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Abstract

The Paraguayan Chaco has experienced, in the last few decades, some of the highest rates
of deforestation in the world. In parallel, this region has registered an increase in the num-
ber of cattle heads of 60% in the last decade. Taking into account the high environmen-
tal and socioeconomic impact of this expansion, the aim of this work was to reveal how
Beef—cattle ranching is carried out and to establish a typology that allows us to identify the
different land-use patterns followed by the ranches. Data were collected using face-to-face
structured interviews of 80 ranch owners. In the region ranches co-exist that practise the
cow—calf system, the whole-cycle system and the fattening system. In all cases, ranches
are very large, pasture based, highly specialised in Beef—cattle and export-oriented. Three
groups of ranches were identified, being the main differentiating drivers: (i) the availability
of the different production factors, (ii) the distribution of total area, and (iii) the degree
of intensification in the use of capital, labour and/or technology per unit of agricultural
area. In addition, it is noted that the years of activity of the ranches are related to these
drivers. The typology of ranches contributes to a better understanding of one of the most
active livestock frontiers in the world and shows that the expansion process taking place in
the Paraguayan Chaco is associated with an intensification of Beef—cattle systems. These
results provide a useful approach to develop policies that regulate the expansion of the cat-
tle frontier in the Paraguayan Chaco.

Keywords Tropical deforestation - Farming systems - Sustainable development - Principal
component analysis

1 Introduction

The tropical dry forests of the Paraguayan Chaco, located in the west of Paraguay, have
become a deforestation hotspot as a consequence of the cattle ranching expansion (Bau-
mann et al., 2017; Caldas et al., 2015; le Polain de Waroux et al., 2018). The Gran Chaco,
in which the Paraguayan Chaco is located, has, in the last few decades, experienced some
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of the highest rates of deforestation in the world: 14 million ha (12.0% of its total terri-
tory) of forests have been converted to agricultural land between 1985 and 2013 (Baumann
et al., 2016; Graesser et al., 2015). More specifically, in the Paraguayan Chaco, an average
annual rate of deforestation of 1.0% was reported between 1987 and 2012, with a total loss
of 44,000 km? of forest (Baumann et al., 2017). The rate of deforestation more than dou-
bled between 2001 and 2012, as compared to the one observed between 1987 and 2000.
Fundamentally the forest is turned into grassland for animal feeding (Baumann et al., 2016,
2017; Caldas et al., 2015), making cattle ranching the main type of land-use in the Para-
guayan Chaco, after forests.

Although the main driver of this expansion is the significant increase in demand for meat
worldwide (Tilman & Clark, 2014), other factors that are considered drivers of the expan-
sion of agricultural frontiers (Caldas et al., 2015; le Polain de Waroux et al., 2016, 2018;
Meyfroidt et al., 2018; Piquer-Rodriguez et al., 2018) have concurred in the Paraguayan
Chaco favouring the development of Beef—cattle ranching in recent decades. Among these
factors, the availability of low-priced land stands out; while purchasing new land is cheaper
than carrying out the tasks necessary to restore the soil, the livestock frontier will continue
to advance (Kaimowitz & Angelsen, 2008; Soto & Goémez, 2012; le Polain de Waroux
et al., 2016, 2018). Furthermore, improvements in accessibility (Barber et al., 2014; Rudel,
2007) created by the construction of the Transchaco route in the 1960s, and technological
improvements in novel areas that improve soil productivity, such as drainage systems, or
research into drought-resistant pastures that are well adapted to the climatic conditions of
the Chaco (Glatzle, 2004; Glatzle et al., 2019; Schnellmann et al., 2018) are favouring the
aforementioned expansion.

In addition, two drivers are considered relevant for an understanding of what has hap-
pened in the Paraguayan Chaco in the last 20 years, these being competition for the use of
the land and restrictions in the legislation of certain specific, neighbouring areas. Thus,
the rise in the price of soy in relation to beef created incentives to convert traditional pas-
tures into land for soybean cultivation, driving out and displacing Beef—cattle ranching into
cheaper, forested areas (Barona et al., 2010; Fehlenberg et al., 2017; Gasparri & le Polain
de Waroux, 2015; Nepstad et al., 2006; Parente et al., 2019). The restrictions on deforesta-
tion legislation in neighbouring countries, and the approval in 2004 of the zero-deforesta-
tion law which affected the eastern region of Paraguay, prompted a significant number of
agricultural producers and investors from Brazil, Argentina, Uruguay and eastern Paraguay
to purchase large areas of land in the Paraguayan Chaco in the last decade of the last cen-
tury and the first decade of the current one (Baumann et al., 2017; le Polain de Waroux,
2019).

This expansion of the livestock frontier, the activities that are being carried out and how
they interact with the ecosystem, is a key process of global environmental change. The
growth of bovine censuses in the Paraguayan Chaco, besides being the direct cause of the
aforementioned deforestation, has also been accompanied by an increase in the area cul-
tivated with highly productive exotic grasses such as Gatton panic (Panicum maximum)
and Buffel grass (Cenchrus ciliaris), advances in beef crossbreeding creating well-adapted
hybrid breeds, such as Brangus and Braford breeds that respond to the quality requirements
demanded by the market, the construction of modern refrigerated slaughterhouses in the
area and other related supply industries, as well as changes in the ownership and struc-
ture of the land (Baumann et al., 2016, 2017). All of this contributes to a high environ-
mental and socioeconomic impact, which is part of the wide and current debate on food
security and sustainability of livestock systems (Garnett et al., 2013; Phalan et al., 2011;
Springmann et al., 2018). In this sense, knowledge and assessment of the sustainability of
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livestock systems are a key step in the challenge facing society today. This is more evident
when we are not talking about traditional livestock systems, but rather about new systems
that are occupying areas that until now were in pristine conditions.

The evaluation of the sustainability of livestock production systems requires prior
knowledge of how the livestock activity is related to the environment in which it is devel-
oped and what characteristics it has in terms of structure, use and combination of resources
(Diaz-Gaona et al., 2019; Stylianou et al., 2020). Moreover, the establishment of typolo-
gies is useful to understand and capture the heterogeneity of situations that arise and their
underlying factors, facilitating the development of policies that are well adapted to the dif-
ferent co-existing realities and ensure the sustainability of such livestock production sys-
tems (Bussoni et al., 2019; Escribano et al., 2016; Milén et al., 2006; Stylianou et al., 2020;
Toro-Mujica et al., 2019).

In view of the scarcity of works that have studied the livestock frontier of the Para-
guayan Chaco, from the point of view of Beef—cattle ranching, we aim to improve knowl-
edge about these livestock systems. In this work, we address the following questions: What
are the main Beef—cattle production systems in the area? What factors determine them?
Are there patterns across time and space in relation to the occurrence of the typologies?
The answers to these questions are the first step to assess the sustainability of these live-
stock systems and design public policies and actions that regulate and improve the rela-
tionship between Beef—cattle ranching and its environment. Hence, our specific objective
here is, on the one hand, to characterise Beef—cattle ranching in the Paraguayan Chaco and
show what trends are observed and, on the other hand, to establish a typology that allows
us to identify the different land-use patterns followed by the ranches.

2 Materials and methods
2.1 Study area

In Paraguay, livestock farming is one of the most significant sectors of its economy,
accounting for 2.4% of its GDP in 2019 (BCP, 2021). Bovine is the predominant live-
stock, which has tripled is bovine, which has tripled in volume over the last 50 years,
currently standing at 14.0 million head of cattle (SENACSA, 2020). The rate of increase
in the bovine population has accelerated in recent years, such that between 2010 and
2020, the volume of cattle rose 24.0% (SENACSA, 2020). Most of this production was
destined for exportation, which places Paraguay as the ninth largest exporter of bovine
livestock in the world, with 371,000 tonnes exported in 2020 alone (USDA, 2019).
Although the Paraguayan eastern region (Regién Oriental) contains the majority of
the bovine population, it is the western region (Region Occidental), or the Paraguayan
Chaco, that has recorded the greatest increase in cattle numbers in recent years: 59.9%
between 2010 and 2020 (SENACSA, 2020). The result is that currently, the bovine cen-
sus in the Paraguayan Chaco amounts to 6.7 million head of cattle (SENACSA, 2020),
which means an average density of 27 head per km?, a value close to the density of
neighbouring areas of Brazil (16 head per km? in Para and 32 head per km? in Matto
Grosso) and the Argentine Chaco (11 head/km?) according to Fernandez et al. (2020).
Currently, three types of Beef—cattle production co-exist in the Paraguayan Chaco: (1)
the cow—calf system that only carries out breeding, (2) the fattening system, which buy
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calves after weaning to rear them for slaughtering, and (3) whole-cycle system, which
combine breeding and fattening. However, there are no statistics on which system pre-
dominates, nor how they are distributed throughout the region.

The Paraguayan Chaco forms part of the Gran Chaco, one of the largest remaining
patches of forest/savanna ecosystems in Latin America. This dry woodland ecoregion
covers more than 114 million hectares and is divided among Argentina (59%), Paraguay
(23%), Bolivia (13%), and Brazil (5%) (Naumann, 2006). Specifically, the Paraguayan
Chaco occupies 61% (246,925 km?) of the Paraguayan territory and is divided into three
departments (there being a total of seventeen in the country): Alto Paraguay, Boquerdn,
and Presidente Hayes (Fig. 1). This region has an exceedingly low population density; only
3% of Paraguay’s population resides there (Vazquez, 2007).

The Paraguayan Chaco is characterised by a flat topography, ranging from 80 m.a.s.l.
in the eastern section to 400 m.a.s.l. in the west. The average temperature is around 25°C,
with maximums reaching 40°C. The rainy season is the warmest and lasts from October to
April. The highest levels of rainfall are found on the eastern side of the Chaco (1400 mm),
adjacent to the Paraguay river. These values gradually decrease as one moves away from
this area, reaching the minimum in the north-western region (less than 500 mm) (REDIEX,
2009). As a result, three distinct climates (moist sub-humid in the south-east, dry sub-
humid in the centre and north, and semi-arid in the west) and five ecoregions (Mereles
et al., 2013) can be delineated.

The lands of the Paraguayan Chaco were home to isolated indigenous peoples until the
middle of the nineteenth century, when they were almost entirely sold by the government
to Brazilian, Argentine, English, and French companies after the War of the Triple Alli-
ance (Vazquez, 2007). In the 1920s, the Paraguayan government granted certain privileges
for the establishment of Mennonite colonies arriving from Canada, Russia, and Germany,
who settled and lived alongside the indigenous communities. In the 1960s, due to the con-
struction of the Transchaco route, which was the first road communication in the region,
the Mennonite colonies experienced sustained growth. The improvements in infrastruc-
ture facilitated the expansion of dairy farming, which supplied milk to practically all of
Paraguay, and even to some of the neighbouring countries. In the 90 s, the development
of Beef—cattle farming began, with investments being made not only by the Mennonites,
but also by foreigners from neighbouring countries, especially Brazilians, Uruguayans, and
Argentines, who acquired large expanses of land (le Polain de Waroux, 2019).

There are several laws in place in Paraguay designed to protect natural and forest
resources, particularly Law 542/95, which requires that 25% of the surface area of farm-
ing estates remains forested. In addition, Decree 18,831/86 requires that protective fringes
at least 100 m wide be maintained on the margins of rivers, streams, and lakes. It is also
forbidden to cut through fields with a gradient greater than 15%, nor if they do not have
connectivity solutions (connectivity between forested zones), thus enforcing that in areas
larger than 100 ha, forested fringes at least 100 m wide must be maintained between plots.
Compliance with these regulations would imply that a farming estate would retain more
than 25% of its surface area as native forest. Moreover, the conditions that must be met
for planned deforestation to be approved are becoming more stringent. For example, the
right to carry out deforestation in the Chaco for the purpose of livestock farming requires
that this change in land use be done according to a silvo-pastoral system (Veit & Sarsfield,
2017). In 2009, there was an attempt to expand the zero-deforestation law that had been
established in 2004 to protect the Atlantic forest in the eastern region to the Chaco. How-
ever, the proposed law was rejected by Paraguay’s Camara de Diputados (the lower house
of parliament).
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Fig. 1 Map of Paraguay and the Paraguayan Chaco region

2.2 Data collection and statistical analysis

The data used refer to 2018 and were collected by means of a farm survey carried out face-
to-face by one of the authors with the owner or manager of the Beef—cattle ranch located in
the Paraguayan Chaco. The criteria used to define the sample were that the ranch had more
than 30 heads of Beef—cattle and a total area of 150 ha at least. Also, an attempt was made
to cover the entire territory of the Chaco and to ensure that the farms were representa-
tive of different sizes and productive orientations (i.e. cow—calf, fattening and whole-cycle
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system) as well as to include ranches of different ages. Based on these criteria, an initial
list of ranchers (20) was obtained by contacting the Rural Association of Paraguay. After
contacting these ranchers, the sample was expanded using chain references (snowball sam-
pling). The snowball referral technique is commonly employed in research when there are
no official data from the reference population stratified according to the criteria that sample
must meet. A total of 83 questionnaires were filled out, although 3 were discarded due
to inconsistencies. Table 1 shows the final distribution of the sample. The total number
of cattle ranches in the Paraguayan Chaco in 2018 was 8005 (SENACSA, 2020) without
differentiating between dairy cattle or Beef—cattle ranches; thus, a sampling error of less
than + 10.9% at the 95% level of confidence was assumed.

The questionnaire to obtain the primary data was designed using 125 questions, most
of them were open-ended. Some close-ended questions were also included, such as the
location of the farm, and the type of company. The questions were grouped into thematic
blocks related to structural (e.g. total area and its distribution, number of animals and
type, number of workers and hours worked per year), productive (e.g. predominant breeds,
slaughter weight and age, steers sold), economic (e.g. total income, other business activi-
ties on the ranch, destination of production) and environmental (e.g. if they used pesticides
and fertilizers, types of forages cultivated, reserve area) aspects of the ranch, based on the
methodology used by Milan et al., (2006, 2011), Escribano et al., (2014, 2016) and Faverin
and Machado (2019). From the data obtained, a database was generated comprising a total
of 165 variables (numeric and categorical), which includes the originals and the indices or
variables calculated from their combination.

To characterise Beef—cattle ranching in the Paraguayan Chaco and show what trends
are observed descriptive statistics (averages, correlations and frequencies of the variables)

Table 1 Characteristics of the

) Num-
sampie ber of
ranches

Department

Presidente Hayes 29
Boquerén 30

Alto Paraguay 21
Productive orientation

Cow—calf system 15

Whole-cycle system 39

Fattening system 26
Size of herd (Livestock Units)

<500 24

> 500 to <2000 30

>2000 26
Total area (ha)

<2000 22

> 2000 to <7000 29

> 7000 29
Years of activity

<15 years 43

> 15 years 37
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were calculated for the totality of the farms and for the farms grouped by productive ori-
entation and years of ranch activity. Subsequently, a multivariate statistical analysis was
used to analyse the data for the typological analysis (Gaspar et al., 2007; Milén et al., 2003;
Stylianou et al., 2020).

First, a principal component analysis (PCA) was carried out in order to summarise and
explain the information contained in the set of observed variables, and identifying another
smaller number of unobserved variables, called components. The selection of the variables
that were included in the PCA was made based on the objective of the work, an extensive
review of the literature (Escribano et al., 2014; Faverin & Machado, 2019; Milén et al.,
2006; Ruiz et al., 2008; Toro-Mujica et al., 2012) and a rigorous study of the original
variables. To minimize the risk of farm size dominating the typology, we included sev-
eral variables as proportions of total farm area or quotas per hectare farm land (Stylianou
et al., 2020). This led to the selection of a set of variables indicative of distribution and use
of area, physical and economic size of the ranch, productivity of production factors and
intensification. These variables were checked, their correlation was calculated, and when
correlations between variables were greater or equal to 0.7, the variable considered less rel-
evant for the study was discarded (Lopez-i-Gelats et al., 2011; Stylianou et al., 2020). This
process resulted in the selection of eight variables: the utilised agricultural area (UAA;
total area taken up by arable land, permanent grassland and permanent crops) in relation
to the total area (UAA/TA), stocking rate (Livestock Units (LU)/UAA), the labour pro-
ductivity measured through the LU and UAA in relation to the workforce (Annual Work
Units=AWU; One annual work unit corresponds to the work performed by one person
who is occupied on an agricultural holding on a full-time basis and is equivalent to a min-
imum of 1800 h worked per year), the percentage of UAA with improved pastures, the
total hectares of improved pastures per LU, the total hectares of woodland (grazed and
ungrazed) per ranch and the economic profitability, as measured through the income from
the sale of livestock in relation to the UAA. The Kaiser—-Meyer—OlKkin test obtained a value
greater than 0.5, and the Bartlett’s test of sphericity obtained a level of significance <0.005
(p value=0.000), indicating that the variables used are suitable for the analysis and the
PCA is significant (Gaspar et al., 2007; Ruiz et al., 2012; Stylianou et al., 2020). The com-
munalities of each of the original variables and the total variance test were calculated,
which allowed us to recognise the contribution of these original variables to the retained
components. To improve the interpretation of the initial components, a varimax rotation
was performed, which, being an orthogonal rotation method, maintains the independence
of the rotated components. Finally, the components with eigenvalues greater than 1 were
retained.

Subsequently, to classify the farms, a hierarchical cluster analysis was then carried out
on the coordinates of the farms with the first three components (those retained in the pre-
vious step and that had an eigenvalue greater than 1). The objective of this technique is
to group similar ranches together, maximizing intragroup homogeneity and intergroup
diversity. Ward’s linkage was used as the agglomeration method, because it minimizes the
total within-cluster variance, and the squared Euclidean distance as a measure of distance
between the cases. Finally, the number of clusters (groups) was determined by observing
breaks (possible cutting lines) in the dendrogram and examining the incremental changes
in the agglomeration coefficient.

To analyse whether there were differences between the groups obtained from the cluster
analysis, as well as those previously pre-established based on the productive orientation and
years of activity, we proceeded as follows: the continuous variables were contrasted by a
one-way ANOVA analysis, and Levene’s test was used to verify whether homoscedasticity
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or equality of variances between the different groups was fulfilled; in the cases in which the
variances were equal, the F statistic was calculated, in those cases where equality of vari-
ances could not be assumed, Welch’s test was performed, which is considered more robust
in this situation. Then, as a post hoc test, the Student-Newman—Keuls mean comparison
test was performed when the variances were equal and the Tamhane T2 test when equality
of variances could not be assumed. For categorical variables, contingency tables and Pear-
son’s Chi-square test were performed. All statistical analyses were performed with the IBM
SPSS Statistics version 22.0 statistical programme.

3 Results
3.1 Characterisation of ranches and trends

In general, bovine expansion in the Paraguayan Chaco is being carried out through very
large-scale ranches, both in terms of Livestock Units (LU) (Table 2) and area (Table 3).

Table 2 shows that average productivity takes a value similar to that observed by Costa
and Rehman (2005) in cattle farms in central Brazil and close to the reference values
observed in production systems with similar characteristics in the northwest of Argen-
tina (Nasca et al., 2015). Calves are weaned at around 8 months, with an average weight
of 206 kg. After fattening, steers are sold at an average age of about 26 months, with an
approximate live weight of 455 kg. This value is lower than the values reported in Brazil
by Ferraz and Felicio (2010) and Costa and Rehman (2005), who, in similar systems, men-
tion slaughter ages of 30-42 months. The average reproductive ratio is 35.9 cows per bull,
an adequate value considering that 75.9% of ranches with breeding cows’ practise artificial
insemination.

Table 2 Herd sizes and most important characteristics of Beef-cattle ranches in the Paraguayan Chaco
according to their productive orientation (average + standard deviation)

Cow—calf Whole-cycle  Fattening system All* Interval
system system (n=26)
(n=15) (n=39)
Livestock units, LU 1616 +£2011 3200+4196  1670+3317 2406 +3643 39-20193
Total cows 1555+1881 1846+2444  — 1766 +2288 35-12000
Total bulls 55.0+62.6 59.7+77.3 - 584+73.0 1-320
Cows per bull 3234169 37.3+35.1 - 359+31.0 7-200
Calves produced/cow 80.1+11.6 78.4+10.2 - 78.9+10.5 60-100
(%)
Age at weaning 7.7+1.5 82+14 - 81+14 6-12
(months)
Weaning weight (kg) 199.7+19.7 208.7+350 - 206.2+31.5 140-280
Total steers 14722112 1666 +2984 15502478 55-14600
Slaughter age (months) — 264+5.1 26.5+5.6 264+53 18-40
Slaughter weight (kg) - 455.1+334  454.8+40.1 455.0+35.9 350-600

“The average values have been calculated only taking into account the cases in which this value is applica-
ble; therefore, number of farms varies across variables
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Table 3 Structural characteristics (area, livestock density and labour) and years of activity of Beef—cattle
ranches in the Paraguayan Chaco for each group obtained in the typology (average + standard deviation)

Variable All (n=80) Group 1 ' (n=30) Group 22 (n=31) Group 3 (n=19) )4

Years of activity 18.6+17.0 11.5+8.3% 24.0+18.3° 21.0+21.3%® 0.003

Owner’s age 50.8+13.0 48.6+12.0 529+125 50.1+15.1 0.560

Total area, TA (ha) 9464 +14053 1481419709 6978 +8681%° 5072 +6050° 0.049

Ownership area/TA (%)  88.2+31.0 88.9+30.8 86.8+32.0 89.5+31.5 0.947

Utilized agricultural 552948010  6874+10550 5606 + 6866 32813920 0.313
area, UAA (ha)

UAA/TA (%) 65.4+22.4 44.3+15.3* 83.9+13.1° 68.5+14.2° 0.000

Improved pastures area 3204 +5702 5581 +8175% 1590 +2168° 2085 + 3463 0.047
(ha)

Improved pastures/UAA  66.1+34.6  89.3+16.0° 42.5+29.6° 67.8 +£39.0° 0.000
(%)

Native grasslands area ~ 1691+3957 7392093 2961 £5421 1121 +£2834 0.120
(ha)

Native grasslands/UAA  22.4+314 7.0+12.7% 35.1+33.0° 26.1 +£39.6% 0.000
(%)

Grazed woodland (ha) 604 + 1644 499 + 1620%° 1048 +2041* 48 +109° 0.014

Grazed woodland/UAA  10.8+20.5 3.1+7.4% 22.3+27.4° 4.1+11.2° 0.003
(%)

Ungrazed woodland (ha) 3935+7309  7939+10411* 1373 +2566° 1791 +2444° 0.007

Ungrazed woodland/ 34.6+22.4 55.6+15.2% 16.1+13.2° 31.5+14.2° 0.000
TA (%)

Annual work units, 15.4+20.2 15.4+20.2 10.1+10.8 21.7+39.2 0.259
AWU

Permanent AWU/AWU  95.2+13.0 96.9+38.3 93.6+17.4 95.1+11.0 0.154
(%)

UAA/AWU (ha) 482.6+424.5 481.0+299.0°  599.7+541.0° 293.9+312.7° 0.034

AWU/100 ha UAA 0.41+£0.54 0.30+0.17% 0.36+0.53" 0.67+0.82° 0.050

Livestock units, LU 240643643  2823+4443 1396 + 1585 3396 +4379 0.069

LU/AWU 188.2+189.1 196.3+167.0 143.4+92.1 248.7+300.6 0.155

Stocking rate (LU/UAA)  0.51+0.33 0.47+0.23% 0.31+0.15° 0.91+0.35° 0.000

LU/TA 0.32+0.23 0.21+0.14° 0.26+0.13% 0.61+£0.22° 0.000

Improved pastures/LU 23+39 4.1+£59° 1.4+1.0° 0.9+0.7° 0.002
(ha)

Total income/AWU 77.1+81.3 92.4+112.1% 44.2+34.8° 106.4+59.7° 0.000
(x10°$)

Total income/UAA (§) 231.9+237.7 198.7+133.8* 100.3 +64.8° 499.3 +323.9° 0.000

Within row, averages with the same superscript (a, b, ¢) do not differ significantly (p <0.05)

"Medium intensification ranches

2Silvo-pastoral ranches

3Ranches highly intensified in livestock and labour

Regarding area (Table 3) it is observed that average values are much higher than are
those observed by Bussoni et al. (2019) in Uruguay and Costa and Rehman (2005) in cen-
tral Brazil, although with similar values to those reported in this latter country in areas
close to the frontier with Paraguay (Abreu et al., 2010). The average value obtained from
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the Utilised Agricultural Area (UAA) over Total Area (TA) ratio indicates that 34.6% of
the area is kept in its natural state (Fig. 2), thus meeting the requirements of Paraguayan
legislation (25% of nature reserve plus corridors around pastures, riverbeds and large
slopes), although the average value obtained in our study is less than the 40.0% reported
by Glatzle (2004). However, considering that grazed woodland represents 9.3% of the total
area on average, it could be said that 43.9% of the area conserves native forests or shrubs.
Of the remaining 56.1%, most is occupied by improved pastures. The predominant culti-
vated grass nowadays, since the 1990s when its expansion began, is Gatton Panic (Panicum
maximum). This grass, which is very resistant to grazing, adapts very well to humid tropi-
cal and subtropical climates, requiring a minimum rainfall of 550 mm per year (Cabrera
et al., 2001; Schnellmann et al., 2018). Other forage grasses present in the area are: Grama
rhodes, Buffel Grass, Pasto Pangola, Bambatsi, Callide and Dicantio, which are used alone
or mixed with each other, or with Gatton panic. These mixtures are better adapted in clay
soils and with stagnant water, frequent types of terrain in the Pantanal area. Mixtures of
grasses and some legumes are also frequent, one of the most common being Leucaena
(Glatzle et al., 2019).

In these ranches, feeding is based upon grazing natural or improved pastures, in some
farms vitamin and mineral supplements are provided, being more common in calves
(Table 4). The average stocking rate (Table 3) is lower than that reported by Bussoni et al.
(2019) in different types of specialised Beef—cattle ranches in Uruguay, as well as those
observed in the central zone of Brazil (Costa & Rehman, 2005) and Chile (Toro-Mujica
et al., 2019). As expected, stocking rate is positively correlated with the percentage of the
UAA with improved pastures (r=0.267; p<0.05) and with the total number of Annual
Work Units (AWU) (r=0.375; p<0.01). However, a significant and negative correlation
was found between stocking rate and the UAA/AWU (r=— 0.421; p<0.01) and with the
percentage of UAA with grazed woodland (r=— 0.379; p<0.01).

The total labour amounts to 14.8 AWU per ranch, on average; they are mostly hired
(95.4%), youths (31.7 years on average) and male (86.1%). Average ratios indicative of
labour productivity, UAA/AWU and LU/AWU are very high (Table 3), presenting val-
ues that practically double those reported in wooded rangelands in Spain by Milén et al.
(2006) and Escribano et al. (2016). Although seen inversely, the job creation poten-
tial, measured as AWU/100 ha of UAA, is very low when compared with the systems

Other 0.4%

Improved pastures

38.8%
Ungrazed woodland / ‘
34.6%
Native grasslands
Agricultural 16:9%
Area
65.4%

Grazed woodland
9.3%

Fig. 2 Distribution of the total average area in Beef—cattle ranches in the Paraguayan Chaco
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Table 4 Location and characteristics of Beef-cattle ranches in the Paraguayan Chaco for each group
obtained in the typology (% of ranches)

Variable All  Group 1* (n=30) Group 2° (n=31) Group 3 (n=19) p
Department 0.002
Presidente Hayes 36.3 10.0 58.1 42.1
Boquer6n 37.5 46.7 29.0 36.8
Alto Paraguay 26.3 43,3 12.9 21.1
Ecoregions 0.003
Dry Chaco 41.3 46.7 323 47.4
Humid Chaco 325 10.0 54.8 31.6
Pantanal 26.3 433 12.9 21.1
Productive orientation 0.042
Cow—calf 18.8 10.0 355 5.3
Whole-cycle 48.8 50.0 41.9 579
Fattening 32.5 40.0 22.6 36.8
Type of company 0.299
Single-person 70.0 60.0 742 78.9
Multi-person 30.0 40.0 25.8 21.1
Manager 0.889
Owner 37.5 36.7 355 42.1
Hired 62.5 63.3 64.5 57.9
Educational level of manager 0.848
Primary or secondary studies 7.5 10.0 32 10.5
Medium degree studies 10.0 10.0 9.7 10.5
University studies 82.5 80.0 87.1 78.9
Other business activities on the 12.5 10.0 9.7 21.1 0.434
ranch
Use of pesticides 36.3 50.0 19.4 42.1 0.038
Vitaminic-mineral supplementation
Cows and bulls 352 333 333 41.7 0.868
Calves 542 50.0 54.2 58.8 0.872
Steers 277 222 30.0 333 0.497
Predominant breed of cows 0.146
Braford 13.0 5.6 20.8 8.3
Brangus 14.8 11.1 12.5 25.0
Brahman 74 0.0 4.2 25.0
Creole 53.7 66.7 542 333
Nelore 11.1 16.7 8.3 8.3
Predominant breed of bulls 0.288
Braford 13.0 5.6 20.8 83
Brangus 18.5 222 12.5 25.0
Brahman 9.3 0.0 8.3 25.0
Creole 519 61.1 54.2 333
Nelore 74 11.1 4.2 8.3
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Table 4 (continued)

Variable All  Group 1* (n=30) Group 2° (n=31) Group 3°(n=19) p
Predominant breed of steers 0.065
Braford 11.9 0.0 25.0 5.9
Brangus 13.6 5.6 8.3 29.4
Brahman 34 5.6 0.0 59
Creole 64.4 833 62.5 47.1
Nelore 6.8 5.6 42 11.8

*Medium intensification ranches
®Silvo-pastoral ranches

“Ranches highly intensified in livestock and labour

mentioned above (Escribano et al., 2016), as well as with the values reported by Toro-
Mujica et al. (2019) in Chile. The average age of the owner is around 50 years old, and
the average years of activity of the farms is 18 years (Table 3).

In general, single-person enterprises predominate, whose manager has a high level of
training, and in most farms, this manager is a hired professional (Table 4). The ranches
are highly specialised in beef-cattle, with practically no other livestock species present,
and the area is devoted almost entirely to the production of livestock feed. The few
ranches that diversify their income do so through the selling of some agricultural prod-
uct such as soybeans, wood, or raising other species, such as sheep, but always in small
quantities. The ranches are highly export-oriented, which implies that they are making
efforts to improve the quality of their product and comply with the international stand-
ards required by the target markets of their products. Thus, although the predominant
breeds are the Creoles (Table 4), crosses between a zebu breed (Bos indicus) such as
Brahman or Nelore and a Bos taurus breed such as Angus and Hereford are increasingly
being used.

In Table 5, it can be seen that more years of ranch activity are significantly related to
a higher UAA, percentage of UAA/TA and percentage of native grasslands plus grazed
woodland over TA. Nevertheless, these ranches have a lower percentage of ungrazed
woodland over TA and improved pastures per LU. There is also a trend in which the
oldest ranches have more TA and LU and a lower percentage of UAA with improved
pastures. Thus, while in the oldest ranches, the percentage of the total area with native
grasslands plus grazed woodland is 33.8%; in the most recent ones, it does not reach
20.0%. However, in the most recent ranches, the reserve area (ungrazed woodland) is,
on average, 42.7% of the TA, while this average value in the oldest ones is 25.1%. These
differences are due to the fact that some of the oldest ranches are prior to the current
legislation that requires maintaining more than 25.0% of the reserve area on the ranches
(ungrazed woodlands), as well as to the fact that there is now greater surveillance on the
part of the administration regarding compliance with the regulations.

In general (Table 6), the oldest ranches are located in the humid Chaco, with a pre-
dominance of the cow—calf and the whole-cycle systems. The newest farms are located
in the dry Chaco and Pantanal, and they are smaller and dedicate a greater percentage of
their area to improved pastures. Regarding the breeds, although there are no significant
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Table 5 Structural characteristics (area, livestock density and labour) of Beef—cattle ranches in the Para-
guayan Chaco according to their years of activity (average + standard deviation)

Variable Old (> 15 years) (n=37) New (<15 years) (n=43) p

Years of activity 31.4+17.6 77+3.3 0.000
Owner’s age 549+135 4724115 0.024
Total area, TA (ha) 12699 + 18,927 6680 + 6874 0,074
Ownership area/TA (%) 97.0+12.7 80.6+39.3 0.013
Utilized Agricultural Area, UAA (ha) 8327+10,853 3122 +2630 0.007
UAA/TA (%) 749+18.7 5724223 0.000
Improved pastures/UAA (%) 58.8+34.8 72.3+33.6 0.083
Native grasslands/UAA (%) 26.9+33.3 18.6+29.5 0.239
Grazed woodland/UAA (%) 14.0+£22.0 8.1+18.9 0.199
Native grasslands + Grazed woodland/TA (%) 33.8+31.3 19.5+27.0 0.032
Ungrazed woodland/TA (%) 25.1+18.7 42.7+22.2 0.000
Annual Work Units, AWU 18.1+22.8 12.0+24.5 0.253
UAA/AWU (ha) 558.3+505.5 417.4+332.4 0.140
AWU/100 ha UAA 0.32+0.25 0.49+0.70 0.155
Livestock Units, LU 3288 +4637 1647 +2294 0.056
LU/AWU 196.2+131.7 181.4+£228.6 0.730
Stocking rate (LU/UAA) 0.48+0.27 0.54+0.38 0.440
LU/TA 0.35+£0.20 0.30+£0.24 0.373
Improved pastures/LU (ha) 1.30+0.72 32+52 0.023

differences observed, a decrease in the percentage of farms with Creole and Brahman
breeds is perceived, in favour of the synthetic Brangus and Braford breeds and the
Nelore breed.

3.2 Beef-cattle ranches Typology

Three principal components with an eigenvalue greater than 1 and accumulating 70.1%
of the total variance were obtained from the PCA. Table 7 shows the loadings of the eight
variables used in the PCA on the three retained components. The subsequent classifica-
tion of the ranches according to these three components made it possible to establish three
groups of ranches.

The first principal component presents high and positive correlation coefficients with
the stocking rate and with the ratio of income from cattle sales per ha of UAA (Table 7),
making it a component indicative of capital intensification (cattle) in relation to UAA. In
Fig. 3, Beef—cattle ranches are represented in the first two factorial axes. It can be observed
that all ranches in Group 3 have positive values of the first component, while Groups 1 and
2 show low or negative values for this component. The second component is positively
correlated with the percentage of UAA with improved pastures and with the total area with
woodlands (grazed and ungrazed), having a high and negative correlation with the percent-
age of UAA over TA. This component is indicative of the area distribution, differentiat-
ing ranches that have a high percentage of reserve area and, in turn, dedicate a significant
part of their UAA to improved pastures, as opposed to ranches where natural grasslands

@ Springer



M. J. Milan, E. Gonzalez

Table 6 Location and

. Variable Old New P
characteristics of Beef—cattle (> 15 years) (<15 years)
ranches in the Paraguayan Chaco (,I: 3% (n= 43),/)
according to their years of
activity (% of ranches) Department 0.013
Presidente Hayes 514 23.3
Boquerén 35.1 39.5
Alto Paraguay 135 37.2
Ecoregions 0.016
Dry Chaco 40.5 41.9
Humid Chaco 459 20.9
Pantanal 13.5 37.2
Productive orientation 0.015
Cow—calf 29.7 9.3
Whole-cycle 51.4 46.5
Fattening 18.9 442
Predominant breed of cows 0.344
Braford 10.0 16.7
Brangus 10.0 20.8
Brahman 10.0 4.2
Creole 63.3 41.7
Nelore 6.7 16.7
Predominant breed of bulls 0.285
Braford 10.0 16.7
Brangus 13.3 25.0
Brahman 13.3 4.2
Creole 60.0 41.7
Nelore 33 12.5
Predominant breed of steers 0.219
Braford 7.7 5.1
Brangus 7.7 17.9
Brahman 3.8 12.8
Creole 76.9 51.3
Nelore 3.8 12.8

predominate, and UAA represents a high percentage of the TA. Figure 3 shows that all
ranches in Group 1 are in the positive section of the second component and all of those in
Group 2 are in the negative section of this component. Group 3 presents low or negative
values for this component. The third component is highly correlated with the LU per AWU
and the UAA per AWU. Therefore, this component is indicative of labour productivity.

Tables 3 and 4 present the characteristics of the different groups identified.

Group 1 (G1: Medium intensification ranches), including 30 ranches (37.5% of the
sample). The largest ranches in terms of total area (14,814 ha) belong to this group, but
since they have the largest amount (7939 ha) and percentage (55.6%) of ungrazed wood-
lands, their UAA is only slightly higher than that of the other groups (Table 3). This
group has the largest area, as well as the proportion of UAA, dedicated to improved
pastures; on the other hand, it presents the lowest values of area with natural grasslands
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Table 7 Loadings of the

variables used in the PCA on the Components

retained principal components 1 2 3
UAA/AWU (ha) - 0510 —0.169 0.685
UAA/TA (%) - 0.116 - 0.871 0.085
Improved pastures/UAA (%) 0.256 0.726 -0.320
Stocking rate (LU/UAA) 0.908 0.122 0.070
LU/AWU 0.279 —0.006 0.856
Improved pastures/LU (ha) —0.585 0.346 -0.272
Total woodlands (ha) —0.266 0.613 0.313
Total income/UAA ($) 0.776 0.123 —0.148
Eigenvalues 245 1.86 1.30
Variance explained, % 28.2 23.0 18.9

Note: Factor loadings over 0.60 appear in bold
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Fig.3 Representation of farms in the first two factorial axes

(Table 3 and Fig. 4). Despite this, the average herd value is intermediate between the
other two groups, as well as the stocking rate and the UAA per AWU relation. These are
the youngest ranches (Table 3), they are mainly located in the departments of Boquerén
and Alto Paraguay, and in the Ecoregions of Dry Chaco and Pantanal, and the whole-
cycle system and fattening system predominate (Table 4).
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Medium intensification ranches Silvo-pastoral ranches Ranches highly intensified in livestock and labour
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Fig.4 Distribution of the total area of Beef—cattle ranches in the Paraguayan Chaco, for each group
obtained in the typology

Group 2 (G2: Silvo-pastoral ranches), which includes 31 ranches (38.8% of the sam-
ple). Its total area is intermediate between the other groups, presenting the highest per-
centage of UAA (83.9%), which indicates that in this group, the average ungrazed area
(reserve area) is less than 20.0% (Table 3 and Fig. 4). Regarding improved pastures,
it has the smallest area, 1590 ha, and the lowest percentage of its UAA (42.5%), on
average. On the contrary, it has the highest average of natural grasslands and grazing
woodland, 2961 and 1048 ha, respectively, which means that 48.3% of its total area and
57.4% of its UAA are lands where agricultural intervention is minimum and which are
grazed by cattle, representing a traditional silvo-pastoral system. In terms of livestock
units and labour force, these are the ranches with the lowest values, so they are the
ranches with the lowest stocking rate and the highest value in UAA per AWU, which
agrees with being the ranches with the highest percentage of UAA devoted to natural
grasslands and grazed woodland. It is the group with the lowest incomes of cattle per ha
of UAA and per AWU. Although the use of pesticides is not widespread, this group is
the one with the lowest number of ranches that use them (Table 4). The oldest ranches
belong to this group and they are located mainly in the Departments of Presidente
Hayes and Boquerdn, and in the ecoregions of the Humid Chaco followed by the Dry
Chaco. In this group, ranches with a whole-cycle system predominate, as well as with
the cow—calf system, being the group with the lowest percentage of ranches with fat-
tening system. Seventy-four-point-two per cent of the ranches are single-person-owned,
and among their managers, there is a high percentage with university studies (Table 4).

Group 3 (G3: Ranches highly intensified in livestock and labour), includes 19 ranches
(23.8% of the sample). They are the smallest ranches in terms of area (Table 3), with
an average of 5072 ha of TA, and on average, the UAA represents 68.5% of this. In
these ranches, although the number of ha with improved pastures is much lower than
in Medium intensification ranches, and the percentage they occupy in relation to UAA
is intermediate between the two groups (Table 3), it is the group that devotes the high-
est percentage of the total area to this use (Fig. 4). This group has the highest value of
livestock units, on average 3396 (Table 3), which results in an average stocking rate of
0.91 LU/ha of UAA, a value much higher than the overall average and practically three
times higher than the stocking rate observed in Silvo-pastoral ranches. The number of
AWU is the highest, but despite this, labour productivity measured in LU/AWU also has
the highest value (Table 3). As a result, it is the group with the highest income ratios per
UAA and per AWU. The years of activity of the ranches are intermediate between the
other two groups. This group is dominated by ranches with whole-cycle and fattening
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systems. The percentage of ranches that supplement animals is higher in this group than
in the others, although there are no significant differences.

4 Discussion

Although there is great heterogeneity, Beef—cattle ranches in the Paraguayan Chaco are
very large and highly export-oriented, similar to those existing in areas close to the Para-
guay border (Abreu et al., 2010), even larger than those reported in other nearby areas and
are classified as large and highly technological in Uruguay (Bussoni et al., 2019), central
Brazil (Costa & Rehman, 2005) and in the Argentine Pampa (Faverin & Machado, 2019).
The stocking rate is in the lower-middle range of those reported in other areas of South
America with similar production systems (Bussoni et al., 2019; Costa & Rehman, 2005),
which could suggest that there is a certain margin to increase production through intensi-
fication rather than occupying new areas. This is evident in the typology of farms that has
been established, in which ranches highly intensified in livestock and labour almost triples
the stocking rate of Silvo-pastoral ranches.

The main differentiating factors between the groups obtained in the typology are the
availability of the different production factors (Fig. 5), the distribution of total area (Fig. 4)
and the degree of intensification in the use of capital (livestock), labour and/or technol-
ogy (new crop varieties or hybrid breeds) per unit of UAA (Fig. 6). Thus, three groups
of Beef—cattle ranches have been differentiated: G2 represents the traditional silvo-pasto-
ral ranches, these are ranches with almost half of their total area destined to natural grass
and grazed woodland, and they are the ones that present the most extensive system; Gl

Fig.5 Availability of production e \edium intensification ranches
factors (7A total area, UAA agri-
cultural area, LU livestock units,
AWU Labour) for each group

obtained in the typology TA

Silvo-pastoral ranches
e Ranches highly intensified in livestock and labour

AWU UAA
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Fig. 6 Availability of agricultural area (UAA) and its relationship with the area devoted to improved pas-
tures, livestock units (LU) and labour (AWU), for each group obtained in the typology

(Medium intensification ranches) represents ranches with a lot of available area, whose
strategy is to carry out a high intensification of their UAA through the use of improved
pastures, and G3 (Ranches highly intensified in livestock and labour), which includes the
ranches with the smallest available area and a high use of livestock and labour per unit
of UAA. These groups show different land occupation strategies which also present dif-
ferent environmental impacts. Silvo-pastoral systems (G2) may cause greater deforesta-
tion, carbon footprint and degradation of native grasslands (Modernel et al., 2018); how-
ever, highly intensified systems in livestock and labour (G3), due to their high stocking
rate and overgrazing, can exert significant environmental pressure via manure concentra-
tion, greenhouse gas emissions and loss of biodiversity (Modernel et al., 2016; Puecha-
gut et al., 2018). Medium intensification ranches (G1), due to the large amount of land
occupied by improved pastures, can lead to a higher risk on fertilizer and pesticide use and
aquifer pollution (Magliano et al., 2016). Cultivated land is also associated with increased
runoff (Rodriguez et al., 2020), a decrease in soil organic carbon and loss of biodiversity
(Marinaro & Grau, 2015; Modernel et al., 2016; Puechagut et al., 2018). These groups
will also present different capacities to adapt to the changing environment (e.g. character-
istics of demand, fluctuations in agricultural commodity prices, extreme climatic events).
Attributes such as their resilience, flexibility and self-sufficiency will have to be addressed
(Bernués et al., 2011) and adapted to the current specific situation of the Paraguayan Chaco
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to improve the three dimensions (environmental, economic and social) of sustainability in
Beef—cattle production. An important question for the future of beef farming systems in the
Paraguayan Chaco lies in improving environmental performance while maintaining its eco-
nomic performance (Modernel et al., 2018), without forgetting the social dimension of this
phenomenon. There is a growing consensus on the idea that nature conservation requires
social endeavour (Bennett, 2016; Bennett et al., 2017; Zabala et al., 2018), so a better
understanding of human perceptions is essential to better manage socio-environmental
conflicts and ensure that interventions are supported in the long term (Zabala et al., 2018).

In the strategies followed by the ranches, a very important factor is their years of activ-
ity, which is related to the location of the farm and vigilance on compliance with the leg-
islation. In this regard, most of the Silvo-pastoral ranches (older) are located in the Humid
Chaco, and their UAA represents more than 80% of the total area, that is, on average, they
do not comply with the current legislation on the reserve area. In contrast, Medium inten-
sification ranches include the most recent ranches, most of them located in the Pantanal
and the Dry Chaco. In this latter case, the percentage of UAA, with respect to the TA, does
not reach 45%; therefore, they try to obtain a higher yield from the land with improved
pastures.

These results suggest that the expansion process taking place in the Paraguayan Chaco
is associated with the conversion of cow—calf systems, based mainly on natural grasslands,
according to the land-sharing paradigm, to more intensified systems, according to the land-
sparing paradigm (Balmford et al., 2015; Phalan et al., 2011). In the latter, the ranches
maintain a larger reserve area, and a higher proportion of the feed coming from improved
pastures and supplementation (Davis et al., 2015). In addition, it is more frequent that the
phases of the productive cycle are separated. Our results show that while in Silvo-pastoral
ranches, the percentage of ranches that only carry out the final phase of the cycle (fatten-
ing) is 22.6%, and the stocking rate is 0.31, in Medium intensification ranches and Ranches
highly intensified in livestock and labour these values are 40.0 and 36.8%, with stocking
rates of 0.47 and 0.91 LU per ha of UAA, respectively. These trends are consistent with
those reported by Baumann et al. (2017), who, when analysing the relationship between
deforestation in the Paraguayan Chaco and cattle-ranching expansion, observe that while
during the 1990s, the rate of deforestation and expansion of pastures was not accompanied
by a similar growth in the cattle herd, since 2001 the opposite has occurred, that is, the
growth rate of the Beef—cattle censuses exceeds the rate of increase of the grassland areas.
Therefore, an intensification of the production systems is taking place, which is reflected in
the higher stocking rate observed.

This intensification of Beef—cattle systems follows the trends observed in other
areas (Davis et al., 2015; Ferndndez et al., 2020; Latawiec et al., 2014) and, although
many drivers have contributed to this (Godde et al., 2018), the most important in this
particular case has been current deforestation regulations, increased land productiv-
ity and higher economic profitability. As discussed earlier, the most recent ranches are
mostly located in the Dry Chaco and Pantanal and maintain a reserve area that exceeds
40.0% of the total area, on average, which could be due to the fact that there is cur-
rently greater surveillance by the administration on compliance with regulations. These
more recent farms have less UAA, but dedicate a higher percentage of it to improved
pastures, indicating that the expansion of the cattle frontier and the intensification of
the productive systems that the Paraguayan Chaco (more specifically the departments
located to the west) is experiencing, is closely related to the implementation of new
technologies, in particular, the development of more resistant and productive improved
pastures is a key driver in this expansion process (Glatzle, 2004; Glatzle et al., 2019; le

@ Springer



M. J. Milan, E. Gonzalez

Polain de Waroux et al., 2018; Schnellmann et al., 2018). The environmental conditions
of the Dry Chaco, which presents high temperatures and periods of scarce rainfall, are
a factor that could hinder the Beef—cattle frontier (Oesterheld et al., 1999). However,
Houspanossian et al. (2016) find that the deforestation pattern in the Dry Chaco was
not associated with the aridity gradient, although they do report differences in the use
of deforested land, observing a gradient that goes from more water-demanding crops in
the east, to grasses with lower water requirements as aridity increases. Furthermore, this
intensification is associated with greater economic profitability. In this regard, Costa
and Rehman (2005) conclude that a certain level of overgrazing seems rational, since
the economic benefits of having a higher stocking rate outweigh the increased costs of
soil and vegetation restoration.

Land intensification, especially if carried out on an agro-ecological basis, can often
be seen as a path towards sustainability (Latawiec et al., 2014; Milera, 2013; Painter
et al., 2020; zu Ermgassen et al., 2018), since this reduces competition for land, help-
ing to achieve the difficult balance between food security and environmental conserva-
tion (Godde et al., 2018; Meyfroidt et al., 2018; Parra-Cortés et al., 2019; Painter et al.,
2020). In the specific case of Beef—cattle ranches in the Paraguayan Chaco, management
practices and strategies to increase cattle-ranching productivity that are currently under-
used could be generalised. These included rotational grazing of native pastures (Eaton
et al., 2011), crop rotation with nitrogen-fixing legumes (Glatzle et al., 2019; Latawiec
et al., 2014), the use of improved high-yielding and drought-heat-tolerant forage varie-
ties (Glatzle, 2004; Glatzle et al., 2019; Schnellmann et al., 2018), the adoption of soil
conserving production practices, such as soil covering to prevent erosion, and the use
of improved animal breeds and crossbreeding through artificial insemination (Ferraz &
Felicio, 2010). Also, the adoption of precision technologies and tools for more efficient
use of irrigation water, pesticides and fertilisers could be very useful in this type of
ranches to improve resource efficiency and, therefore, the sustainability of the Beef—cat-
tle activity. Applied to animal management, precision livestock farming enables animal
management to move from the group level to the monitoring and managing of individ-
ual animals (van Erp-van der Koojj et al., 2020), real-time individual animal informa-
tion on animal behaviour, health, reproduction, environmental impact and production,
and it allows taking immediate management measures, which can greatly improve the
efficiency of such large farms (Berckmans, 2017).

Nevertheless, a short-term risk of intensification, apart from the environmental impact,
is that there could be a rebound effect, the so-called “Jevon paradox”, since the rising the
profitability of the land is an incentive, it stimulates the demand for more land and, there-
fore, the expansion of the agrarian frontier (Angelsen, 2010; le Polain de Waroux et al.,
2019; Meyfroidt et al., 2018), especially when production increases can be absorbed in
international markets without any negative price effects (Kaimowitz & Angelsen, 2008;
Miiller-Hansen et al., 2019). Therefore, Strassburg et al. (2012), Barretto et al. (2013),
Miiller et al. (2013) and Latawiec et al. (2014) indicate that if further deforestation is to be
avoided, land intensification must be accompanied by sound and effective policies, good
governance and surveillance that penalise deforestation. In this connection, Phalan et al.
(2016) report some "active" land-sparing mechanisms (i.e. land-use zoning; economic
instruments, such as payments, land taxes, and subsidies; spatially strategic deployment of
technology, infrastructure, or agronomic knowledge intentionally targeted to certain areas
rather than others; and voluntary standards and certification that reward good performance
with market access and price premiums) that, implemented alone or jointly, could mitigate
these rebound effects by linking yield increases to habitat protection or restoration.
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5 Conclusions

The expansion of livestock frontiers and associated deforestation is a key process of
global environmental change. This phenomenon is having a high environmental and
socioeconomic impact, which is part of the wider and ongoing debate on food security
and sustainability of livestock systems. Furthermore, while the problem is global, the
challenge is contextual and location-specific.

In the specific case of the Paraguayan Chaco, this expansion is taking place through
very large, highly specialised in Beef—cattle and export-oriented ranches. In all cases,
livestock systems are extensive, with little dependence on external feed and agricultural
resources, having an average stocking rate that is in the medium—low range of those
reported in other areas of South America with similar production systems. Regarding
compliance with the legislation of the area, on average, the ranches maintain 34.6% of
their area without any type of intervention, although this does not happen in all cases.
If grazing woodland area is added, the ranches have 43.9% of their area in which the
native forests or shrubs are conserved.

The results obtained in this work suggest that the different availability of the
resources of the ranches conditions the distribution of the total area, as well as the dif-
ferent degrees of intensification in the use of capital per unit of agricultural area, these
being the main differentiating factors of the groups of Beef—cattle ranches obtained in
the typology, corresponding to a Silvo-pastoral system (Group 2), which includes the
oldest ranches and is the least intensive, and two systems that present a higher degree
of intensification in their production system: Medium intensification ranches (Group 1),
whose strategy is to carry out a high intensification of its UAA using improved pastures,
and ranches highly intensified in livestock and labour (Group 3), which presents a high
stocking rate and labour per unit of agricultural area. In the availability of resources,
and therefore in the strategies followed by the ranches, a very important factor is their
years of activity, which, in turn, is related to the location of the ranches and the vigi-
lance in compliance with the legislation.

The analysis of what is happening in the Paraguayan Chaco and typology result con-
tribute to a better understanding of one of the world’s most active livestock frontiers
and shows that the expansion process taking place in the Paraguayan Chaco is asso-
ciated with an intensification of beef—cattle systems, following the trends observed in
other areas. This development, along with the need to stop deforestation, is part of the
wider debate on sustainable intensification according to the land-sparing paradigm.
This requires further research on the trade-offs of grazing systems intensification, as
well as sustainable intensification management practices and strategies, including pre-
cision livestock technologies, which increase livestock productivity without damaging
the environment. Grazing systems intensification must also be accompanied by effective
policies and good governance that encourage the adoption of these changes and prevent
further deforestation.
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