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Abstract: Deforestation is a severe threat to diversity in the Ecuadorian Amazon Region (EAR). To
mitigate deforestation, it is necessary to know the relevant stakeholders’ roles and interactions and
deepen our knowledge of the local livelihoods, objectives, potentials, limitations, and “rights of
being” among farms, as well as the best management practices (BMPs). In this study, our aim was to
identify and assess livestock BMPs along an elevational gradient to foster sustainable production
and reduce emissions from deforestation and forest degradation (REDD+). This approach could be
environmentally and economically beneficial. Data were collected from 167 households along three
elevational gradients, as well as from 15 interviews held among a multidisciplinary panel of key
stakeholders and researchers in the EAR. The results showed that most of the Kichwa population
lives in the medium zone, which features a larger agricultural and forest surface. Conversely, in
the lower and upper areas, livestock predominates, where the upper area is specialized in milk
production and the lower area in dual-purpose cattle (meat and dairy). The stakeholder assessment
provided several key results: (a) social, structural, and technical factors have complementary effects
on BMP adoption; (b) the sixteen assessed BMPs facilitated the implementation of existing financial
incentive programs and enabled public–private partnerships to develop REDD+ projects. The policy
implications of implementing these approaches are also discussed.

Keywords: biosphere reserve; Ecuadorian Amazon; pasture; restoration; REDD+

1. Introduction

The establishment of grazing lands for livestock accounts for 77% of the total farming
land in the world [1] and produces 14.5% of global greenhouse gases (GHGs) [2]. This
issue is particularly prominent in the tropics, where deforestation conventionally generates
pasture for cattle-raising and other basic crops [3]. Thus, the global dilemma is determining
how to improve productivity in a sustainable way [4]. In terms of livestock production, an
alternative could be “sustainable intensification” [5]. This option has gained substantial
attention over the last few years under the global scenario of climate change. The Cancun
Agreements, which resulted from the Conference of the Parties (COP 16), marked a mile-
stone in international policy oriented to reduce emissions from deforestation and forest
degradation (REDD+), thereby setting the definition of the REDD+ pillars and climate
change mitigation efforts [6].
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This research focuses on the Ecuadorian Amazon Region (EAR). In this region, the
main drivers of deforestation and forest degradation are related to land-use change for
agriculture and pastures [7,8], land clearing for the opening of oil and non-oil roads [9], oil
and mining exploitation [8,10–12], population growth [13], and timber extraction [14,15].

The pastures for cattle-raising implemented in the EAR are extensive [16–18] and
are the main causes of land-use change [7,15]. Moreover, many cattle-raising practices
are not aligned with the ecological reality of this region [19,20], threatening the conserva-
tion and sustainable use of Amazonian biodiversity. In 2014, about 1.2 million hectares
of pastureland for cattle-raising were registered in the Ecuadorian Amazon [16], where
landscape restoration actions could be promoted through the implementation of good
cattle-raising practices in the context of REDD+ actions, such as technological innova-
tion processes for managing the ecological system, the restoration of released areas, and
productive reconversion.

Ecuador has carried out several efforts aimed at reducing emissions, including devel-
oping policy instruments such as the prime regulatory policies, which are at the core of the
Environmental Organic Code (in the Spanish language: Código Orgánico del Ambiente—
CODA (Official Gazette Supplement No. 983 on 12 April 2017 came into force on 13 April
2018.)). The CODA addresses issues such as climate change, protected areas, wildlife protec-
tion, forest heritage, environmental incentives, environmental quality, waste-management,
access to genetic resources, biosecurity, and the bioeconomy, among other issues [21].
Furthermore, the CODA considers Agenda for Productive Transformation in the Ama-
zon (ATPA) approaches [16]. Through Ecuador’s REDD+ Action Plan [6] and UNFCC,
(UNFCCC 2008), actions to achieve reductions in deforestation, conservation, and the
sustainable use of biodiversity have been developed. Actions have been carried out to
avoid deforestation/degradation, improve the soil carbon stock, reduce GHG emissions,
improvement of soil carbon stock, and facilitate social and environmental co-benefits.

Ecuador created the ATPA [16] as part of the solution to reduce the expansion of
the agriculture frontier. The main aim of ATPA was to convert 300,000 hectares of pas-
tureland to agroforestry, silvopastoral, and forestry-integrated mixed systems [6,16]. The
Chakra, a traditional agroforestry system characterized by its high levels of timber con-
tent [22], fruit trees, diversity [23–25], and promotion of food sovereignty and social and
cultural benefits [26,27], was also considered. Therefore, the implementation of ATPA
approaches requires an understanding of both the livelihoods of local populations and
the best management practices (BMPs) that could release pasture areas for restoration or
the implementation of silvopastoral systems. Silvopastoral systems, or grasslands with
dispersed trees, contribute to carbon sequestration [17,28] and are key elements in inter-
national discussions where REDD+ strategies aim at mitigating environmental stressors.
In this regard, the success of adopting BMPs in the transition to sustainable livestock
production depends on appropriate knowledge of the local realities of livestock production
systems [29].

Therefore, this study has a double objective: first, to characterize the farms along the
elevational gradient in the upper Ecuadorian Amazon; and second, to identify and assess
the best management practices (BMPs) in each ecological zone that help foster sustainable
production using the REDD+ approach and environmental and economic co-benefits. The
research questions were evaluated by applying a mixed methods approach, combining
qualitative and quantitative methodologies. Using the quantitative methodology, according
to social, structural, and technical characteristics, the farms were characterized for each
altitudinal gradient of Amazonia. Later, considering the qualitative methodology with a
panel of 15 experts, BMPs were selected for sustainable production using the Ecuadorian
REDD+ action plan. This research was developed in the buffer and transition zone of the
Sumaco Biosphere Reserve (SBR), located in the northern and central part of the EAR.
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2. Materials and Methods
2.1. Study Area

This research was carried out across an upper Amazonian hotspot [30] that is con-
sidered an important protected area, and the Sumaco Biosphere Reserve (SBR), created in
2000 by UNESCO’s Man and Biosphere program (MAB), both located in the province of
Napo. We worked with livestock households located from 400 m above sea level in the low
zone to 2000 m above sea level in the high zone (Figure 1). In addition, the study area is
located in one of the world’s biodiversity hotspots (Uplands Western Amazonia) [30–32].
The predominant ecosystems were as follows: evergreen foothill forest (BsPn03) in the low
zone, and low montane evergreen forest (BsBn01) and montane evergreen forest (BsMn01)
in the low, medium, and high zones in the northern part of the Eastern Cordillera of the
Andes [33]. The region under study presents a tropical climate with high temperatures,
and is divided into three zones: a low zone with a temperature range between 22 and 24 ◦C,
annual rainfall of 3950 mm, and 84–87% relative humidity; a medium zone with annual
rainfall of 4500 mm, a 24 ◦C average temperature, and less than 80% relative humidity;
and a high zone with annual rainfall greater than 2000 mm, a temperature range between
14 and 19 ◦C, and 88% relative humidity.
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2.2. Sampling and Data Collection

The study was carried out in the buffer and transition zone of the Sumaco Biosphere
Reserve (SBR) in the northern and central part of the EAR, mainly in the province of Napo.
From a total of 464 households along an elevational gradient mainly in the Napo province
of the SBR, we selected a subset of households that had herds containing at least 10 heads of
cattle with more than 3 years of consecutive dual-purpose (both milk and meat) production
activity [34].

In total, 167 households were interviewed by stratified randomized sampling with
proportional assignation in the three elevational gradients: 57 farms in the low zone,
57 in the medium zone, and 53 in the high gradient. All farms were located in the SBR:
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Quijos (San Francisco de Borja), Archidona (Cotundo), and Carlos Julio Arosemena Tola.
Information was collected via farm visits and in situ interviews, which were performed by
the same person.

Livestock activity along the elevational gradient began with different settlement
histories. The high zone, between 1601 and 2000 masl, was settled first, followed by
the low zone, between 400 and 700 masl (45 years ago), and, lastly, the middle zone,
between 701 and 1600 masl. Our reasons for selecting these three zones were based on
ecology, local knowledge, and settlement history. In addition, the elevational gradient
(zone) was considered a fixed factor, as we were interested in the potential differences
between the zones.

Table 1 shows the 22 items that were evaluated, focusing on the social, structural,
and technical characteristics. The items included eight sociodemographic variables; seven
on land-use; and seven on structure, income, investments, and net benefits. The selected
variables for analysis are shown in Table 1. To determine the total cost per household,
all fixed costs (lease of land and maintenance of facilities), financial expenses (interest
payments on loans), and variable costs (purchase of livestock, various inputs, and pasture
maintenance) were considered. The net profit per household was obtained from the net
income minus total costs.

Table 1. Social and structural variables in Napo, SBR, Ecuadorian Amazon, 2015.

Variables Description

Sociodemographic characteristics

Settlement, y Year of settlement of the farm

Ethnicity, % Household head is Kichwa (0/1)

Household size, n◦ Number of household members

Household labor, n◦ Number of household members working on the farm

Generational replacement, % What percentage of children consider continuing with the activity in the future and
what percentage, on the contrary, consider leaving the occupation?

Age of household head, y Age of household head in years

Without regulated education, % Percent of household heads without formal education

Primary education, % Percent of household heads with at least formal primary education

Secondary education, % Percent of household heads with at least formal secondary education

Land-use

Pastureland, ha Pasture area per farm

Cropland, ha Crop area per farm

Remaining forest land, ha Land for forest

Total land, ha Total surface per farm

Forage types Percentage of grass and legume species in each farm

Structure and economic performance

Total animal units, UA Total animals by household. Animals of different categories are included

Breeds Type of cattle used. Most frequent breeds in each farm

Total investment, $ Total household investment amount in livestock and facilities without amortization

Total gross income, $ Total gross income from livestock. Total costs (fixed and variables) were considered

Net profit, $ Total net profit from livestock
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2.3. Statistical Analysis

A total of 167 cattle farms were analyzed for different parameters. All data were
assessed for normal distribution using a Kolmogorov–Smirnoff test, and for homogeneity
of variance with a Levene test. The elevational gradient factor was evaluated using the
general linear model (GLM). When a significant effect was detected, the least-square means
were compared using the Student–Newman–Keuls test (metric variables). Chi-square
tests and contingency tables were used to determine associations between non-metric
variables [35]. Differences were considered statistically significant when p was lower than
0.05. It is considered appropriate to use low–medium significance levels for both inputs and
outputs in dual-purpose systems with high variability [35]. All data were processed using
the IBM SPSS (2013) statistical system (Version 22), Inc., Chicago, IL, USA on Windows.

2.4. Designing and Assessing Best Management Practices (BMPs)

We developed best practices through an analysis of the literature followed by work-
shops with a multidisciplinary panel of 15 stakeholders and researchers. It should be
highlighted that, for each suggested practice, a series of desirable and adaptable criteria
were developed for each of the three zones (elevational gradients), based on several as-
pects including climatic conditions, culture, proximity to the road, and interest of local
governments to contribute to the vision of the REDD+ action plan. Ultimately, 34 potential
BMPs were pre-selected (Table S1). The panel of stakeholders was selected intentionally to
include livestock community leaders, extensionists, technicians, and scholars. All panel
members have specialized interests and experience in sustainable cattle ranching systems,
livelihoods, and climate change. Using this multidisciplinary panel of stakeholders and
researchers, for each elevational gradient, we collected information to assess the best
management practices (BMPs) recommended for livestock systems.

During the workshop with the 15 experts, each pre-selected BMP was analyzed and
addressed according to its relevance in the dual-purpose system’s context. Selection of
the final BMPs started after ensuring the adequacy and appropriateness of the list of
preselected BMPs. This way, the experts assessed each BMP on a Likert scale from one
to five, where one was the least important, and five was the most important [36]. In the
first round of assessment, the BMPs that obtained the maximum score (five) from nine or
more experts were selected, and the BMPs that obtained the minimum (one) score from
nine experts were discarded. In the second round, descriptive information from the set
of responses (concordance index and mean) was sent to each expert to re-examine and
reconsider his or her decision. The Ishikawa index was utilized based on the concordance
level [37]. We selected BMPs with over 60% of the concordance level and an average score
over 3.5. Ultimately, 16 management practices (BMPs) were selected.

The following section uses the cross-sectional study results to examine sociodemo-
graphic characteristics at the household level, land-use at the farm level, livestock manage-
ment systems, and financial/income-based factors.

3. Results
3.1. Characterization of Farms in Three Elevational Gradients

In the results, the ethnicity of the household heads presented statistically significant
differences. Most of the Kichwa population were found to live in the medium zone (56.1%).
Moreover, the household size in the medium zone (6.7) was greater than that in the other
two zones. The year of settlement did not allow us to obtain significant differences in
management or economic performance. The medium zone presented a higher percentage
(78.9%) of households with generational replacement. Furthermore, access to credit for the
dairy cattle system was higher in the high zone (24.5%) than in the other zones (Table 2). A
high level of illiteracy and a high number of heads of households without formal education
(15.8%) were observed in the medium elevational gradient, where 56.1% were Kichwa
with livestock-based livelihood strategies. In the low zone, there was a higher percentage
(61.4%) of cattle ranchers with a primary school education, which could be due to their
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shorter distance to educational centers and the easy access of those centers. In the high
zone, 50% of the heads of households had a secondary education.

Table 2. Characteristics of livestock producers along elevational gradients, Napo, SBR, Ecuadorian Amazon, 2015.

Variables
Elevational Gradients (Zones) Statistical Test

Low Medium High F-Snedecor p-Value 1

Sociodemographic characteristics

Average elevation, masl 543.1 a 1114.1 b 1778.0 c 816.58 0.001

Settlement, y 1975 1984 1952 0.58 n.s.

Ethnicity, % 0.0 56.1 0.0 0.43 0.001

Household size, n◦ 5.56 a,b 6.70 a 5.04 b 1.04 0.01

Household labor, n◦ 2.63 3.00 2.32 0.75 n.s

Generational replacement
(Yes, %) 56.1 a, 78.9 b 56.6 a 8.73 0.01

Age of household head, y 54.79 56.77 57.60 0.71 n.s.

Without regulated
education, % 8.8 15.8 3.8 4.83 n.s.

Primary education, % 61.4 47.4 28.3 12.46 0.002

Secondary education, % 22.8 24.6 49.1 11.57 0.003

Land-use

Pastureland, ha 26.8 ± 19.2 27.2 ± 28.6 22.5 ± 17.2 18.49 0.001

Crops land, ha 1.6 a ± 1.9 2.2 a ± 3.3 0.4 b ± 1.1 17.32 0.001

Remaining forest land, ha 20.1 a,b ± 29.8 32.9 a ± 56.2 12.2 b ± 28.1 22.35 0.05

Total land, ha 47.3 a,b ± 42.1 62.4 a ±70.6 35.2 b ± 40.2 0.73 0.05

Forage

Grasses, % 60 86.7 91.7 77.82 0.05

Legumes, % 40 13.3 8.3 12.10 0.05

Economic performance

Total animal unit, UA 24.2 a ± 13.8 18.8 a,b ± 17.1 30.4 b ± 21.8 5.82 0.01

Breeds
Creole, Charoles,
Santa Gertrudis
and Jersey

Creole, Brown
Swiss and
Brahman

Holstein and
Normando

Total investment, $ 1709.9 b ± 1547.1 1555.8 b± 1403.7 4307.3 a ± 2814.7 32.42 0.001

Total gross income, $ 2762.7 b ± 3038.1 3415.1 b ± 4939.6 19,042.6 a ± 26,204.6 20.11 0.001

Net profit, $ 1052.7 b ± 3259.3 1859.3 b ± 4682.1 14,735.3 a ± 25,120.3 15.15 0.001
1 ANOVA for continuous variables and X2 for discrete variables; n.s. p > 0.05—no significance. Letters in superscript denote significant
differences among elevational gradients.

The comparative results of land-use and farm size among the three groups shown
in Figure 2 indicate that, from the 62.4 hectares in the medium zone, on average, 55% of
the land is used for growing pastures, 40% is covered by forest, and the rest is dedicated
to crops. Subsequently, 62% of the average hectare in the low zone is pastureland, 34%
is forest land, and 5% is crop land. Land in the highland area is mostly used to produce
pastures (81%), while 17% is covered by forest, and only 2% is used for crops. Farms in the
three zones were focused on raising cattle, particularly in the high (dairy and meat) and
low (meat and dairy) zones, while the medium zone was found to feature a greater area of
forest. However, the availability of agricultural land in the three zones was very low.
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The total stock of cattle was significantly greater in the low zone (30.4 animal units)
than in the other research sites. Nevertheless, the annual net benefit was the lowest ($1053).
The existing climatic variables in the 400–700 masl zone play an important role in the
adequate management of cattle production, which is reflected in the annual income ($1053).
If this value is transformed into a monthly income, farmers in this zone earned an average
of USD 87.75, while households in the high zone, with an average of 24.3 animal units,
annually earned USD 14735, which represents a monthly income of $ 1228 (Figure 2).

3.2. Identification of Best-Recommended Livestock BMPs

Table 3 shows the 16 BMPs evaluated under the six REDD+ actions and grouped by
their contribution to improving livestock management (1), rehabilitating pastureland (2),
promoting the reconversion of pasture areas (3), and implementing waste-management
systems (4) in the three zones (Table 3). Likewise, the measures were classified as having
high, medium, or low potential impacts. Thus, a practical and direct guide was proposed,
where the higher-impact BMPs could be visualized (Figure 2).
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Table 3. Livestock BMPs recommended and assessed along the elevational gradient.

Components Best Management Practices (BMPs) Low Zone Medium
Zone High Zone

1. Improvement of
livestock management

Farm planning
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Net profit, $ 1052.7 b ± 3259.3 1859.3 b ± 4682.1 14,735.3 a ± 25,120.3 15.15 0.001 
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3.2. Identification of Best-Recommended Livestock BMPs 

Table 3 shows the 16 BMPs evaluated under the six REDD+ actions and grouped by 
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3.2. Identification of Best-Recommended Livestock BMPs 

Table 3 shows the 16 BMPs evaluated under the six REDD+ actions and grouped by 

their contribution to improving livestock management (1), rehabilitating pastureland (2), 
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Settlement, y 1975 1984 1952 0.58 n.s. 
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Total investment, $ 1709.9 b ± 1547.1 1555.8 b±1403.7 4307.3 a ± 2814.7 32.42 0.001 
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promoting the reconversion of pasture areas (3), and implementing waste-management 
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high, medium, or low potential impacts. Thus, a practical and direct guide was proposed, 

where the higher-impact BMPs could be visualized (Figure 2). 

Table 3. Livestock BMPs recommended and assessed along the elevational gradient. 

Components Best Management Practices (BMPs) 
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ment 
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average of USD 87.75, while households in the high zone, with an average of 24.3 animal 

units, annually earned USD 14735, which represents a monthly income of $ 1228 (Figure 
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Total gross income, $ 2762.7 b ± 3038.1 3415.1 b ± 4939.6 19,042.6 a ± 26,204.6 20.11 0.001 

Net profit, $ 1052.7 b ± 3259.3 1859.3 b ± 4682.1 14,735.3 a ± 25,120.3 15.15 0.001 
1 ANOVA for continuous variables and X2 for discrete variables; n.s. p > 0.05—no significance. Letters in superscript denote 

significant differences among elevational gradients. 
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promoting the reconversion of pasture areas (3), and implementing waste-management 

systems (4) in the three zones (Table 3). Likewise, the measures were classified as having 

high, medium, or low potential impacts. Thus, a practical and direct guide was proposed, 

where the higher-impact BMPs could be visualized (Figure 2). 
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average of USD 87.75, while households in the high zone, with an average of 24.3 animal 

units, annually earned USD 14735, which represents a monthly income of $ 1228 (Figure 
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Table 2. Characteristics of livestock producers along elevational gradients, Napo, SBR, Ecuadorian Amazon, 2015. 
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Elevational Gradients (zones) Statistical Test 

Low Medium High F-Snedecor p-Value 1 

Sociodemographic characteristics  

Average elevation, masl 543.1 a 1114.1 b 1778.0 c 816.58 0.001 
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Household size, n° 5.56 a,b 6.70 a 5.04 b 1.04 0.01 
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Generational replacement (Yes, 

%) 
56.1 a, 78.9 b 56.6 a 8.73 0.01 

Age of household head, y 54.79 56.77 57.60 0.71 n.s. 

Without regulated education, %  8.8 15.8 3.8 4.83 n.s. 

Primary education, % 61.4 47.4 28.3 12.46 0.002 
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Crops land, ha  1.6 a + 1.9 2.2 a + 3.3 0.4 b + 1.1 17.32 0.001 

Remaining forest land, ha  20.1 a,b + 29.8 32.9 a + 56.2 12.2 b + 28.1 22.35 0.05 

Total land, ha  47.3 a,b ± 42.1 62.4 a ±70.6 35.2 b ± 40.2 0.73 0.05 
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Grasses, % 60 86.7 91.7 77.82 0.05 

Legumes, % 40 13.3 8.3 12.10 0.05 
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Total animal unit, UA 24.2 a ± 13.8 18.8 a,b ± 17.1 30.4 b ± 21.8 5.82 0.01 

Breeds 

Creole, Charoles, 
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Creole, Brown Swiss and 
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Holstein and Nor-

mando  
  

Total investment, $ 1709.9 b ± 1547.1 1555.8 b±1403.7 4307.3 a ± 2814.7 32.42 0.001 

Total gross income, $ 2762.7 b ± 3038.1 3415.1 b ± 4939.6 19,042.6 a ± 26,204.6 20.11 0.001 

Net profit, $ 1052.7 b ± 3259.3 1859.3 b ± 4682.1 14,735.3 a ± 25,120.3 15.15 0.001 
1 ANOVA for continuous variables and X2 for discrete variables; n.s. p > 0.05—no significance. Letters in superscript denote 

significant differences among elevational gradients. 

3.2. Identification of Best-Recommended Livestock BMPs 

Table 3 shows the 16 BMPs evaluated under the six REDD+ actions and grouped by 

their contribution to improving livestock management (1), rehabilitating pastureland (2), 

promoting the reconversion of pasture areas (3), and implementing waste-management 

systems (4) in the three zones (Table 3). Likewise, the measures were classified as having 

high, medium, or low potential impacts. Thus, a practical and direct guide was proposed, 

where the higher-impact BMPs could be visualized (Figure 2). 

Table 3. Livestock BMPs recommended and assessed along the elevational gradient. 

Components Best Management Practices (BMPs) 
Low 

Zone 

Medium 

Zone  

High 

Zone 

1. Improvement of 

livestock manage-

ment 

Farm planning ✓✓✓ ✓✓✓ ✓✓✓ 

Implementation of accounting registers ✓✓ ✓✓ ✓✓ 
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average of USD 87.75, while households in the high zone, with an average of 24.3 animal 

units, annually earned USD 14735, which represents a monthly income of $ 1228 (Figure 

2). 

Table 2. Characteristics of livestock producers along elevational gradients, Napo, SBR, Ecuadorian Amazon, 2015. 

Variables 
Elevational Gradients (zones) Statistical Test 

Low Medium High F-Snedecor p-Value 1 

Sociodemographic characteristics  

Average elevation, masl 543.1 a 1114.1 b 1778.0 c 816.58 0.001 

Settlement, y 1975 1984 1952 0.58 n.s. 

Ethnicity, %  0.0 56.1 0.0 0.43 0.001 

Household size, n° 5.56 a,b 6.70 a 5.04 b 1.04 0.01 

Household labor, n°  2.63 3.00 2.32 0.75 n.s 

Generational replacement (Yes, 

%) 
56.1 a, 78.9 b 56.6 a 8.73 0.01 

Age of household head, y 54.79 56.77 57.60 0.71 n.s. 

Without regulated education, %  8.8 15.8 3.8 4.83 n.s. 

Primary education, % 61.4 47.4 28.3 12.46 0.002 

Secondary education, %  22.8 24.6 49.1 11.57 0.003 

Land-use      

Pastureland, ha  26.8 + 19.2 27.2 + 28.6 22.5 + 17.2 18.49 0.001 

Crops land, ha  1.6 a + 1.9 2.2 a + 3.3 0.4 b + 1.1 17.32 0.001 

Remaining forest land, ha  20.1 a,b + 29.8 32.9 a + 56.2 12.2 b + 28.1 22.35 0.05 

Total land, ha  47.3 a,b ± 42.1 62.4 a ±70.6 35.2 b ± 40.2 0.73 0.05 

Forage       

Grasses, % 60 86.7 91.7 77.82 0.05 

Legumes, % 40 13.3 8.3 12.10 0.05 

Economic performance      

Total animal unit, UA 24.2 a ± 13.8 18.8 a,b ± 17.1 30.4 b ± 21.8 5.82 0.01 

Breeds 

Creole, Charoles, 

Santa Gertrudis 

and Jersey 

Creole, Brown Swiss and 

Brahman  

Holstein and Nor-

mando  
  

Total investment, $ 1709.9 b ± 1547.1 1555.8 b±1403.7 4307.3 a ± 2814.7 32.42 0.001 

Total gross income, $ 2762.7 b ± 3038.1 3415.1 b ± 4939.6 19,042.6 a ± 26,204.6 20.11 0.001 

Net profit, $ 1052.7 b ± 3259.3 1859.3 b ± 4682.1 14,735.3 a ± 25,120.3 15.15 0.001 
1 ANOVA for continuous variables and X2 for discrete variables; n.s. p > 0.05—no significance. Letters in superscript denote 

significant differences among elevational gradients. 

3.2. Identification of Best-Recommended Livestock BMPs 

Table 3 shows the 16 BMPs evaluated under the six REDD+ actions and grouped by 

their contribution to improving livestock management (1), rehabilitating pastureland (2), 

promoting the reconversion of pasture areas (3), and implementing waste-management 

systems (4) in the three zones (Table 3). Likewise, the measures were classified as having 

high, medium, or low potential impacts. Thus, a practical and direct guide was proposed, 

where the higher-impact BMPs could be visualized (Figure 2). 

Table 3. Livestock BMPs recommended and assessed along the elevational gradient. 

Components Best Management Practices (BMPs) 
Low 

Zone 

Medium 

Zone  

High 

Zone 

1. Improvement of 

livestock manage-

ment 

Farm planning ✓✓✓ ✓✓✓ ✓✓✓ 

Implementation of accounting registers ✓✓ ✓✓ ✓✓ 

Implement compensation area ✓ ✓ ✓ 

Implementation of fences with sheds  ✓✓ ✓✓ ✓✓ 

-
Agroforestry system
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average of USD 87.75, while households in the high zone, with an average of 24.3 animal 

units, annually earned USD 14735, which represents a monthly income of $ 1228 (Figure 
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Table 2. Characteristics of livestock producers along elevational gradients, Napo, SBR, Ecuadorian Amazon, 2015. 
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Low Medium High F-Snedecor p-Value 1 
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Household labor, n°  2.63 3.00 2.32 0.75 n.s 

Generational replacement (Yes, 

%) 
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Figure 2a shows that farm planning and accounting registers have high potential to
achieve socioeconomic benefits. The BMPs of the compensation areas present medium
potential to achieve environmental co-benefits, avoid deforestation or degradation, reduce
GHG emissions, and improve the soil carbon stock. The building of fences with sheds has
medium potential to achieve all six benefits, particularly those related to deforestation and
avoiding degradation.

Figure 2b shows that the rehabilitation of the pastureland component by planting new
trees in degraded pasturelands has medium potential for all six benefits. The establish-
ment of live fences around grazing zone areas has high to medium potential to achieve
environmental, soil carbon stock, and socioeconomic benefits, to improve the carbon stock,
and to reduce GHGs.

The component of pasture area restoration that includes the BMPs for promoting the
reconversion of pasture areas to forest plantations has high potential to avoid degradation
and deforestation. Likewise, the reconversion of pasture areas to chakra systems has
high potential to contribute to all six benefits but primarily provides socioeconomic co-
benefits. Finally, the reconversion of pasture areas to passive restoration has high potential
to provide environmental co-benefits and improve the soil carbon stock (Figure 2c).

Among the BMPs related to the implementation of the waste-management system com-
ponent shown in Figure 2d, the compensation areas and the establishment of semi-artisanal
biodigesters have high potential to achieve environmental and socioeconomic co-benefits,
and low potential to avoid deforestation and degradation. Furthermore, the establish-
ment of the compost area has medium potential for environmental and socioeconomic
co-benefits, and, like other BMPs, low potential to avoid deforestation and degradation.

4. Discussion

Indigenous populations, who have experienced almost 60 years of colonization, an-
cestrally inhabited the area, which is considered to be a biodiversity “hotspot” under
severe threat [31]. The current protection of the SBR promotes biodiversity conservation,
sustainable development, education, and research as a means of reconciling humans and
nature. The first settlements appeared 70 years ago in the high zone, 45 years ago in the low
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zone, and 35 years ago in the middle zone. The average age of the head of the household
in the study area was over 50, a similar value to that of land-owning producers of small
livestock species at low altitudes in Napo Province [18]. The adoption of unsustainable
productive dynamics similar to those of migrant settlers was observed [38,39], which could
be due to the proximity to roads and the market economy [40,41]. However, it is important
to consider the results of Torres et al. [18], who reported that Kichwa households involved
in livestock-based livelihood strategies obtain significantly lower incomes from this activity
than migrant settlers. For household size, the values (5.3) were similar to those reported by
Kichwa smallholders in the southern EAR [40] and those reported in the Yasuni Biosphere
Reserve [42]. These values were higher than those reported for Kichwa smallholder cattle
ranching households in the central Andes of Ecuador (3.8) [43].

Sustainable production improvements have been widely studied [4,5,44]. In this
context, understanding the Best Management Practices (BMPs) for controlling and reducing
natural resource degradation (forest, land, and water) is essential to design more sustainable
systems. In Latin America, land-use change to grasslands has become one of the main
causes of tropical forest destruction [45]. Through our analysis, we compared the livestock
farming systems among different ecological zones in the Ecuadorian Amazon Region,
linking these systems to economic performance. Then, we identified the best practices
selected for each region. Lastly, we will discuss the assessment of best practices related to
land-use changes, REDD+ actions, restoration of pasturelands, and co-benefits.

4.1. How and to What Extent BMPs Contribute to the REDD+ Approach and the Conversion of
Pasturelands to Other Sustainable Uses

The BMPs were selected based on the following factors: (a) current deforestation
trends considering increased demand for agricultural products [29]; (b) the priorities of
the Ministry of Environment and Water (MAAE) within the framework of the REDD+
action plan [6]; and (c) the different incentive programs in Ecuador, such as ATPA, the
MAAE’s Socio Bosque Program, the MAAE, and MAG’s program (ProAmazonia). All the
identified BMPs were proposed based on their applicability and technical feasibility in
the area, the availability of the facilities on their farms, the observation of major impacts
from greenhouse gas reductions and carbon sequestration, and the presence of a direct
contribution to economic and environmental co-benefits. These BMPs were divided into
the four components assessed (Table 3) for improving livestock management.

For BMP studies of cattle ranching, combining BMPs yielded the greatest change, since
a combination of BMPs is always better than using a single type [46]. In this context, farm
planning and the implementation of accounting registers, compensation areas, cowsheds,
and improvements in animal diet with salt minerals and dietary supplements should
be most effective if a whole-farm management plan cannot be implemented with all the
necessary BMPs. In the cattle ranching sector, the main contributions to sustainability
come from the adequate use of economic and natural resources and the implementation of
effective feeding strategies [47]. Sustainable development is important to understand the
trade-off between farming profitability and environmental protection [48]. Considering
the best management practices to improve cattle-raising will contribute to the long-term
sustainable development of farming [49].

4.1.1. BMPs for the Rehabilitation of Pasturelands

We recommend improving grasslands using the BMPs, including planting trees, as
well as using tree nucleation models and live fences to increase production and profits
and reduce damage to the environment among households engaging in livestock-based
livelihood strategies [18]. On this issue, the livelihood approach could be used to identify
the acceptance of producers to convert less efficient or abandoned pasture areas into
more sustainable production systems, as proposed by Torres and others [50] in the same
study area. The benefits of BMPs were related to increased pasture resistance, a greater
number of animal units per hectare, higher cattle weight, the presence of continuous
pasture, decreased feeding costs, and soil erosion [33]. Using the recommended BMPs to
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recover pasturelands in the Amazon could help deflect the current pressure of establishing
farmland, reduce deforestation and the emissions of GHGs, and increase the carbon stock.
These results are consistent with those of Fernandes and others [51], who highlighted the
importance of rehabilitating pastureland based on its value for human use and ability to
provide ecosystem services and carbon sinks.

Applying nucleation as a reforestation strategy can significantly improve forest diver-
sity and structure, thereby increasing many ecological services [52]. For instance, by 2040,
the adoption of sustainable pasture management in Brazil is projected to increase the pro-
ductivity of pasture-based products by up to 50% [53]. Furthermore, the implementation of
live fences to protect grazing areas as a BMP have productive and ecological benefits. Live
fences can be a source of fodder, wild fruits, firewood, and carbon sequestration, while
providing resources and acting as habitat for other animals. As shown in similar studies
in Central America [54], the joint utility of live fences for production and biodiversity
conservation should be the subject of greater research attention as a sustainable manage-
ment strategy. An understanding of these factors could help policy makers to design new
policies regarding the rehabilitation of pasturelands to improve socioeconomic constraints
and handle degradation phenomena.

4.1.2. BMPs for Forest Restoration

Local people plant trees in association with food crops, thus creating resource agro-
forestry islands in open degraded pastures with more than 100 species [51] and reducing
the amount of land in the livestock system—not only via intensification, as suggested by
Green et al. [55] and Phalan et al. [56], but also due to soil impoverishment and degradation.
Reforestation can, moreover, introduce economic development to deprived rural areas and
create lasting livelihood benefits [57].

The BMPs suggested to promote the reconversion of pasture areas are recommended
in the low and medium zones due to the socioeconomics and cultural characteristics of the
areas. In these zones, the traditional agroforestry system known as Chakra uses locally
adapted patterns of sustainable development and a strong interaction of cultural, bioso-
cial, and environmental aspects embedded in the traditional Kichwa worldview [26,27].
However, rapid deforestation and a significant loss of biodiversity threaten the indigenous
agroforestry systems and modify their socioeconomic and environmental conditions [58].
Therefore, the restoration of pasture areas by afforestation as a BMP strategy in the frame-
work of REDD+, and payment for ecosystem services (PES) provide an opportunity to im-
prove the capacity of landscape carbon storage and create the conditions for re-establishing
ecosystem services. In this regard, Knoke et al. [59] suggested afforestation as the best
option for local farmers to effectively integrate abandoned pasturelands into the production
cycle with high socioeconomic and ecological value in southern Ecuador. Therefore, the
prioritization of pasture areas for restoration is urgently needed; otherwise, due the lack of
sustainable management, the degradation process will continue [60].

Finally, in light of the results (Table 3 and Figure 2), we suggest the following: In the
high zone, it is recommended to start with BMPs that contribute to improving livestock
management and the rehabilitation of pasturelands. Additionally, in the medium and low
zones, it would be easier to start with BMPs, with a focus on promoting the restoration of
pasture areas and improving livestock management.

4.1.3. BMPs for Implementing Waste-Management Systems

The findings in this study show that the establishment of artisanal lombriculture, com-
post areas, and semi-artisanal biodigesters are BMPs that allow for adaptions able to im-
prove the socioeconomic and environmental co-benefits for farm households. Furthermore,
adaptive management allows the conservation of forests [61] and contributes to resilience to-
wards adverse economic conditions [62]. The best practices of waste-management systems
are built from knowledge from social networks within and among communities [63]. How-
ever, livestock BMP research does not often integrate social or human factors. This study
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contributes to the understanding that socioeconomic and environmental benefits emerge
from knowledge that allows adaptive learning, which influences farmers’ decisions to
implement different BMP strategies that can facilitate sustainable livestock intensification.

4.2. Policy Implications for Implementation

The evaluated BMPs could facilitate the development of mechanisms to improve
existing national financial incentive programs related to livestock, as well as encourage
public–private partnership structures and the roles they play as key local actors in potential
REDD+ projects. Our findings could also facilitate discussions between impact investment
funds and multilateral funders that have committed to support REDD+ projects. To this
end, it will be necessary to develop partnerships for specific interventions among several
stakeholders [64,65]. However, it is also necessary to consider other factors such as techni-
cal assistance, livestock technologies, local capacity building, and off-farm employment to
achieve the dual objectives of improving productivity through increased yields and releas-
ing land for restoration purposes. The effectiveness of BMPs is often dependent on other
factors, including proper installation and maintenance and the selection of appropriate
practices for a given combination of households and farm characteristics. The development
of a technical assistance package is proposed to ensure the full implementation of the 16
recommended BMPs.

Additional long-term analyses will be required to validate these assumptions and
assess the technical and financial feasibility of implementing and monitoring these practices.
In addition to their impacts on land-use change, a thorough analysis of the impact of
changes in animal diet, as the most significant source of greenhouse gases (GHGs) from
livestock activity, should be conducted.

5. Conclusions

This research contributes to a characterization of the farms along the elevational gra-
dient in the upper Ecuadorian Amazon. Cattle specialized in milk production predominate
in the upper area, and dual-purpose cattle (meat and dairy) are most common in the
lower area. The Kichwa population was found to be concentrated in the middle zone and
presented a livelihood system with agricultural, forestry, and livestock activity. This study
provides an evaluation of 16 BMPs oriented to improve the sustainability of farms in the
upper Ecuadorian Amazon along an elevation. The application of BMPs by stakeholders
contributes to various REDD+ objectives for restoring and enhancing pasturelands, and
many of these practices will influence climate change mitigation.
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