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ABSTRACT

Objective:	Many	 studies	 have	 observed	 different	 characteristics	 among	 productive	 systems	 in	
the	 rural	 territories	of	 Latin	America.	 Therefore,	understanding	and	characterizing	 them	while	
they	function	plays	an	essential	role	in	determining	their	relationship	between	development	and	
environment.	A	study	has	been	conducted	in	the	Orellana	province	of	NE	Ecuador	to	determine	
their	typology	and	then	classify	them	according	to	the	variables	that	describe	their	main	traits	or	
attributes	using	cluster	analysis	(CA).
Materials and Methods: A	survey	was	structured	to	investigate	physical,	productive,	environmen-
tal,	as	well	as	socioeconomic	character	variables,	which	were	subsequently	applied	to	a	random	
sample	of	the	5,963	agricultural	productive	units	(APUs)	through	face-to-face	contact	with	pro-
ducers	during	an	in situ	visit	to	their	farms.
Result:	The	CA	allowed	us	to	identify	three	typologies	of	APUs	in	the	Orellana	Province.	The	first	
has	been	Type	1,	which	is	denominated	as	the	most	conventional	(40%),	while	Type	2	uses	more	
efficient	natural	 resources	but	 represents	an	amount	of	only	9.4%.	 In	contrast,	 type	3	 (50.6%)	
depends	on	a	significant	part	of	local	or	national	development	programs.
Conclusion: All	groups	indicated	some	peculiarities	in	common,	as	there	were	marked	differences	
in	the	use	and	distribution	of	land	as	well	as	production	methods	among	them.	Consequently,	this	
pioneering	study	allowed	us	to	identify	different	production	methods.	Therefore,	we	encourage	
local	 and	national	 governments	 to	establish	policies	 for	natural	 resource	 conservation	 in	 such	
high-diversity	zones.
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Introduction

The last decade has been seen as one in which the rural terri-
tories of Latin America have experimented with great changes 
in their production systems [1,2]. These changes are most 
likely related to practices of inadequate use and exploita-
tion of natural resources. Furthermore, there is a substantial 
amount of scientific evidence that the major impact now-
adays could be climate change [3–5]. Therefore, this global 
event may also affect the biological processes of productive 
systems due to their complex and sensitive functionality.

Producers in tropical landscapes regularly experiment 
with very complex interactions between forest dynamics, 

production forms, levels of productivity, and marked 
integrations of the people, including ethnicity and socio-
economic issues [1,6]. Nonetheless, Thornton et al. [5] 
observed that many tropical or subtropical regions, due to 
their characteristic edaphoclimatic, temperature, and het-
erogeneity of households, can experiment with very large. 
Thus, it needs a certain outlook for a correct equilibrium 
among all components within a productive system due to 
the high level of sensitiveness of the biotic elements, as a 
measure to achieve the sustainability of these producers’ 
livelihoods.

Ecuador, situated on the northwestern edge of 
South America, has about 256,370 km2 of surface and is 
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geographically divided into four areas: the Andean high-
lands, the coastal lowlands, the Amazon basin, and the 
Galapagos archipelago. It is a country of strong biodiver-
sity and geodiversity and plenty of cultural diversity, which 
allows for the provision of numerous ecosystem services 
[7–9].

The Amazonian Region (RA) covers 116,588 km2 which 
represents some 45.47% of the country´s surface [10,11]. 
The average rainfall varies between 2,000 and 5,000 mm 
annually, with an average temperature of 24°C. This region 
is formed of six provinces: Zamora Chinchipe (9.1% of the 
RA), Morona Santiago (20.6%), Pastaza (25.4%), Napo 
(10.7%), Orellana (18.6%), and Sucumbíos (15.5%).

The Ecuadorian Amazon consists of a variety of ecolog-
ical reserves, such as Cayambe-Coca, Faunistic Production 
of the Cuyabeno, Biological Limoncocha, and Cofan-
Bermejo. Furthermore, there are two important national 
parks: the Sumaco-Napo Galeras and the Yasuni. The lat-
ter reserve corresponds to the biggest protected area of 
Ecuador, hosting thousands of animals and a rich flora as a 
global biodiverse hot spot. It also contains a very import-
ant freshwater reserve and has been recognized to have 
a global climate regulatory function as a greenhouse gas 
sink [7,12–14]. In this zone, five sectors of biogeography 
and twenty-five ecosystems have been identified [15]. In 
addition, in this zone, high tree densities have been deter-
mined, which include bushes, flooded and inundated 
forests, as well as semideciduous forests. Furthermore, 
diverse economic, political, and social activities have been 
developed lately. These include colonization, migration, oil 
and timber extraction, as well as large oil palm plantations 
[16,17]. This has led to numerous, well-documented social 
and environmental impacts due to extensive agriculture, 
cattle ranching, and vast oil extractions [7]. Furthermore, 
as this region is especially vulnerable to biodiversity losses 
due to peaks of species diversity, 19 different ecosystems, a 
third of its protected zones coincide spatially with oil block 
concessions [16,18]. Consequently, it is a very fragile eco-
system, whose consequences could be severe and adverse, 
with irreversible impacts on its capacity to provide ecolog-
ical services in the future.

Hence, a fundamental point to consider when devel-
oping a planning process for decision-making processes 
are biological and territorial factors, since the outcomes 
and consequences of such actions may be irreparable 
[11,19,20]. Currently, several researchers have affirmed 
that typology studies are very adequate tools to enhance 
the understanding of decision-making behaviors as well as 
the strategic progress of individual producers and holdings 
[20,21–23]. Twongyirwe et al. [23] as well as Signorelli 
[24] have indicated that this is one approach to designing 
targeted interventions that adequately address the needs 
of different types of farmers. Therefore, the typology tries 

to demonstrate the maximum heterogeneity between the 
types while maximizing homogeneity within individual 
types or categories [25,26]. In addition, the selection of dif-
ferentiation criteria depends on the objective and typology 
where data are available [21].

The province of Orellana forms part of the RA, repre-
senting 18.6% of a total of 45.47% and having a total pop-
ulation estimate of 157,520 inhabitants [27]. This zone 
has demonstrated a complex social composition, experi-
menting with severe changes since the 1960s as a result of 
several laws of agrarian reform, subsequent colonization, 
and the beginning of upcoming hydrocarbon production 
[16,28]. Few studies determined that agriculture expan-
sion is conducted mainly by small-scale farming systems 
but lacked to demonstrate the not fully understood impact 
of smallholders. Hence, the absence of information about 
the productive systems has not permitted us to understand 
the deeper structure of this involvement. Consequently, 
these large limitations during the design and execution 
of the public policies developed by national or interna-
tional institutions may be linked to a lack of knowledge 
of the functioning of rural territories and their productive 
systems.

Based on the aforementioned, the current study has 
been performed to determine the productive typology and 
then classify it according to different variables that will 
allow it to describe its main traits or attributes. Therefore, 
we initiated a survey that has been elaborated very well 
and structured with variables of all kinds—social, eco-
nomic, and productive—as well as validated by a group of 
experts in each area. The primary aim has been to char-
acterize, describe, and interpret the productive systems 
to decipher their functioning and establish the different 
relations. Typologies are usually elaborated to under-
stand the farming systems [26,29], observed land use and 
level of intensification [30,31], technology adoption [32], 
livelihood strategy [9,33], vulnerability to climate change 
[4,5,21], and environmental assessment [34,35]. The out-
come of the study may serve as a resource for a defined 
database for any type of governmental intervention in this 
province, while helping to enhance the livelihoods of the 
local producers and allow more farm systems to become 
sustainable.

Materials and Methods

This studied site attracts great attention and interest for 
forthcoming research due to a variety of reasons, which 
include forest conservation, ancestral settlements inhab-
ited by indigenous populations, as well as some half a cen-
tury of colonization, which represents a severe and very 
potential threat to the given biodiversity [33,36].
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Study area

Location: The current study has been performed in the 
province of Orellana, located in the northern Ecuadorian 
Amazon basin, which is distributed in four districts (can-
tons), named Francisco de Orellana, Loreto, Joya de los 
Sachas, and Aguarico. According to the Gobierno Autónomo 
Descentralizado Provincial de Orellana (GADPO) [37] and 
González Marcillo et al. [38], this province has 21.730 km2 
of surface area (18.6% of the total 45.47% of the RA). The 
climate in the region is characterized by humid tropical 
rainforest [39]. The average rainfall is about 2,942 mm 
annually, with a temperature of 29.7°C during the year. 
Instituto Nacional de Estadisticas y Censos- Encuesta de 
Superficie y Producción Agropecuaria Continua (INEC 
ESPAC) [27] has estimated a population of some 157.520 
for the year 2018. The ethnic groups are comprised of 
Native Amerindians (Kichwa, Shuar, and Waodani) at 31%; 
mestizos (the mixed descendants of Spanish colonists and 
indigenous Amerindians at 57.5%); and the small Afro-
Ecuadorian minority at 4.9% [40].

Livelihoods

Agricultural land use in the Orellana province, according to 
estimates from INEC-ESPAC [27], has indicated a total sur-
face area of 606,307 ha, which is arranged in mountains and 
forests (485.039 ha; 80%), permanent crops (43.582 ha; 
7.2%), other uses (28.049 ha; 4.6%), cultivated pastures 
(25.162 ha; 4.2%), natural pastures (19.034 ha; 3.1%), as 
well as transitory crops and fallow (4959 ha; 0.82%).

The population density is relatively low, with some 
eight inhabitants per square kilometer [20]. There are 
strong differences between indigenous practices and colo-
nos; while the firsts have a concept mostly comprised of 
subsistence farming systems, the colonos are more diverse 
and include activities such as subsistence farming and 
small-scale intensive farming systems [41].

In this sense, Lòpez et al. [7] and GADPO [37] indicated 
that the main activities for the generation of income pro-
ducers in the Amazon region are concentrated in agricul-
ture (56.5%) and livestock (10%), while 30% are under a 
mixed production system (agriculture-livestock). However, 
all these activities employ intensive systems in the natural 
resources and workforce with very low productivity and 
rentability levels. On the other hand, the forest or agrofor-
est activities that take advantage of the forest resources 
only represent about 1.4% of all Amazonian producers.

Farm survey data

The working set of data considered in the current study was 
the number of agricultural productive units (APUs) regis-
tered by the GADPO [37,39] and INEC-ESPAC [27]. In the 
province of Orellana, there are 5,963 APUs that comprise 

a total of 250,172 hectares. In conclusion, the APUs have a 
farm size range of 20 to 50 hectares, maintaining perennials 
and transitory crops, pastures, as well as forest reserves.

While elaborating the questionnaire, first, a multidis-
ciplinary team was formed with producers and local sci-
entists with a variety of expertise (soil science, agronomy, 
rural sociology, veterinarians, economists, and statistics 
in agriculture) with the objective of designing a format to 
investigate variables representing physical, productive, 
environmental, and socioeconomic traits of the APUs, 
based on previous studies [42–44]. The second step of 
the survey was pre-tested on producers to ascertain how 
they employ certain production practices to validate in situ 
and check the suitability of the questions according to the 
methodology described by Lòpez-Roldàn and Fachelli [45].

Variable selection

Through the survey applied to the selected population, we 
chose variables that had more relevance in the explanation 
of the functioning and structure of the productive systems 
in the province of Orellana. Consequently, we selected 31 
variables that should be able to explain these factors. These 
shared several characteristics, like a low coefficient of vari-
ation such as <30%, as listed in Table 1, which means low 
communality and, therefore, adequate homogeneity of 
data. Hence, the retained variables were (a) socioeconomic, 
which includes age, education level, farm and livestock 
incomes as well as off/non-farm income; (b) physical ele-
ments, which include farm total surface, mountains and for-
ests; (c) pastures, which include natural and cultivated; (d) 
permanent crops; (e) transitory crops; and (d) fallow; and 
finally (c) the productive elements, which include a split of 
paddocks, grazing rotation, animal composition, backyard 
animals, working animals, cocoa and coffee crops, age of 
calf at weaning, fattening beef cattle time, weight total fat-
tening phase, and milk production [26].

Methods of typology construction

The principal component analysis (PCA) was applied to 
reduce the dataset, which allowed for the visualization and 
processing of a high-dimensional dataset [46]. Therefore, 
this technique, which linearly transforms many indepen-
dent variables into smaller ones, is probably the most ade-
quate to be used [47].

The criteria to decide how many principals’ compo-
nents (PCs) to keep were based on the Kaiser’s-Guttman 
Rule. Thus, PCs exceeding an eigenvalue of 1.00 were 
retained [21]. Likewise, the variables with low or inter-
mediate factor loads were excluded according to the rec-
ommendations of Kuwahara et al. [22] and Bidogeza et al. 
[31]. Consequently, in the present study, loadings superior 
to or equal to 0.50 have been considered for interpretation 
in Table 2.
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Cluster analysis (CA)

Retained factors from PCA were used in CA using Ward´s 
hierarchical procedure. This method is frequently used 
by many researchers as it minimizes the variance within 
the cluster. The dendrogram and multidisciplinary expert 
team of the zone were employed to select an optimal num-
ber of clusters using discriminant analysis of variance [31]. 
Finally, the data was analyzed through SAS version v. 9.4. 
(SAS Institute Inc., Cary, NC). Differences were declared at 
p < 0.05 and tendencies at p < 0.10.

Furthermore, CA is often used to determine classifi-
cations within complex databases as well as to ascertain 
and establish relationships between groups. Another fun-
damental point is to explain the different typologies that 
allow us to detect differences in variance between clusters. 
Finally, this method comprises several steps, such as the 
review and selection of variables, factor analysis, and CA, 
as well as its interpretation.

Results

Categorization of APUs

When analyzing our data with the PCA procedure, we 
obtained five PCs, which explain around 63.14% of the 
variability in the dataset (Table 2). Furthermore, the first 

obtained PCs explain about 20.59% of the variability in 
the data. Hence, the first component (PC1) was apparently 
related to the explanation of variables such as the total size 
of a farm, the split of paddocks (size), and other animals 
used for working in the farms (e.g., horses and mules). 
Contrastly, the PC1 was less related to variables of perma-
nent crops and the total weight of animals fed on paddocks.

The second component (PC2) obtained narrow rela-
tions with farm surface, cultivated pastures, herds’ total 
size, and total period destined to fatten Bovidae. Likewise, 
the third component (CP3) was linked to subsistence farm-
ing, raising minor species such as poultry and pigs for their 
own feeding and some others, which they commercialized 
in local markets. The fourth and fifth components, PC4 and 
PC5, respectively, had variables such as the age of the pro-
ducers and transitory crops.

Identified typologies

Using Ward´s hierarchical procedure, we identified three 
clusters based on Euclidean distances. Therefore, Figure 1. 
shows a dendrogram with the different typologies.

Type 1

The type 1 typology includes moderately large farm sur-
faces, being one very particular and conventional group, 

Table 1. Description	of	variables	used	for	typology	constructions.

Variable Unit Mean SEM Min. Max. CV

Socioeconomic
Age
Education	level
Income
Crop’s	sales
Livestock	sales	(TLU)1	include	all	reported.
Off/non-farm	income5

year
year

USD/month
USD/month
USD/month

48
6

15
8
30

1.7
0.4

1.5
0.5
3.6

27
0

5
3
15

71
12

22
11
42

3.5
6.7

10
6.3
12

Physical
Farm	total	surface
Mountains	and	forests
Pastures,	include	(natural	and	cultivated)
Permanent	crops
Transitory	crops	and	fallow

ha
ha
ha
ha
ha

30.5
11.0
10.1
2.82
6.17

2.4
1.9
1.3
0.3
1

5
0
1
0
0

68
50
48
10
39

7.9
17.3
12.9
10.6
16.2

Productive
Split	of	paddocks	(size)
Grazing	rotation
Animal	composition	(Bovidae)
Backyard	animals	(poultry	and	pig)
Working	animals	(Equus caballus	and	Equus africanus asinus)
Cocoa
Coffee
Age	of	calf	at	weaning
Fattening	beef	cattle	time	(steers	and	heifer	calves)
Weight	total	fattening	stage
Milk	production	

ha
day
TLU1
TLU
TLU
ha
ha

month
month
kg/
L/d

1.77
33.0
7
28
2
1.9
0.8
4.5
8

72.7
2.5

0.3
3.8
0.9
5.0
0.4
0.2
0.1
0.4
1.8
17.3
0.4

0
0
0
0
0
0
0
0
0
0
0

10
160
25
212
9
8
3
10
36
350
10

16.9
11.5
12.9
17.9
20
10.5
12.5
8.9
23
24
16

Source:	Author’s	analysis	of	the	2017	to	2019	survey	data;	1TLU	=	Tropical	livestock	Unit	corresponds	to	an	animal	ruminant	of	estimated	weight	250	kg;	SEM:	
standard	error	of	the	mean.	CV	=	coefficient	of	variation
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while it represents around 40% of the sampled APUs  
(n = 76). This type is the most conventional found in this 
province, where their farms have some 31 ha on average 
and whose age of producers is approximately 49 years 
old. Their referent to the educational level is 76.2% having 
basic education (first six years), 14.3% receiving second-
ary education, and 9.52% having not received any educa-
tion. Besides, they have distributed their APUs with forests 
(41%), pastures (46%), and permanent crops (10%), 
while a low amount (3%) are only transitory crops.

This type is characterized by having large paddocks of >2 
ha with long grazing periods (rotation of 54 days between 
grazing, on average), while the herd size average is about 
10 bovines (tropical livestock unit (TLU)). As the surface 
area occupied by pastures is around 46% in relation to the 
total hectares of their farms, we identified forage species 
C4 such as guinea grass or Saboya (Panicum maximum), 

Brachiaria brizantha cv. Marandu, and Brachiaria humid-
icola. These forage species are usually cultivated as mono-
cultures without association with any leguminous species. 
Although in their paddocks there are dispersed trees of 
low density (<38 tree/ha−1, on average), the environmen-
tal services for the protection of their animals against heat, 

Table 2. Eigenvalues	and	percentage	variance	are	explained	by	the	
five	principal	components	(PCs)	using	PCA.

PC Eigenvalue Variance (%) Cumulate variance (%)

1 3.29 20.59 20.59

2 2.30 14.41 35.00

3 1.84 11.50 46.51

4 1.39 8.70 55.20

5 1.27 7.94 63.14

Figure 1. Dendrogram of three identified typologies. The cluster 
is based on agglomerative hierarchical clustering with Euclidean 
distance as the similarity measure and Ward’s linkage strategy.

Table 3. Least	square	mean	of	variables	in	the	different	typologies	of	agricultural	productive	Units	in	Orellana	province,	Amazonian	Region	
of	Ecuador.	

Variable
Agricultural productive Units

SEM
Difference

Type 1 Type 2 Type 3 p-value

Age	of	the	producers	(year) 49.0 46.4 47.3 3.7 0.868

Farm	total	surface	(ha) 30.8 38.4 28.9 4.9 0.531

Mountains	and	forests	(ha) 12.7 21.6 19.6 4.2 0.330

Surface	destinate	to	pastures	(ha) 14.2x 7.0z 9.1y 2.6 0.099

Permanent	crops	(ha) 3.1 2.8 2.9 0.6 0.929

Transitory	crops	(ha) 7.1 7.6 5.6 2.1 0.720

Paddock	size	(ha) 2.3 1.8 1.4 0.4 0.165

Grazing	rotation	(days) 53.8ᵃ 27ᵇ 19.4ᵇ 2.4 0.001

Size	herds	(Bovidae)	TLU 9.79 8.6 7.2 2.0 0.513

Mules	and	horses	TLU 1 0 1 0.2 0.743

Backyard	poultry	TLU 22.4 44.4 35.2 10.1 0.343

Backyards	pigs	TLU 4 0 4 0.5 0.643

Age	of	calf	at	weaning	(month) 6.4ᵃ 3.4ᵇ 6.5ᵃ 0.3 0.001

Period	of	fattening	(month) 31ᵃ 24ᵇ 22ᵇ 1.2 0.004

Total	weight	at	fattening	(kg) 264 297 263 15.9 0.553

Milk	production	(kg/day) 4ᵇ 7ᵃ 5ᵇ 0.5 0.004

SEM,	standard	error	of	the	mean;	TLU,	Tropical	livestock	Unit,	corresponds	to	an	animal	ruminant	of	estimated	weight	250	kg.



http://bdvets.org/javar/	 	 176Peralta et al. / J. Adv. Vet. Anim. Res., 11(1): 171–180, March 2024

stress, or high precipitation are incalculable. This typology 
uses working animals such as horses and mules (1 TLU, on 
average); likewise, they raise a low number of poultry and 
pigs as backyard animals. Also, it should be emphasized 
in this type that due to deficient management and inade-
quate use of land for achieving the total weight of its ani-
mals and subsequent commercialization, they need about 
31 months, reporting a live weight of some 264 kg. As they 
have mainly mestizos’ breeds (Bos indicus) adapted to 
tropical climates, milk production lacks importance in this 
group, with some 5 l/d. We might highlight in this typol-
ogy APUs that sow and cultivate permanent crops such as 
coffee (Coffea arabica L.) and cocoa (Theobroma cocoa) 
whose surfaces are not more than 2 ha on average. By con-
trast, they all year sow, harvest, and sell transitory crops, 
such as maize (Zea mays), rice (Oryza sativa), tuber crops 
such as cassava (Manihot esculenta), and plantains (Musa 
AAB). Consequently, the economic income in this typology, 
according to their reply and case studies, could possibly 
be 200 USD per month. Therefore, these types of APUs are 
extensive productive systems with deficient management 
of their natural resources. We can clearly see the expan-
sion of the agricultural frontier with marked reductions of 
forests, basically subsistence farms.

Type 2

APUs have a high presence of forests, a minor surface area 
of permanent crops, and rational management of their 
resources, but this typology constitutes only 9.4% (n = 18).

In general, like the prior group (Type 1), the age of pro-
ducers is 46 years old. Likewise, 20% of these producers 
have received basic education, while 80% have finished 
secondary education (12 years on average). The farm sur-
face has 38 ha, on average, in which the presence of forest 
occupies this stratum (56%), transitory crops (18%), and 
then pastures (18%); instead, there are barely (7.2%) per-
manent crops.

Although this type is small compared with the first 
typology (40% vs. 9.4%), they use their natural resources 
more efficiently. Likewise, they harvest transitory crops 
such as maize (Z. mays), rice (O. sativa), tuber crops such 
as cassava (M. esculenta), and plantains (Musa AAB)., which 
occupy 18%, but these producers have notable commer-
cial perception.

In this group, pastures are cultivated, such as guinea 
grass or Saboya (Panicum maximum), Brachiaria cv. 
humidicola brizantha Marandu, as well as shrub spe-
cies, with the purpose of improving animal nutrition. 
We highlight species such as Gliricidia sepium and Gray 
(Tithonia diversifolia). Furthermore, their paddocks have 
(2 ha, on average), in which they are grazing nine bovine 
TLU, whose rotation grazing is every 27 days. In addi-
tion, on this small typology, we can see producers with 

phenotypes of animals as a result of crosses with mes-
tizo bovines (B. indicus) with cattle breeds specialized for 
beef and milk (Bos taurus).

These actions have been conducted to improve the 
weight of their animals (24 months) with an average 
live weight of 297 kg. This typology diversifies its pro-
duction between livestock, crops, and the sale of minor 
species as well as other extra farm activities (total 
incomes of 450 USD per month on average), but they 
are also very conscientious about the degradation 
and loss of natural resources. Therefore, this group 
of APUs, according to our results, constitutes particu-
larly important for the conservation and sustainability 
of these fragile and sensible present ecosystems. Our 
team hopes to be able to show how these APUs help to 
develop a balance among all biotic components within 
the productive systems.

Type 3

Little APUs, in relation to the farm’s total surface, constitute 
about 50.6% (n = 96). Representing small productive sys-
tems (29 ha, on average) of their farms with high-density 
forests, they have distributed the use of land as follows: for-
ests (66.76%), natural and cultivated grasses (31%), per-
manent crops (11%), and transitory crops (19%). In fact, 
these properties have been obtained with crops already 
established as well as quite hectares occupied with pas-
tures such as guinea grass or saboya (Panicum maximum) 
and B. brizantha cv. Marandu and Brachiaria humidicola. 
Referent to transitory and permanent crops, these APUs 
nearly have no differences from anterior APUs (Type 1 and 
Type 2), which have been reported to have a surface area 
of 3 and 6 ha, respectively.

The predominant crops are coffee (C. arabica L.), 
cocoa (T. cocoa), as well as fruit trees of low density: 
guava fruit (Psidium guajava L.), and guama (Inga edu-
lis). Also, they cultivate maize, rice, cassava tubers, 
and the root crop taro (Colocasia esculenta (L.) Schott). 
In the same way, they use pastures to feed half-breed 
bovines (B. indicus) herd size TLU 7, with grazing rota-
tion every 19 days, obtaining a total weight of 263 kg in 
a period of 22 months. Normally, they sell a few minor 
species as poultry and pigs (total monthly income: 325 
USD, on average). Consequently, this typology works 
hand in hand with statistical programs to develop pro-
ductive systems that are more efficient and sustainable. 
However, the producers most of the time evaluate all 
programs for the economic profit that they generate. In 
many cases, the departure of a lot of participants would 
lead to the loss of economic resources for state orga-
nizations and severe damage to biodiversity as well as 
their production systems.
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Discussion

Productive system patterns

The CA allowed us to identify three typologies of APUs in 
the Orellana Province. Using principal components analy-
sis (PCA), the data shows the total size of the farm, the split 
of paddocks, the animals used to work in the farms (horses 
and mules), the time devoted to fattening steers and other 
Bovidae categories, subsistence farming, backyard species, 
livelihood socioeconomic status, and finally commercial-
ization methods are among the largest sources of variation. 
Therefore, in Orellana Province, the APUs have been classi-
fied and characterized as follows: Type 1, denominated as 
the most conventional (40%), Type 2 apparently uses nat-
ural resources more efficiently but only represents 9.4%, 
whereas Type 3 (50.6%) depends on a great part of local 
national development programs. However, it is important 
to mention that all these groups were mainly differentiated 
by surface and land use, animal husbandry as ruminants, 
and backyard species.

According to Weltin et al. [25], this differentiation plays 
an important role in establishing a relationship between 
nature and society as a way to use their natural resources 
more adequately, defining and preserving their strategies 
for future generations over long time periods. In this sense, 
several works have been developed in Latin America to 
carry out the typification of productive systems; they have 
revealed important information that nowadays is useful 
when we should adopt or make decisions. Contrasting 
this evidence, Zhunusova et al. [1] stated that local econ-
omies could be conditioned by factors such as deforesta-
tion and conservation strategies. So, different traits among 
productive systems could be the result of extrinsic and 
intrinsic factors [21]. Supporting this, Rojas-Downing et 
al. [4] and Cuevas-Reyes and Rosales-Nieto [48] have cited 
that in many countries, the mixed systems are synergistic 
between crops and livestock. Consequently, identifying 
typologies offers a synthetic assessment tool of farm man-
agement indicators as an integrated set rather than as a 
single indicator, thus highlighting links between the dif-
ferent indicators. At the level of Ecuador, despite the wide 
diversity of productive systems, the majority of farmers 
develop their agriculture activities as subsistence activi-
ties with low theoretical levels, so the classification meth-
ods and typification allow them to perform studies with 
large data sets, and it’s used by many researchers to know 
the variables that are needed to help explain most events 
that occur within productive systems. By summarizing and 
recognizing the structure and practices usually employed, 
it will be possible to propose alternatives for improving 
productive systems and making them more sustainable.

Land use

The RA, despite its higher biodiversity, has shown an 
intense change due to the accelerated rate of deforesta-
tion, migration, and exploitation of oil [49]. In Ecuador, 
Torres et al. [50] observed that small livestock farmers 
annually destinate big forest surfaces for conversion on 
pastures. Contrary to this result, in Orellana, despite type 
1, there was more forest extension than in other typol-
ogies; however, this group showed an increase in defor-
estation rate and an advance of the agricultural frontier. 
Therefore, natural habitats have been converted to pas-
ture as a final use of land. For this reason, the physical, 
chemical, and biological properties of soil have shown 
a process of degradation [51], with potential repercus-
sions for water degradation, loss of nutrients, changes in 
patterns of biological cycles, and climatic changes [17]. 
Consequently, the most important effect on the use of 
land is the natural carbon cycle, increasing greenhouse 
gas emissions [52].

Other important results were that the forest has high 
relevance in all the groups described. However, appar-
ently, type 2 is smaller than types 1 and 3 and takes 
the forest component more seriously in their farms. 
Typologies 1 and 3 are less efficient with respect to their 
distributed land, and they are very dependent on local 
and national entities to develop activities. Supporting 
this, Lessman et al. [18] showed that deforestation has 
been occasioned by agricultural colonization, encourag-
ing new ways and patterns of population growth in the 
Amazon. Finally, we stated that all typologies are dedi-
cated to agricultural activities as well as cattle ranching, 
but with clear differences between them in their use and 
land distribution. Therefore, from a sustainable view-
point, we should lead towards these more productive 
systems with a high level of environmental conscience. 
Besides this, at the level of Ecuador, policies should 
lead to zones with productive potential, whereas they 
restrict those in ecologically sensitive areas, as recom-
mended by Verburg et al. [53].

Forestry and livestock

In this study, the distinct groups described do not follow 
a similar pattern of production. Each typology uses ways 
and techniques to produce and make the majority of their 
natural resources dependent on their socioeconomic 
status. This first study in Orellana Province showed that 
having high bovine numbers does not necessarily ensure 
greater productivity levels. In fact, the bovine type 1 
showed a lower body weight gain than the other typolo-
gies studied. Besides this, it is important to emphasize that 
animal performances were conditioned by grazing man-
agement. We evidenced that type 1 used mature pastures 
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due to high grazing frequency and high defoliation inten-
sities, so this led to greater methane emissions due to 
the low nutritional forage quality [41]. There is enough 
scientific evidence to state that livestock contributes to 
climate change due mainly to land usage [17]. According 
to Borja et al. [10], Ecuador has lost 12.5% of its original 
Amazonian forests (12.120 of 96.073 km2) and is second 
after Brazil in the ranking of countries with higher defor-
estation rates. In the case of Ecuador, livestock husbandry 
is vital to both subsistence and economic development in 
the entire Amazon region. Although cattle raising is pres-
ent in all the identified typologies, it plays a key role in the 
structure of productive systems. Nevertheless, deforesta-
tion due to livestock production constitutes the main prob-
lem in tropical regions. Therefore, we should apply actions 
that help both climate change adaptation and mitigation. 
To achieve it, it will have to be done through diversification 
of production patterns and the responsible exploitation of 
all resources.

Many authors have already mentioned the importance 
of studying and understanding the diversity of the farmers 
to propose more sustainable alternatives with the use of 
clean technologies that allow for the provision of a range of 
ecosystem services and to improve their quality of life [46]. 
A previous study determined that rural development pol-
icies are implemented without considering these aspects 
[17]. To support this, Sellers et al. [9] observed changes 
in demographic behavior, land use, forest cover, and living 
conditions in the North Amazon of Ecuador. This research 
has evidenced that a great number of producers are very 
dependent on local or national programs. So, they do not 
have a clear, suitable productive system that allows them 
greater productivity and to handle the sustainability of 
their natural resources. For this reason, this research is 
important since we can differentiate between three pro-
ductive systems and understand how they interact with 
land use decisions. Based on this evidence, it opens up a 
huge field of study for trying to understand the different 
interactions between climate change and livestock.

Conclusion

Our findings confirm the existence of three important 
typologies in the province of Orellana in the Ecuadorian 
Amazon. Although all groups have some features in com-
mon, there are also marked differences in land use and 
how they are distributed. Therefore, their production 
methods are different, as are their socioeconomic and 
environmental status. Consequently, the variety of iden-
tified farms, through our typology, may form a basis for 
prioritizing existing policies and targeting future interven-
tions in a specific farming system. These results are funda-
mental at the local level since they are able to be adopted 

by the national government or other entities for proposing 
more adapted agricultural policies to their conditions to 
improve their quality of life and take care of the existing 
natural resources.

List of Abbreviations

APUs, agricultural productive units; GADPO, Gobierno 
Autónomo Descentralizado Provincial de Orellana; GHG, 
greenhouse gas emissions; INEC ESPAC, Instituto Nacional 
de Estadisticas y Censos- Encuesta de Superficie y 
Producción Agropecuaria Continua; PCA, principal compo-
nent analysis; RA, Amazonian region; SEM, standard error 
of the mean; TLU, Tropical livestock Unit.

Acknowledgment

The authors thank all the small livestock farmers enrolled 
in this study. In the same way, to the Causana Yachay 
research group for its support.

Conflict of interest

The authors declare that they have no conflict of interest.

Authors’ Contributions

SAGR, AVPP, PDCO, MGTR, MESS and LFMÑ drafted the 
manuscript. SAGR, AVPP, and AVPP revise and edit the 
manuscripts. SAGR, AVPP, PDCO, and LFMÑ took part in 
preparing and critically checking this manuscript. SAGR 
took on the role of editing the references.

References
[1] Zhunusova TOE, Günter S, Dieter M. Forest policy and econom-

ics measuring forest and agricultural income in the Ecuadorian 
lowland rainforest frontiers: Do deforestation and conservation 
strategies matter? For Policy Econ 2020; 111:102034; https://
doi.org/10.1016/j.forpol.2019.102034

[2] Molestina R, Orozco M, Sili M, Meiller A. A methodology for creat-
ing typologies of rural territories in Ecuador. Soc Sci Humanit Open 
2020; 2:100032; https://doi.org/10.1016/j.ssaho.2020.100032

[3] Biglari T, Maleksaeidi H, Eskandari F, Jalali M. Livestock insur-
ance as a mechanism for household resilience of livestock herd-
ers to climate change: evidence from Iran. Land Use Policy 2019; 
87:104043; https://doi.org/10.1016/j.landusepol.2019.104043

[4] Rojas-Downing MM, Nejadhashemi AP, Harrigan T, Woznicki SA. 
Climate risk management climate change and livestock: impacts 
, adaptation, and mitigation. Clim Risk Manag 2017; 16:145–63; 
https://doi.org/10.1016/j.crm.2017.02.001

[5] Thornton P, Steeg JV, Notenbaert A, Herrero M. The impacts of 
climate change on livestock and livestock systems in develop-
ing countries: a review of what we know and what we need to 
know. Agric Syst 2009; 101:113–27; https://doi.org/10.1016/j.
agsy.2009.05.002

[6] Jakob M. Ecuador’s climate targets: a credible entry point to a 
low-carbon economy? Energy Sustain Dev 2017; 39:91–100; 
https://doi.org/10.1016/j.esd.2017.04.005

https://doi.org/10.1016/j.forpol.2019.102034
https://doi.org/10.1016/j.forpol.2019.102034
https://doi.org/10.1016/j.ssaho.2020.100032
https://doi.org/10.1016/j.landusepol.2019.104043
https://doi.org/10.1016/j.crm.2017.02.001
https://doi.org/10.1016/j.agsy.2009.05.002
https://doi.org/10.1016/j.agsy.2009.05.002
https://doi.org/10.1016/j.esd.2017.04.005


http://bdvets.org/javar/	 	 179Peralta et al. / J. Adv. Vet. Anim. Res., 11(1): 171–180, March 2024

[7] Lòpez V, Espíndola F, Calles J, Ulloa J. Atlas “Amazonía Ecuatoriana 
Bajo Presión,” EcoCiencia, Quito, Ecuador, 2013.

[8] Caballero-Serrano V, Alday JG, Amigo J, Caballero D, Carrasco JC, 
McLaren B, et al. Social perceptions of biodiversity and ecosystem 
services in the Ecuadorian Amazon. Hum Ecol 2017; 45:475–86; 
https://doi.org/10.1007/s10745-017-9921-6

[9] Sellers S, Bilsborrow R, Salinas V, Mena C. Population and devel-
opment in the Amazon: A longitudinal study of migrant settlers in 
the Northern Ecuadorian Amazon. Acta Amaz 2017; 47:321-330; 
https://doi.org/10.1590/1809-4392201602663

[10] Borja MO, Aragon-Osejo J, Carmen J. Bosques de la Región 
Amazónica Ecuatoriana : ¿ Qué nos dicen las cifras de 
deforestación de los últimos 15 años? in XVI Conferencia 
Iberoamericana de Sistemas de Información Geográfica. Cuenca, 
Ecuador, 2017.

[11] Lucero TH, Moreno JL, Salas JB, Téllez TR. A framework to incor-
porate biological soil quality indicators into assessing the sus-
tainability of territories in the ecuadorian amazon. Sustainability 
2020; 12:3007; https://doi.org/10.3390/su12073007

[12] Bilsborrow RE, Barbieri A, Pan WKY. Changes in popula-
tion and land use over time in the Ecuadorian Amazon. 
Acta Amaz 2004; 34:635–47; https://doi.org/10.1590/
S0044-59672004000400015

[13] Barbieri AF, Carr DL. Gender-specific out-migration, defor-
estation and urbanization in the Ecuadorian Amazon. Global 
Planet Change 2005; 47:99–110; https://doi.org/10.1016/j.
gloplacha.2004.10.005

[14] GADMO, “Plan de Desarrollo y Ordenamiento Territorial 
Municipal de Francisco de Orellana,” 2019.

[15] MAE-MAGAP, Protocolo metodológico para la elaboración del 
Mapa de cobertura y uso de la tierra del Ecuador continental 
2013–2014, Escala 2015; 1:100.000.1–49.

[16] Viteri O. Evaluación de la Sostenibilidad de los Cultivos de Café 
y Cacao en las Provincias de Orellana y Sucumbíos—Ecuador. 
Doctoral thesis, Universitat Autònoma de Barcelona, 2013.

[17] O. Viteri-Salazar, Toledo L. The expansion of the agricultural 
frontier in the northern Amazon region of Ecuador, 2000–2011: 
process, causes, and impact. Land Use Policy 2020; 99:104986; 
https://doi.org/10.1016/j.landusepol.2020.104986

[18] Lessmann J, Fajardo J, Muñoz J, Bonaccorso E. Large expansion of 
oil industry in the Ecuadorian Amazon : biodiversity vulnerabil-
ity and conservation alternatives. Ecol Evol 2016; 14:4997–5012; 
https://doi.org/10.1002/ece3.2099

[19] Alvarez A, Corral JD, Solís D, Pérez JA. Does intensification 
improve the economic efficiency of dairy farms? J Dairy Sci 2008; 
91:9:3693–8; https://doi.org/10.3168/jds.2008-1123

[20] Kovacic Z, Viteri O. The lose—lose predicament of deforestation 
through subsistence farming: unpacking agricultural expan-
sion in the Ecuadorian Amazon. J Rural Stud 2020; 51:105–114; 
https://doi.org/10.1016/j.jrurstud.2017.02.002

[21] Kuivanen KS,  Alvarez S, Michalscheck M, Nsiah SA, Descheemaeker 
K, Mellon-Bedi SM, et al. Characterising the diversity of small-
holder farming systems and their constraints and opportunities 
for innovation: a case study from the Northern Region, Ghana. 
NJAS Wageningen J Life Sci 2016; 78:153–66; https://doi.
org/10.1016/j.njas.2016.04.003

[22] Kuwahara KC, Damasceno JC, Bánkuti FI, Prizon RC, Rossoni 
DF, Eckstein II. Sustainability and typology of dairy produc-
tion systems. Semin Agrar 2018; 39:2081–92; https://doi.
org/10.5433/1679-0359.2018v39n5p2081

[23] Twongyirwe R, Bithell M, Richards KS, Rees WG. Do livelihood 
typologies influence local perceptions of forest cover change? 
Evidence from a tropical forested and non-forested rural land-
scape in western Uganda. J Rural Stud 2017; 50:12–29; https://
doi.org/10.1016/j.jrurstud.2016.12.009

[24] Signorelli S. Typology characterization of farmers in West Africa 
Why do we need typologies? African Rising 2016; 1–22.

[25] Weltin M, Zasada I, Franke C, Piorr A, Raggi M, Viaggi D. Analysing 
behavioural differences of farm households: an example of income 
diversification strategies based on European farm survey data. 
Land Use Policy 2017; 62:172–84; https://doi.org/10.1016/j.
landusepol.2016.11.041

[26] Köbrich C, Rehman T, Khan M. Typification of farming systems 
for constructing representative farm models: two illustra-
tions of the application of multi-variate analyses in Chile and 
Pakistan. Agric Syst 2003; 76:141–57; https://doi.org/10.1016/
S0308-521X(02)00013-6

[27] INEC-ESPAC, Encuesta de Superficie y Producción Agropecuaria. 
Usos del Suelo. 2019. Available via https://www.ecuadorencifras.
gob.ec/estadisticas-agropecuarias-2/ (Accessed 02 November 
2019).

[28] Wasserstrom R, Southgate D. Deforestation, agrarian reform and 
oil development in Ecuador, 1964–1994. Nat Resour 2013; 4:31–
44; https://doi.org/10.4236/nr.2013.41004

[29] Bragulat T, Angón E, Giorgis A, Perea J. Typology and character-
ization of the pampean beekeeping systems. Esic Mark 2020; 
51;299–318; https://doi.org/10.7200/esicm.166.0512.2

[30] Valbuena D, Verburg P, Bregt A. A method to define a typology 
for agent-based analysis in regional land-use research. Agric 
Ecosyst  Environ 2008; 128:27–36; https://doi.org/10.1016/j.
agee.2008.04.015

[31] Bidogeza JC, Berentsen PBM, Graaff JD, Oude Lansink AGJM. 
A typology of farm households for the Umutara Province in 
Rwanda. Food Secur 2009; 1:321–35; https://doi.org/10.1007/
s12571-009-0029-8

[32] Berre D, Corbeels M, Rusinamhodzi L, Mutenje M, Thierfelder C, 
Ridaura SL. Thinking beyond agronomic yield gap: smallholder 
farm efficiency under contrasted livelihood strategies in Malawi. 
F Crop Res 2017; 214:113–22; https://doi.org/10.1016/j.
fcr.2017.08.026

[33] Torres B, Günter S, Cabra AA, Knoke T. Livelihood strategies, eth-
nicity and rural income: the case of migrant settlers and indig-
enous populations in the Ecuadorian Amazon. For Policy Econ 
2018; 86:22–34; https://doi.org/10.1016/j.forpol.2017.10.011

[34] Shukla R, Agarwal A, Sachdeva K, Kurths J, Joshi PK. Climate 
change perception: an analysis of climate change and risk per-
ceptions among farmer types of Indian Western Himalayas. 
Clim Change 2019; 152:103–19; https://doi.org/10.1007/
s10584-018-2314-z

[35] Andersen E, Elbersen B, Godeschalk F, Verhoog D. Farm manage-
ment indicators and farm typologies as a basis for assessments in 
a changing policy environment. Environ Manage 2007; 82:353–
62; https://doi.org/10.1016/j.jenvman.2006.04.021

[36] Gondard P, Mazurek H. 30 Años de Reforma Agraria y coloni-
zación en el ecuador (1964–1994): dinámicas especiales. Estud 
Geogr 2007; 10:140–47.

[37] GADPO, Development and Land Management Plan of the Province 
of Orellana. 2015.

[38] González Marcillo RL, Castro Guamàn WE, Guerrero Pincay 
AE, Vera Zambrano PA, Ortiz Naveda NR, Guamàn Rivera SA. 
Assessment of guinea grass panicum maximum under silvopas-
toral systems in combination with two management systems in 
Orellana Province, Ecuador. Agriculture 2021; 11:2:117; https://
doi.org/10.3390/agriculture11020117

[39] INAMHI. Direccion Gestion Meteorologica Estudios e 
Investigaciones Meteorologicas, Ecuador. pp 1–12, 2021. 
Available via www.serviciometerologico.gob.ec (Accessed 18 
January 2023).

[40] González-Andrade F, Roewer L, Willuweit S, Sánchez D, Martínez-
Jarreta B. Y-STR variation among ethnic groups from Ecuador: 
Mestizos, Kichwas, Afro-Ecuadorians and Waoranis. Forensic 

https://doi.org/10.1007/s10745-017-9921-6
https://doi.org/10.1590/1809-4392201602663
https://doi.org/10.3390/su12073007
https://doi.org/10.1590/S0044-59672004000400015
https://doi.org/10.1590/S0044-59672004000400015
https://doi.org/10.1016/j.gloplacha.2004.10.005
https://doi.org/10.1016/j.gloplacha.2004.10.005
https://doi.org/10.1016/j.landusepol.2020.104986
https://doi.org/10.1002/ece3.2099
https://doi.org/10.3168/jds.2008-1123
https://doi.org/10.1016/j.jrurstud.2017.02.002
https://doi.org/10.1016/j.njas.2016.04.003
https://doi.org/10.1016/j.njas.2016.04.003
https://doi.org/10.5433/1679-0359.2018v39n5p2081
https://doi.org/10.5433/1679-0359.2018v39n5p2081
https://doi.org/10.1016/j.jrurstud.2016.12.009
https://doi.org/10.1016/j.jrurstud.2016.12.009
https://doi.org/10.1016/j.landusepol.2016.11.041
https://doi.org/10.1016/j.landusepol.2016.11.041
https://doi.org/10.1016/S0308-521X(02)00013-6
https://doi.org/10.1016/S0308-521X(02)00013-6
https://www.ecuadorencifras.gob.ec/estadisticas-agropecuarias-2/
https://www.ecuadorencifras.gob.ec/estadisticas-agropecuarias-2/
https://doi.org/10.4236/nr.2013.41004
https://doi.org/10.7200/esicm.166.0512.2
https://doi.org/10.1016/j.agee.2008.04.015
https://doi.org/10.1016/j.agee.2008.04.015
https://doi.org/10.1007/s12571-009-0029-8
https://doi.org/10.1007/s12571-009-0029-8
https://doi.org/10.1016/j.fcr.2017.08.026
https://doi.org/10.1016/j.fcr.2017.08.026
https://doi.org/10.1016/j.forpol.2017.10.011
https://doi.org/10.1007/s10584-018-2314-z
https://doi.org/10.1007/s10584-018-2314-z
https://doi.org/10.1016/j.jenvman.2006.04.021
https://doi.org/10.3390/agriculture11020117
https://doi.org/10.3390/agriculture11020117
http://www.serviciometerologico.gob.ec


http://bdvets.org/javar/	 	 180Peralta et al. / J. Adv. Vet. Anim. Res., 11(1): 171–180, March 2024

Sci Int Genet 2009; 3:e83–e91; https://doi.org/10.1016/j.
fsigen.2008.08.003

[41] Guaman-Rivera S, Guerrero-Pincay A, Ortiz-Naveda N, González-
Marcillo R. Prediction of the nutritional values by INRA (2018) 
feed evaluation system of Megathyrsus maximus subjected to dif-
ferent grazing strategies. J Agric Environ Int Dev 2023; 117:117–
40; https://doi.org/10.36253/jaeid-14203

[42] Álvarez-López CJ, Riveiro-Valiño JA, Marey-Pérez MF. Typology, 
classification and characterization of farms for agricultural pro-
duction planning. Spanish J Agric Res 2008; 6: 1:125–36; https://
doi.org/10.5424/sjar/2008061-299

[43] Gonzalez-Mejia A, Styles D, Wilson P, Gibbons J. Metrics and 
methods for characterizing dairy farm intensification using farm 
survey data. PLoS One 2018; 13:1–18; https://doi.org/10.1371/
journal.pone.0195286

[44] Ezalia E, Elizabeth IERG, My WANH, Norhanim A, Wahidah A. 
Farming statistics: with Rural Business Res 2020; 21:1.

[45] Lòpez-Roldàn P, Fachelli S. Anàlisis factorial. Primera. In: 
Universidad Autònoma de Barcelona (ed.), Metodología de la 
investigaciòn social cuantitativa. Barcelona-España, pp 9–29, 
2015.

[46] Gebrekidan B, Heckelei T, Rasch S. Characterizing farmers 
and farming system in Kilombero Valley Floodplain, Tanzania. 
Sustainability 2020; 12:7114; https://doi.org/10.3390/
su12177114

[47] Husson F, Le S, Jèrome P. Analisis de Datos con R. 1st edi-
tion, Escuela Colombiana de Ingenieria Julio Garavito, Bogotá, 
Colombia, 2013.

[48] Cuevas-Reyes V, Rosales-Nieto C. Characterization of the dual-pur-
pose bovine system in northwest Mexico: producers, resources 
and problematic. Rev MVZ Cordoba 2018; 23:6448–60; https://
doi.org/10.21897/rmvz.1240

[49] Erazo S. Landscape Ideologies, indigenous governance , and land 
use change in the ecuadorian Amazon, 1960–1992. Hum Ecol 
2011; 39:421–39; https://doi.org/10.1007/s10745-011-9408-9

[50] Torres B, Heredia M, Toulkeridis T, Estupiñ K. Productive 
livestock characterization and recommendations for good 
practices focused on the achievement of the SDGs in the ecua-
dorian Amazon. Sustainability 2022; 14:10738; https://doi.
org/10.3390/su141710738

[51] Vasco C, Bilsborrow R, Torres B, Griess V. Agricultural land use 
among mestizo colonist and indigenous populations: Contrasting 
patterns in the Amazon. PLoS One 2018; 13:e0199518; https://
doi.org/10.1371/journal.pone.0199518

[52] Bussoni A, Alvarez J, Cubbage F, Ferreira G, Picasso V. Diverse 
strategies for integration of forestry and livestock production. 
Agrofor Syst 2019; 93:1:333–44; https://doi.org/10.1007/
s10457-017-0092-7

[53] Verburg R, Rodrigues S, Lindoso D, Debortoli N, Litre G, Bursztyn 
M. The impact of commodity price and conservation policy sce-
narios on deforestation and agricultural land use in a frontier area 
within the Amazon. Land Use Policy 2014; 37:14–26; https://doi.
org/10.1016/j.landusepol.2012.10.003

https://doi.org/10.1016/j.fsigen.2008.08.003
https://doi.org/10.1016/j.fsigen.2008.08.003
https://doi.org/10.36253/jaeid-14203
https://doi.org/10.5424/sjar/2008061-299
https://doi.org/10.5424/sjar/2008061-299
https://doi.org/10.1371/journal.pone.0195286
https://doi.org/10.1371/journal.pone.0195286
https://doi.org/10.3390/su12177114
https://doi.org/10.3390/su12177114
https://doi.org/10.21897/rmvz.1240
https://doi.org/10.21897/rmvz.1240
https://doi.org/10.1007/s10745-011-9408-9
https://doi.org/10.3390/su141710738
https://doi.org/10.3390/su141710738
https://doi.org/10.1371/journal.pone.0199518
https://doi.org/10.1371/journal.pone.0199518
https://doi.org/10.1007/s10457-017-0092-7
https://doi.org/10.1007/s10457-017-0092-7
https://doi.org/10.1016/j.landusepol.2012.10.003
https://doi.org/10.1016/j.landusepol.2012.10.003

