342.4
Simental 28.2+2.1 7.4%0.6 27.4%2.9 85.1+6.8 79.3x4.5 798.1+342.4
Ayrshire 31.3+15 8.0£0.4 272421 68.0+4.8 77.3+4.5 100.4+342.4
Flemish 32.3+2.1 8.3+0.6 26.2+2.9 66.0+2.1 75.7+4.5 981.9+342.4

Breed Socioeconomic variables

GDP Coop Gov Disea_paras Past_rot
Angus 559,646.5 117.7£15.0 144.6£15.0 922.2+76.0 230.5+17.37
Braford 675,185.2 59.2+56.3 150.5+40.4 1,135.5+284.4 237.5%64.9
Brangus 474,265.7 165.1+48.7 171.7£34.6 1,291.4+246.3 312.4456.2
Charolais 979,420.3 231.8453.4 214.9£37.9 1,157.4+269.8 272.8+61.6
Devon 299,422.6 107.1+68.9 172.5+£49.0 1,446.1+348.4 300.0£79.6
Hereford 492,964.0 65.5+48.7 130.7£34.6 1,043.9+246.3 196.8+56.2
Pinzgauer 91,243.0 4.0+168.9 131.0+120.1 543.0+853.4 140.0£194.9
Shorthorn 63,736.0 208.0+168.9 240.0+120.1 2,327.0+£853.4 368.0+194.9
Simental 27,055.0 28.0£168.9 78.0£120.1 84.0+£853.4 40.0£194.9
Ayrshire 1,255,297.5 111.5+119.4 204.0+84.9 1,423.0+£603.4 266.5+137.8
Flemish 2,361,980.0 7.0£168.9 159.0+£120.1 759.0+853.4 205.0+194.9

Max: maximum temperature, Therm_amp: thermal amplitude, A_temp: average temperature, RH: relative humidity,
THI: temperature and humidity index, Alt: altitude, GDP: gross domestic product, Coop: technical guidance received
from cooperatives, Gov: technical guidance received from the government, Desea_paras: disease and parasite control,

Past_rot: pasture rotation system.

The Simental and Shorthorn breeds were
introduced in Brazil in S&o Paulo and Rio Grande
do Sul states. After confirming these breeds'
adaptation to the physical conditions, they spread
to the states of Minas Gerais, Espirito Santo and
Santa Catarina (Figure 1). The state of Minas
Gerais centralized the two dual-purpose breeds of
this study, due to their adaptation to this region.
The dual-purpose system in the country's tropical
regions was characterized by the use of Bos taurus
taurus versus Bos taurus indicus animals
(Madalena et al., 2012). These breeds combine
milk production with adaptation to the climate,
low-quality pastures, dry seasons, parasites and
diseases (McManus et al., 2011).

Through cluster analysis (Figure 3), it was
possible to form six groups, differing according to
their aptitudes: meat-producing breeds (1-Angus,
Braford, Brangus, Charolais, Hereford and
Devon), milk-producing breeds (2-Ayrshire and
4- Flemish) and dual-purpose breed (3-Pinzgauer,
5-Shorthorn and 6-Simental). These groups were
formed according to the similarity between the
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environment in which these breeds were raised.
Thus, the differences found in a heterogeneous
environment, with climate, specific physical and
socioeconomic components of each region (Lopes
et al., 2012), can affect breeds' distribution.
Although animal production had an important
relationship with the environment, this factor was
not always taken into account by farmers (Silva et
al., 2017). Factors such as climate,
geomorphology, management, nutrition, health,
socioeconomic variables and technology must be
better understood so that that production can be
successful (Herrero et al., 2010; Lopes et al.,
2012; McManus et al., 2014).

The logistic regression showed that the milk
breeds were concentrated in less stressful
environments, with lower temperatures, thermal
amplitude and THI (Figure 4). These breeds were
concentrated in Brazil's southern region, which
had areas with subtropical variables, with mild
summers and cold winters, where the average
temperatures were within the thermal comfort
range for European dairy cattle breeds (Gabbi et

Arg. Bras. Med. Vet. Zootec., v.73, n.3, p.693-702, 2021
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al., 2016). This was confirmed in studies with
meat (Nelore and Brangus) and milk (Holstein)
breeds, which showed that animals raised in the
South of Brazil obtained better performances, due
to the less stressful environments (Costa et al.,
2014; Santana et al., 2016).

On the other hand, the Shorthorn dual-purpose
breed was concentrated in more stressful
environments due to the high values of the
climatic variables, while the opposite occurred
with the Simental dual-purpose breed (Table 2).
Both breeds were located in Minas Gerais state,
where not only milk breeds were used. These
areas have been used for milk production in areas
for planting crops such as corn and coffee and
breeding dual-purpose cattle (Guimarédes et al.,
2008). High altitudes characterized this region,
700 to 1,080 meters, with a Kdppen climatic
classification between B2 and B3 (wet). In these
areas, the animals undergo some periods of
thermal discomfort due to high temperatures and
relative humidity (Oliveira et al., 2006) making
production difficult. The production indices of
dual-purpose breeds are low and concentrated in
family farms that did not receive or receive little
technical guidance (Figure 5 and Table 2).

This was also shown in a study in the country's
Southeast, where most farms did not receive
technical guidance (Paixdo et al., 2015). A
similar result was found by Censo... (2006),
where only 22% of the investigated farms
received technical guidance. In a country where
the environment is heterogeneous, each of the
variables studied is expressed differently
depending on the region where the breeds occur.
This becomes evident when comparing cattle
raised in the South and those raised in the
Southeast. Cattle numbers were different, which
may be due to the great environmental and
socioeconomic  distinctions  between  these
regions.

CONCLUSIONS

The spatial distribution of Brazilian bovine
taurine breeds, regardless of aptitude, is related to
climatic, physical and socioeconomic factors such
as maximum temperature, average temperature,
thermal amplitude, temperature and humidity
index, humidity and altitude, gross domestic
product, technical guidance received from
cooperatives and the government, control of
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diseases and parasites and the use of pasture
rotation system. The meat, milk and some dual-
purpose (Simental and Pinzgauer) breeds were in
environments more favorable to higher
production levels, unlike the Shorthorn breed,

which was located in a more stressful
environment.
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