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ABSTRACT.- Negreiros R.L., Grisi-Filho J.H.H., Dias R.A,, Ferreira F, Homem V.S.F, Ferreira
Neto J.S., Ossada R. & Amaku M. 2018. Cattle trade between and within biomes in the
state of Mato Grosso, Brazil. Pesquisa Veterindria Brasileira 38(11):2023-2028. Faculdade
de Medicina Veterinaria e Zootecnia, Universidade de Sdo Paulo, Avenida Prof. Dr. Orlando
Marques de Paiva 87, Sdo Paulo, SP 05508-270, Brazil. E-mail: amaku@vps.fmvz.usp.br
The analysis of animal movement patterns may help identify farm premises with a
potentially high risk of infectious disease introduction. Farm herd sizes and bovine movement
data from 2007 in the state of Mato Grosso, Brazil, were analyzed. There are three different
biomes in Mato Grosso: the Amazon, Cerrado, and Pantanal. The analysis of the animal trade
between and within biomes would enable characterization of the connections between the
biomes and the intensity of the internal trade within each biome. We conducted the following
analyses: 1) the concentration of cattle on farm premises in the state and in each biome, 2) the
number and relative frequency of cattle moved between biomes, and 3) the most frequent
purposes for cattle movements. Twenty percent (20%) of the farm premises had 81.15% of
the herd population. Those premises may be important not only for the spread of infectious
diseases, but also for the implementation of surveillance and control strategies. Most of the
cattle movement was intrastate (97.1%), and internal movements within each biome were
predominant (88.6%). A high percentage of movement from the Pantanal was to the Cerrado
(48.6%), the biome that received the most cattle for slaughter, fattening and reproduction
(62.4%, 56.8%, and 49.1% of all movements for slaughter, fattening, and reproduction,
respectively). The primary purposes for cattle trade were fattening (43.5%), slaughter
(31.5%), and reproduction (22.7%). Presumably, movements for slaughter has a low risk
of disease spread. In contrast, movements for fattening and reproduction purposes (66.2%
of all movements) may contribute to an increased risk of the spread of infectious diseases.

INDEX TERMS: Cattle movement, herd size, biomes, Mato Grosso, infectious disease.

RESUMO.- [Transito de bovinos entre e dentro dos biomas tamanho de rebanho, ambas de 2007. Ha trés biomas diferentes
no estado de Mato Grosso, Brasil.] A analise dos padrdes em Mato Grosso: Amazonia, Cerrado e Pantanal. A andlise
de transito animal pode ajudar a identificar estabelecimentos  do transito animal entre e dentro dos biomas nos permitiu
sob um risco potencialmente maior de introdugdo de doenga  caracterizar quio conectados sdo os biomas e quéo intenso
infecciosa. Foram analisadas a rede de transito de bovinos ¢ ¢ transito interno dentro de cada bioma. Conduzimos as
no estado do Mato Grosso, Brasil, e uma base de dados com  geguintes analises: 1) se o rebanho bovino est4 concentrado
- em alguns estabelecimentos no estado todo e em cada bioma;
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(88,6%). Um percentual alto de movimentos do Pantanal
(48,6%) foi para o Cerrado, o bioma que recebeu mais bovinos
para abate, engorda e reproducao (62,4%, 56,8% e 49,1%
de todos os movimentos para abate, engorda e reproducao,
respectivemente). Os principais propositos para o comércio de
bovinos foram engorda (43,5%), abate (31,5%) e reproducdo
(22,7%). Movimentos para abate presumivelmente oferecem
um baixo risco para espalhamento de doenca. Em contraste,
movimentos para engorda e reproducao (66,2% de todos os
movimentos) podem contribuir para o aumento do risco de
espalhamento de doengas infecciosas.

TERMOS DE INDEXACAO: Trénsito de bovinos, tamanho de rebanho,
biomas, Mato Grosso, doenca infecciosa, bovinos.

INTRODUCTION

The movement of animals between farm premises may
contribute to the spread of infectious diseases. Hence, an
understanding of the characteristics of the network of
animal movements may help prevent or control the spread
of diseases. In a scenario with no control measures in place,
one could assume that the risk of disease spread between
farm premises increases as the number of animals moved
increases (Amaku et al. 2015). Thus, the analysis of animal
movement may help identify farm premises with a potentially
high risk of infectious disease introduction.

The state of Mato Grosso (MT) had the largest cattle herd
(25.7 million cattle) in Brazil in 2007 (IBGE 2015b). There are
three different biomes in the state (Fig.1): the Amazon (primarily
rainforest), Cerrado (savannah), and Pantanal (floodplain).
These biomes cover, respectively, 49%, 24%, and 2% of the
country (IBGE 2015a). Approximately 8% of the Cerrado and
40% of the Amazon are protected areas (Bustamante 2015).
Thus, the intensity of livestock production and trade raises
economic and environmental concerns. The analysis of the
animal trade within and between biomes would enable the
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Fig.1. Map of the state of Mato Grosso, Brazil and the areas of the
Amazon, Cerrado, and Pantanal biomes.
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characterization of the connections between biomes and the
intensity of the internal trade within each biome.

Cipullo et al. (2016) reported an association between
herd size and cattle trade in the state of Mato Grosso in 2007,
and that larger size herds traded more animals than smaller
herds. Herd size was also identified as a risk factor for bovine
brucellosis in Mato Grosso (Negreiros et al. 2009). Thus, the
analysis of the distribution of herd size, in the state and by
biome, would contribute to the characterization of the herd
distribution within the state.

Cipullo etal. (2016) analyzed the network for reproduction
purposes and the network without abattoirs in Mato Grosso in
2007. They found a statistically significant difference between
brucellosis, positive and negative farms, from a survey carried
outin 2002-2003 (Negreiros etal. 2009) in the total number
of bovines and batches of bovines moved, in the number of
bovines and batches sold, and in the average herd size. These
findings raise the question of whether the purposes for cattle
movement are different in different biomes.

Our intention is to characterize the cattle trade between and
within biomes in Mato Grosso. Using the 2007 data regarding
network of bovine movements and premises herd sizes in
Mato Grosso, we analyzed if the cattle herd is concentrated
on some farm premises in the state and within each biome,
the intensity of cattle movements between biomes in the
state, and the most frequent purposes for cattle movements.

MATERIALS AND METHODS

Data on farm herd sizes on December 31, 2007 and on the cattle
movement network in the state of Mato Grosso in 2007 were
analyzed. Both databases (herd size and cattle movement network)
were provided by the local veterinary agency (Instituto de Defesa
Agropecudria do Estado de Mato Grosso, Indea/MT). Movements
with origin and destination on the same premises were excluded
from the analysis.

There were 112,924 premises registered with the 141 Indea/MT
offices; 88,451 of those premises moved bovines in 2007. In addition,
data on herd size were available for 100,216 premises, and biome
identification (Amazon, Cerrado or Pantanal) was available for
67,945 farm premises.

The following analyses were performed: 1) if the cattle herd is
concentrated on some farm premises, 2) the number and relative
frequency of cattle moved between biomes, and 3) the most frequent
purposes for cattle movement (reproduction, fattening, slaughter,
exhibition, markets, or sports and work).

The median herd sizes of the three biomes were compared
using the Kruskal-Wallis test. The analyses were performed in R
(R Core Team 2017).

RESULTS AND DISCUSSION

Descriptive data on the area of the biomes, number of
slaughterhouses, number of premises in the animal movement
database, number of premises in each biome, and cattle moved
from/to a given biome are shown in Table 1. Note that the biome
Pantanal consistently (lower percentages) has the smallest
area and the lowest number of slaughterhouses, premises,
and cattle moved. In a comparison between the Cerrado and
the Amazon, the Cerrado, which is a biome with an intense
economic activity in Mato Grosso, has the smaller area and
number of premises, but a higher number of slaughterhouses
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Table 1. Descriptive data regarding the biomes
Amazon Cerrado Pantanal
Area in square kilometers (% of state area) (CMT 2018) 480,251 354,823 60,885
(53.6%) (39.6%) (6.8%)
Number of slaughterhouses in the animal movement database 19 43 5
(28.3%) (64.2%) (7.5%)
Number of premises in Mato Grosso analyzed in the animal movement database 42914 39,661 5,108
(48.9%) (45.2%) (5.8%)
Cattle moved from the biome 6,475,775 7,931,595 1,098,725
(41.8%) (51.1%) (7.1%)
Cattle moved to the biome 5,854,965 8,880,314 770,816
(37.7%) (57.3%) (5.0%)

and cattle moved. On the other hand, the Amazon has the
larger area and number of premises, but a lower number
of slaughterhouses and animals moved. The cover extent of
Amazon forest (Morton etal. 2011) could partially explain the
lower volume of animal trade in comparison to the Cerrado.

Other cattle movement studies were performed in the Brazilian
states of Pernambuco (Silva Junior et al. 2017), Mato Grosso
and Mato Grosso do Sul (Capanema et al. 2012), and Parana
and Santa Catarina (Felipe et al. 2013). Capanema et al. (2012)
and Felipe et al. (2013) analyzed the cattle movement for
slaughter and identified the slaughter poles. As mentioned
by Silva Junior et al. (2017), in the cattle movement of Mato
Grosso, Negreiros (2010) observed that slaughterhouses
were important hubs of the cattle trade network, followed
by markets and big farms. Beef production for national and
international consumer markets is an important economic
activity in Mato Grosso (Silva Junior et al. 2017). In contrast,
in Pernambuco the majority of cattle production is in small
scale and livestock markets were important hubs (Silva
Janior et al. 2017).

The distribution of herd size by biome is shown in Figure 2.
The Kruskal-Wallis test revealed a significant difference
among the median herd sizes of the three biomes (p<0.001).
The median herd sizes and the corresponding interquartile
ranges (IQR) for the Amazon, Cerrado, and Pantanal were
98 (IQR: 39-269), 110.5 (IQR: 43-333), and 148 cattle
(IQR: 50-494.2), respectively (Table 2).

The analyzed database included 26.9 million cattle.
An analysis of herd size revealed that 20% of the farm premises
had between 1 and 19 cattle (0.75% of the state herd); 20%
of the farm premises had between 19 and 42 cattle (2.20%
of the state herd); 20% of the farm premises had between
42 and 90 cattle (4.70% of the state herd); 20% of the farm
premises had between 90 and 248 cattle (11.20% of the
state herd); and 20% of the farm premises had between
248 and 136,005 cattle (81.15% of the state herd).

Figure 3 shows the percentage of the total herd size as a
function of the percentage of the largest herds in the three
biomes and in the state. The curves for the three biomes are
similar, and the 20/80 rule applies approximately to all three
biomes: the largest 20% of the herds included approximately
77% of the total population. Statewide, the largest 20% of the
herds included 81.15% of the total population, as mentioned
above. Biome identification was available for only 68% of

Table 2. Descriptive statistics of herd size by biome,
showing the minimum, the first quartile (Q1), the median,
the mean, the third quartile (Q3), and the maximum value

Parameter Amazon Cerrado Pantanal
Minimum 1 1 1
Q1 39 43 50
Median 98 110.5 148
Mean 350.1 415.6 545.5
Q3 269 333 494.2
Maximum 94,664 47,839 35,954
1000-
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Fig. 2. Distribution of herd size by biome.

all herds in the dataset, which may explain the discrepancy
between the ratio observed for the state and for each biome.

This finding approximately obeys the 20/80 Pareto
Principle and indicates that roughly 80% of the state herd is
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concentrated on 20% of the farm premises. Cipullo etal. (2016)
analyzed the same database and observed that herd size and
animal trade were positively associated, and also that farms
positive for bovine brucellosis in the 2003 survey were trading
and selling more than the negative farms in 2007, which
presumably increased the risk of disease dissemination.
Hence, the primary cattle traders are potential spreaders of
infectious diseases through the animal trade network and
deserve special attention from the veterinary surveillance
system.

Table 3 shows the number and percentage of cattle moved
intrastate and interstate for different purposes. Most cattle
movement was intrastate (97.1%). Of the 15,965,825 bovines
moved within the state, 6,944,103 (43.5%), 5,031,387 (31.5%),
and 3,623,514 (22.7%) were moved for fattening, slaughter,
and reproduction, respectively. In the state of Pernambuco,
most cattle movement (91.3%) was also intrastate (Silva
Jinior et al. 2017).

Analysis of bovine movement by biome revealed that
most bovines were moved within the same biome (Fig.4).
The Cerrado received the most bovines for slaughter, fattening,
and reproduction (Table 4); it was the destination of 62.4%,
56.8%, and 49.1% of all movements for slaughter; fattening,
and reproduction, respectively.

Analysis of movements between biomes (Table 4 and Fig.4)
revealed the percentage of movements from the Pantanal
(48.6%) or the Amazon (12.6%) to the Cerrado. In absolute
figures, the number of bovines (398,430) moved from the
Cerrado to the Pantanal or the Amazon was less than the
number (1,347,149) moved from the other two biomes to
the Cerrado. Of the 15,506,095 bovines moved within the
state, 1,762,305 (11.4%) were moved between biomes. Thus,
internal movement within each biome was predominant
(Fig.4). When cattle purchases were analyzed, including
movements within each biome, the Pantanal had the lowest
rate of cattle purchased (5.0%). As presented in Figure 1, the
Pantanal is also the smallest of the three biomes. Although the

Table 3. Cattle moved for different purposes in the state of
Mato Grosso

Intrastate Interstate
Purpose Total
(% of total) (% of total)
Slaughter 4,776,943 254,444 5,031,387
(29.9%) (1.6%) (31.5%)
Fattening 6,762,209 181,894 6,944,103
(42.4%) (1.1%) (43.5%)
Reproduction 3,600,964 22,550 3,623,514
(22.6%) (0.14%) (22.7%)
Exhibition 16,838 435 17,273
(0.11%) (0.0027%) (0.11%)
Market 342,406 398 342,804
(2.1%) (0.0025%) (2.1%)
Sports/Work 6,735 9 6,744
(0.04%) (0.000056%) (0.04%)
TOTAL 15,506,095 459,730 15,965,825
(97.1%) (2.9%)
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Pantanal had the least intense trade, an important extension
of the Brazilian international frontier is in the Pantanal area.

Transport within each biome was predominant (88.6%
of all movements). This finding is partially related to the
community structure observed in cattle movement among the
counties in Mato Grosso in 2007 (Grisi-Filho etal. 2013), and
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Fig. 3. Percentage of total herd size as a function of the percentage
of the largest herds in each biome and in Mato Grosso.
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Table 4. Cattle moved for slaughter, fattening, and reproduction by biome

Destination
Amazon Cerrado Pantanal TOTAL
Purpose Origin Cattle Cattle Cattle Cattle
(%) (%) (%) (%)
Total Total Total Total
Slaughter Amazon 1,604,448 326,650 0 1,931,098
(28.4%) (40.2%) 0% (29.8%)
5,658,146 813,198 4,431 6,475,775
Cerrado 25,750 2,476,116 71,773 2,573,639
(14.0%) (32.9%) (33.6%) (32.4%)
184,524 7,533,165 213,906 7,931,595
Pantanal 0 178,615 93,591 272,206
0% (33.5%) (16.9%) (24.8%)
12,295 533,951 552,479 1,098,725
TOTAL 1,630,198 2,981,381 165,364 4,776,943
(27.8%) (33.6%) (21.5%) (30.8%)
5,854,965 8,880,314 770,816 15,506,095
Fattening Amazon 2,456,131 332,129 3,696 2,791,956
(43.4%) (40.8%) (83.4%) (43.1%)
5,658,146 813,198 4,431 6,475,775
Cerrado 103,444 3,295,499 77,474 3,476,417
(56.1%) (43.7%) (36.2%) (43.8%)
184,524 7,533,165 213,906 7,931,595
Pantanal 9,065 214,840 269,931 493,386
(73.7%) (40.2%) (48.8%) (44.9%)
12,295 533,951 552,479 1,098,725
TOTAL 2,568,640 3,842,468 351,101 6,762,209
(43.9%) (43.3%) (45.5%) (43.6%)
5,854,965 8,880,314 770,816 15,506,095
Reproduction Amazon 1,542,251 145,987 735 1,688,973
(27.3%) (18.0%) (16.6%) (26.1%)
5,658,146 813,198 4,431 6,475,775
Cerrado 52,490 1,531,014 63,706 1,647,210
(28.4%) (20.3%) (29.8%) (20.8%)
184,524 7,533,165 213,906 7,931,595
Pantanal 3,150 92,501 169,130 264,781
(25.6%) (17.3%) (30.6%) (24.1%)
12,295 533,951 552,479 1,098,725
TOTAL 1,597,891 1,769,502 233,571 3,600,964
(27.3%) (19.9%) (30.3%) (23.2%)
5,854,965 8,880,314 770,816 15,506,095

potentially related to a preference for short- or medium-distance
(a median less than 100 kilometers) movements (Negreiros
2010). When we consider only intrastate movements, the
median geodesic spatial distance (in kilometers) for the batches
moved from the biomes Amazon, Cerrado, and Pantanal were
73 (IQR: 35-159), 77 (IQR: 36-153), and 97 (IQR: 59-143),
respectively. The interquartile ranges were similar for the
Amazon and the Cerrado, but the median distance for the
Pantanal was longer. However, the distance distribution for
all biomes is compatible with a short- or medium-distance
movement pattern, suggesting that spatial closeness,
potentially related to an underlying network of cattle trade,
is a determinant factor for animal movement.

The percentages of animals moved for slaughter within
the Amazon, Cerrado, and Pantanal biomes were 27.8%,
33.6%, and 21.5%, respectively, with regard to all movements
to that biome (Table 4). The percentages of animals moved
for fattening were 43.9%, 43.3%, and 45.5%, respectively.
The percentages of animals moved for reproduction were
27.3%, 19.9%, and 30.3%, respectively. Thus, in all biomes,
movements for fattening prevailed over movements for slaughter
or reproduction. Interestingly, in the Pantanal, we observed a
higher percentage of animals moved for reproduction (30.3%)
than for slaughter (21.5%). Historically, the Pantanal has been
considered a breeding area (Santos etal. 2002). There was a
low number of slaughterhouses in the Pantanal (Table 1) and
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the slaughtering of most cattle from the Pantanal occurred
in the Cerrado (Table 4). The percentage of animals moved
for slaughter from the Amazon was similar to the percentage
moved for reproduction.

Cattle movement for slaughter has a low risk of disease
dissemination. However, movement for fattening or reproduction
may contribute to the spread of certain diseases, such as
bovine brucellosis, which had a herd prevalence of 41.2% in
the state according to a survey performed in 2002 and 2003
(Negreiros etal. 2009). The herd prevalence was reduced to
24.0% in 2014 (Bardall et al. 2016).

Although the Amazon was the biome with the largest
number of premises in Mato Grosso in the analyzed animal
movement network (Table 1), probably related to its large
area, it was not the biome with the most intense cattle trade
pattern (Fig.4). Our findings suggest that, regarding cattle
trade, all biomes were anthropized. The economic activity
in Mato Grosso is intense in the Cerrado area. Amongst the
11 Mato Grosso counties with more than 50,000 inhabitants
(Wikipedia 2018), 8 are located in the Cerrado, 2 in the Amazon
and 1 in the Pantanal biome. Cerrado was the biome with the
most intense cattle trade pattern (Fig.4), what presumably
explains the fact that the largest number of slaughterhouses
in Mato Grosso was in the Cerrado. Capanema et al. (2012)
found four counties that were important poles in the cattle
movement for slaughter in Mato Grosso, three located in
the Cerrado and one in the Amazon. Although the median
herd size in the Pantanal was the largest (Table 2), the least
intense cattle trade pattern was observed there, which could
be related to the smallest area, the lowest number of farm
premises and slaughterhouses, and also to the environmental
constraints since it is a floodplain.

CONCLUSIONS

Twenty percent (20%) of the farm premises had 81.15%
of the Mato Grosso state herd in 2007. Those farms may be
important for the spread of infectious diseases and, conversely,
for the implementation of surveillance and control strategies.

Most cattle movement was intrastate (97.1%); within
the state, internal movements within each biome were
predominant (88.6%).

The primary purposes for the cattle trade were fattening
(43.5%), slaughter (31.5%), and reproduction (22.7%).
Movement for slaughter has a low risk of disease spread.
However, movement for fattening or reproduction (66.2%)
may contribute to an increased risk of the spread of certain
infectious diseases, such as bovine brucellosis.
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