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Abstract: This study evaluates the social performance of monoculture (MC), intensive silvopastoral
(ISP), and native silvopastoral (NSP) livestock production systems in the tropical region of southeastern
Mexico through a social life cycle assessment (SCLA) approach. The methodological framework
proposed by the United Nations Environmental Program/Society of Environmental Toxicology and
Chemistry (UNEP/SETAC) (2009) was employed based on a scoring approach with a performance
scale ranging from 1 (very poor) to 4 (outstanding). Twelve livestock ranches for calf production were
evaluated using 18 impact subcategories associated with the categories “human rights”, “working
conditions”, “health and safety”, “socioeconomic repercussions”, and “governance”. The stakeholders
evaluated were workers, the local community, society, and value chain actors. The ranches had
performance scores between 1.78 (very poor) and 2.17 (poor). The overall average performance of the
ranches by production system was 1.98, 1.96, and 1.97 for the MC, ISP, and NSP systems, respectively.
The statistical analysis shows that there is no significant difference in the social performance of the
livestock production systems. This assessment indicates that the cattle ranches analyzed in Mexico
have poor or very poor social performance. The results show that socioeconomic and political contexts
exert a greater influence on the social performance of livestock production systems than does their
type of technology.

Keywords: social sustainability; livestock production systems; social life cycle assessment; tropical
livestock; monoculture; silvopastoral

1. Introduction

Animal husbandry is an activity with important positive social and economic effects. Livestock
systems contribute 40% to global agricultural GDP [1] and are organized in long market chains
that employ at least 1.3 billion people globally and directly support the livelihoods of 600 million
smallholder farmers in the developing world [2,3]. At the same time, livestock is an important source
of nourishment. Livestock products contribute 17% to global kilocalorie consumption and 33% to
global protein consumption [2]. Mexico is one of the countries with the highest number of livestock;
in 2017, it accounted for 2.2% of the global population and ranked ninth in the number of livestock
(33,918,906) [4].

In Mexico, animal husbandry is an activity that takes place throughout the country; however,
the tropical region stands out, having 33% of the population of national cattle [5,6]. In the tropical
region, livestock production is characterized by the use of grazing under two predominant systems:
the traditional or native system and the monoculture (MC) system. Recently, silvopastoral systems have
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been introduced in this region because they have been shown to be potentially more productive than
the predominant grazing systems, increasing the biological and economic efficiency of livestock [7].

To date, several studies on grazing systems have been conducted, showing and comparing
their environmental impacts [8–12]. However, analyses of livestock systems in developing countries
generally overlook or downplay the social contribution or impacts made by this sector. In this sense,
the social functions of cattle raising are important; in this regard, the problem consists of obtaining
values that show the social contribution made by the livestock sector and that are based on sound
principles [13,14].

Therefore, researchers and policy advisers face the difficulty of agreeing on which social functions
are important. Understanding the social and socioeconomic characteristics of different livestock
production systems are fundamental for the creation of policy and planning instruments that promote
the shift towards sustainable systems [15].

Social life cycle assessment (SLCA) evaluates the social impacts of a product or service throughout
its life cycle with the aim of protecting human dignity and well-being [16] and supporting decision
makers in selecting products that are socially acceptable [17]. SLCA is based on the life cycle assessment
(LCA) framework [18,19], and the methodology is holistic, systemic, and rigorous in regard to accessing
information about the potential and real impacts of a product’s life cycle. Thus, this tool is useful for
results communication, supporting decision makers in developing public policies, and in selecting
products, inputs, and processes that are socially acceptable [17] and supporting the transition of
production systems towards sustainability. Therefore, this methodology is considered an appropriate
framework for evaluating the social performance of livestock. Previously, Revéret et al. [20] and Chen
and Holden [21] analyzed the socioeconomic impacts of the milk production sector in Canada and
Ireland, respectively, using SLCA. In this article, SLCA is adapted for the first time to the livestock
sector in Mexico.

The main goal of this study is to analyze the three most relevant livestock production systems in
the Mexican tropics through SLCA, for which specific data were used. Through this study, we seek
to identify the critical points of animal husbandry from the social dimension of sustainability and to
identify which system has the best performance.

2. Materials and Methods

The study involves four steps that were performed in alignment with the SLCA methodology and
followed ISO 14040/44 [18,19]: (1) the definition of the goal and scope, (2) life cycle inventory analysis,
(3) impact assessment, and (4) interpretation

2.1. Definition of the Goal and Scope

The goal of this SLCA was to assess the social implications associated with three livestock
production systems over their life cycle [17].

This paper adopts a SLCA approach without considering a complete cradle-to-grave system.
Importantly, there are different boundaries of SLCA, as found in the systematic review performed by
Petti et al. [22]. Of the 35 papers reviewed, 24% focus on the gate-to-gate approach [23–25], while only
32% evaluate a cradle-to-grave system product. Therefore, in this study, the system boundaries were
from the gate to the gate of the farm and consider the cow-calf system, which includes the reproductive
management of cattle, pregnancy and calving, as well as lactation and the weaning of the calf (Figure 1).
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For the purposes of this study, three grazing livestock systems, the monoculture (MC), intensive
silvopastoral (ISP), and native silvopastoral (NSP) systems, were analyzed in two states of the Mexican
tropics, Veracruz (V) and Yucatan (Y), with information from 2014 and 2015 collected. This study was
based on 12 private cow-calf ranches: three MC, five ISP, and four NSP ranches.

In the Mexican tropics, calf production is characterized by cow-calf herds (Bos indicus × Bos taurus)
maintained on tropical pasture. Nonetheless, there is considerable variability in the management
strategies of pasture and supplementation. The main characteristics of the livestock systems studied
are mentioned below.

The MC system is characterized by the use of cultivated grasses as the main diet of livestock
plus a commercial supplement. The ISP system includes cultivated grasses and legumes, such as
Leucaena leucocephala, as the basis of the diet, which is also complemented with commercial concentrate.
Finally, the NSP system is characterized by the presence of little infrastructure, and the diet is based on
native vegetation; grazing is carried out in the forest (Figure 1). The ranches analyzed are considered
medium-sized producers. The herd is composed of cows, heifers and bulls; on average, the MC, ISP,
and NSP ranches have 75, 23, and 2, 95, 19, and 2, and 47, 9, and 1 heads per type of animal, respectively.
All ranches evaluated produce calves; however, one out of four ISP ranches and two out of five NSP
ranches are dual purpose (i.e., produce calves and milk). The MC, ISP, and NSP ranches consist of,
on average, 145, 96, and 74 ha of land, respectively. The average number of workers per system is 4,
4, and 3 for the MC, ISP, and NSP systems, respectively. The calves produced in the three systems
studied are sold to cattle fattening farms located in different regions of the country.

To collect data on the operation of each livestock system, face-to-face interviews were conducted
with the managers of each of the 12 ranches. Semi-structured face-to-face interviews were also
conducted with each of the workers present at the time of the visits. In some ranches, it was not
possible to interview all of the workers because they were in remote areas within the ranch or were
on their day off; thus, a total of 25 out of 40 workers were interviewed. The total number of workers
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interviewed at each ranch are presented in Table S2 (see supplementary). Additionally, a total of
508 residents of the local communities were surveyed.

In this analysis, the results are not related to a functional unit because there is no direct
correlation [26]. However, for communication purposes, 1 kg of live calf is established as the
functional unit, which has been used by other authors in LCA studies [11,27]. The assessment took
place in the tropical region of southeastern Mexico in the states of V (in the municipalities of Ursulo
Galvan and San Andres Tuxtla) and Y (in the municipalities of Tizimin, Tzucacab, and Merida). V is
the main cattle-producing state in Mexico, with 11% of the national inventory of cattle [6], while Y,
over the last five decades, has deforested 29% of its land due to the increase in the use of livestock
land [28]. Therefore, promoting sustainable livestock systems is desired.

2.2. SLCA Inventory Analysis

The data collection consisted of designing questionnaires and conducting surveys and interviews.
The questionnaires were customized for the workers, the local community, the value chain actors
and the managers of the ranches. They included closed-ended (yes/no) questions, multiple choice
questions and open-ended questions through which semiquantitative or quantitative data were
collected. The questionnaires were completed through surveys and face-to-face interviews with
the stakeholders.

Determination of Impact Categories, Subcategories, and Data Sources

This study included 18 impact subcategories associated with five impact categories: “human
rights”, “working conditions”, “health and safety”, “socioeconomic repercussions”, and “governance”
(Table 1). Four stakeholder groups were selected: workers (permanent employees of the ranches),
the local community (people living in the communities closest to the ranches), society (people living in
the states of V and Y), and value chain actors (suppliers of inputs and buyers of calves from the ranches).

2.3. Social Life Cycle Impact Assessment

After completing the social life cycle inventory data collection, the next step is to determine
whether the data indicate good or poor social performance with regard to the specific social aspect.
According to the United Nations Environmental Program/Society of Environmental Toxicology and
Chemistry (UNEP/SETAC) [17], inventory data can be evaluated and interpreted using a scoring
system. The evaluation of social impacts was based on the scoring approach method proposed by
Padilla-Rivera et al. [29], to which specific rating criteria were incorporated by subcategory of impact
for the allocation of performance value.

To evaluate the social impacts of livestock, social life cycle impact assessment (SLCIA) is the
criterion for assigning performance values that are specific to each subcategory based on national and
international regulations (see supplementary Table S1). The subcategories “freedom of association
and collective bargaining”, “social benefits/social security”, “job satisfaction”, and “social acceptance”
were characterized by estimating the percentages of the values collected for these subcategories and
classifying the percentages as 0–33%, 33–66% and 66–100% [30]. According to this scoring system,
if the percentage is greater than 66%, then the performance is rated as 3 (acceptable/yellow).

For semiquantitative indicators with yes/no responses, the “acceptable” rating (3) was allocated
when the response values met the established reference value (RV) (see supplementary Table S1);
a “poor” value (2) was assigned when the RV was not met. If, in addition to not meeting the RV,
the ranch carried out practices (commercial or labor) that are detrimental with respect to the indicator,
then it was assigned the “very poor” value (1). The highest value was allocated when the ranches
presented at least one proactive practice with respect to the RV, reflecting the company’s interest in
the indicator.
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Table 1. Categories and subcategories of social impact evaluation and social inventory indicators, with the reference framework specified.

Impact Categories Impact Subcategories Inventory Indicators Reference Framework

Human rights
Child labor (W) Number of people under 15 working

ILO, Convention No. 138 [31]
UN Global Compact, Principles 1 and 5 [32]

ILO Convention No. 184 [33]

Equal opportunities/discrimination (W) Number of incidents of discrimination CEDAW [34]
Percentage of working women

Freedom of association and collective bargaining (W) Percentage of workers who are members
of a labor union

ILO, Convention No. 11 [35]
ILO, Convention No. 87 [36]

UN Global Compact, Principle 3 [32]
ILO, Convention No. 141 [37]

Health and safety Health and safety (W) Number of work accidents ILO, Convention No. 155 [38]
ILO, Convention No. 184 [33]

LFT [39]Presence of a formal policy concerning
health and safety

Safe and healthy living conditions (Lc) Number of programs to improve the
health or safety of the community

ISO:26000 [40]
UN Global Compact, Principle 1 [32]

IFC Performance Standard 4 [41]

Working Conditions Fair salary (W) Average household income per capita
from the income of the worker WB [42]

Working hours (W) Average number of hours worked/week
ILO, Convention No. 30 [43]
ILO, Convention No.184 [33]

LFT [39]

Forced labor (W) Number of hours of forced labor
identified during the study period

ILO, Convention No. 105 [44]
UN Global Compact, Principle 4 [32]

Social benefits/social security (W)

Average percentage of workers who
receive the minimum social benefits
established by law (vacation, days off,
Christmas bonus, social security, flexible
hours, written contract, and training)

LFT [39]

Job satisfaction (W) Percentage of workers who would
change jobs ORC International [45]
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Table 1. Cont.

Impact Categories Impact Subcategories Inventory Indicators Reference Framework

Governance Community engagement (Lc)
Existence of a mechanism to receive and
take into account the opinion of the
community

ISO:26000 [40]
IFC Performance Standard 4 [41]

Public commitments to sustainability issues (S)
Presence of documents concerning
agreements on sustainability issues
available to the public

ISO:26000 [40]
IFC Performance Standard 4 [41]

Fair competition (Vc)

Documented declaration or procedures
(policies, strategies, etc.) to avoid
becoming involved or being accomplices
in anticompetitive behavior

UN Global Compact, Principle 2 [32]

Promoting social responsibility (Vc)
Among suppliers, the presence of an
explicit code of conduct that protects the
human rights of workers

ISO:26000 [40]

Socioeconomic
repercussions Access to material resources (Lc)

Number of programs that aim to create
infrastructure for the mutual benefit of
the organization and the community

UN Global Compact, Principle 2 [32]

Access to immaterial resources (Lc) Number of education programs for the
community ISO:26000 [40]

Local employment (Lc) Percentage of workers belonging to local
communities LFT [39]

Social acceptance (Lc)
Percentage of respondents who consider
the existence of ranches to be positive for
the community

IFC Performance Standard 4 [41]
UN Global Compact, Principle 1 [32]

W = Workers, S = Society, Lc = Local community, Vc = Value chain actors.
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2.4. Sensitivity Analysis

The sensitivity analysis consisted of evaluating four ranches belonging to educational institutions,
called institutional ranches, in which management practices are carried out in accordance with the
law. These ranches were used as “controls” and were intended to serve as guides for other ranches
in the region. These ranches allowed us to analyze the relationship between social performance and
formal management.

The Kruskal–Wallis H test (p < 0.05) was used to identify whether there was a difference between
institutional and private (noninstitutional) ranches based on performance values (ranging from 1 to 4).
Additionally, multivariate hierarchical clustering was used to analyze whether it was possible to
obtain clusters of the ranches studied. For hierarchical cluster analysis (HCA), first, the optimum
number of clusters that should be used in the classification was obtained through a stability function.
Subsequently, the variables that are significant for each grouping, that is, those that are statistically
significant for determining each of the clusters, were identified. Finally, analysis of the p-values
for the hierarchical clusters via resampling by multiscale bootstrapping (also known as “pvclust”)
was performed to determine whether the groups formed by hierarchical clustering are statistically
significant under a hypothesis test based on resampling [46].

HCA was based on the inventory data, the Euclidean distance was adopted as the dissimilarity
measurement, and averaging was employed when defining the clusters. The analyses were performed
using R statistical software [47].

In this study, the sensitivity analysis also considered a statistical analysis to determine whether
there are statistically significant differences in the social performance of the 12 selected private ranches.
Since the performance results are given in whole numbers between 1 and 4 (discrete numerical variables
of ordinal type), the nonparametric Kruskal–Wallis H test was used.

Another analysis developed was the calculation of a global social performance index, which,
from the assignment of weights, seeks to identify whether there are significant differences between
private ranches. The calculation associates all the indicators established in Table 2 with the indicator
“contribution to local employment”, which is considered strategic in the social performance of the
ranches because it contributes to local economic development. This indicator was obtained from
the number of employees at each ranch and from the number of people employed in the local
community [48]. Based on these data, the percentage of contribution to local employment was
estimated for each system (MC, ISP, and NSP) analyzed. The percentage contribution of each system
represents a weight by which each of the evaluated indicators was multiplied (see supplementary
Table S4). The sum of the products generated the global performance index per system.

Table 2. Description of the social performance scale.

Level Scale Social Performance Rating Criteria
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3. Results and Discussion

3.1. Social Impact Assessment by State

Table 3 shows the data inventory and social performance of the 12 private ranches in five out
of 18 subcategories of impact analyzed Data inventory of all impact subcategories is available as
supplementary material (see supplementary Table S6). Figure 2 illustrates the average performance
score of the ranches for each production system and state (V and Y). This figure shows that in V,
all systems have the same social performance level (1.89). In Y, the MC system is best (2.03), while
the ISP system is the worst (1.98). Comparing the three livestock production systems between states,
we find that those in Y have a better score. On the other hand, the average performance of ranches
by stakeholders showed that workers have the lowest performance level (1.73) compared to the
stakeholders in the local community (2.31), society (2.00), and the value chain (2.00).

As shown in Figure 2, ranches located in the state of Y had better social performance than those
located in V, which can be attributed to the social and socioeconomic conditions of each of the study sites.
V has a GDP of 2.3, while Y has a GDP of 3.2. Another determinant of this result could be the Human
Development Index (HDI), which combines life expectancy at birth, education, and GDP per capita;
this value is higher for Y, having a value of 0.82, than for V, having a value of 0.78 (see supplementary
Table S3). This result could indicate that, at a general level, the positive social impacts of livestock
systems are higher when they are found in better social, socioeconomic, and geographic contexts.
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Table 3. Data inventory by indicator for each of the cases studied for five impact subcategories.

Subcategory/Inventory Indicator VMC1 YMC2 YMC3 VISP1 YISP2 YISP3 YISP4 VNSP1 VNSP2 YNSP3 YNSP4 YNSP5

Freedom of association and collective bargaining (W)

Percentage of workers who are
members of a labor union 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1) 0.00 (1)

Child labor (W)

Number of people under 15 working 1.00 (2) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 2.00 (1) 0.00 (3)

Fair salary (W)

Average household income per capita
from the income of the worker 1.25 (1) 2.50 (2) 1.59 (1) 1.97 (1) 1.74 (1) 1.66 (1) 1.51 (1) 1.89 (1) 1.00 (1) 2.13 (1) 0.95 (1) 0.94 (1)

Working hours (W)

Average number of hours
worked/week 63 (1) 64 (1) 44 (3) 52 (2) 63 (1) 36 (1) 48 (3) 49 (2) 40 (1) 57 (2) 31.50 (1) 35 (1)

Forced labor (W)

Number of hours of forced labor
identified during the study period 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3) 0.00 (3)

V = Veracruz, Y = Yucatan, MC = monoculture, ISP = intensive silvopastoral, NSP = native silvopastoral, W = workers, Lc = local community, S = society, Vc = value chain actors.
The numbers in parentheses indicate the performance level: 0 = no data, 1 = very poor, 2 = poor, 3 = acceptable, and 4 = outstanding. Data inventory of all impact subcategories is available
as supplementary material (see supplementary Table S6).
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3.2. Analysis by Impact Category

3.2.1. Human Rights

The comparison of the average normalized values of the subcategories included in the human
rights category (“child labor”, “equal opportunities and discrimination”, and “freedom of association
and collective bargaining”) among the ranches evaluated showed that all ranches have a very poor
performance level (1 in Table 3) (Figure 3).
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Child Labor

The law forbids the employment of children under 15 years of age, and those over this age can
provide their services within the limitations established by law [31,39]. In the current study, child labor
was identified at two ranches during the period evaluated; the working children were the children of
the farm owners. The law indicates that child labor will be allowed only in productive family activities
for self-consumption [39], which does not apply in this case because the production is also intended
for sale; therefore, these ranches are violating the law.

Child labor was identified in VMC1, where the owner requires his son, under 15, to work at
the ranch because the owner considers that, in this way, his son will grow as a man. At YNSP4,
the two children of the owner work during their school vacation periods; they are 6 and 12 years old.
The participation of children in some types of work, such as helping at home or in a family business,
can be beneficial for personal training since it gives children the possibility of acquiring skills for
adulthood [49]; however, activities in the field represent a physical risk for children. Although there
were no reported work-related accidents involving children in the period studied, we believe that child
labor should not be allowed since more than 21% of accidents in field activities involve children and
practically all accidents in field activities involve family members [50].

Freedom of Association and Collective Bargaining

The International Labor Organization (ILO) [36] states that “Workers and employers have the right
to establish and, subject only to the statutes of the corresponding organization, to join organizations
of their own choosing without prior authorization”. In this study, restrictions on workers’ freedom
of association were not found; however, at none of the ranches were workers associated with a
labor union, which may be due to ignorance of their rights, as noted in the interviews. The lack of
workers’ associations is a common characteristic of rural employment in Latin American regions, and it
strongly limits the protection of workers’ rights [51], facilitating the existence of precarious working
conditions that, in turn, cause discontent and social dissatisfaction that can lead to the abandonment of
the countryside.
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Equal Opportunities and Discrimination

In the present analysis, no incidents of discrimination by employers or workers were identified;
however, none of the ranches met the RV for this subcategory because the participation of women
in the work of the ranches was almost nil and only one working woman was identified at one of the
ranches (YNSP4). The low participation of women in agricultural work is understandable because
the work is hard and those responsible prefer to hire male labor, as was mentioned by some of the
ranch owners. This result is similar to that found by Chen and Holden [21] in Irish dairy farms, where
labor is also dominated by men. Brandth [52] considers that this phenomenon may be related to family
structures and property; at the ranches, there is discrimination by employers against women since
employers prefer to hire men due to their greater capacity to put forth physical effort, which reduces
the chances for women to work and become independent.

The results identified the low participation of rural women in wage labor as an example of the
few opportunities that exist for women’s development and as an example of women’s economic
dependence on men. In Latin America, the cultural assignment of differentiated social roles, where
men are providers and women are responsible for reproduction, the childrearing, and housework,
has caused the late incorporation of women into work. This concept is the basis of much discrimination
against women, especially in rural areas [53]. These issues emphasize the need to close the gender gap
to include rural women in wage labor, which is contained in the fifth Sustainable Development Goal
concerning gender equality [54].

3.2.2. Health and Safety

The “health and safety” category was evaluated through the subcategories “health and safety”
and “safe and healthy living conditions”. To assess the “health and safety” subcategory, two inventory
indicators were used: the “number of work accidents” and “presence of a formal policy concerning
health and safety”. Although only four of the 12 noninstitutional ranches reported work accidents
during the study period, none had an acceptable level of social performance in this subcategory since
all of them lacked a formal policy for health and safety according to the standards established in by
law [39].

The agricultural sector is considered one of the three most dangerous sectors in the world [33,55];
therefore, the existence of a formal policy concerning health and safety in organizations is a requirement
established by law. It is necessary for livestock organizations to meet legal requirements to prevent
accidents at work since they can result in serious injuries [56] with negative effects on family income by
reducing the employee’s physical capacity to work or through job dismissal. It is necessary to establish
monitoring plans regarding health and safety that rely on external representatives who are not ranch
workers and who visit the ranches to monitor legal compliance.

The main impact on human health generated by livestock is direct; that is, it is on the workers.
In this regard, no complaints were identified by the community; however, in the “healthy living
conditions” subcategory, the ranches obtained poor social performance scores (performance level = 2)
because they do not include programs that contribute to the prevention of diseases in the community.

3.2.3. Working Conditions

The “working conditions” category included the subcategories “fair salary”, “working hours”,
“forced labor”, “social benefits/social security”, and “job satisfaction”. Figure 3 shows that three
ranches had a poor performance level and that nine had a very poor level. This result differs from
that obtained by Chen and Holden [21], who obtained favorable results in most of the indicators for
worker stakeholders.
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Fair Salary

According to the inventory data (Table 3), the workers with the highest per capita income and the
only workers who are above the income poverty line are from ranch YMC2. Those with the lowest
income work at ranch YNSP5 (2.50 vs. 0.94 USD/d). That is, in 92% of the ranches, the workers have
an income that places them in a situation of extreme poverty. This result is in line with the findings
reported by Hurst [55]. Some of the characteristics of the payment of salaries include the lack of
payment of overtime at all the ranches and payment in kind with the milk produced; these practices
violate labor rights [39].

Working Hours

In the “working hours” subcategory, only two ranches (YMC3 and YISP4) met the RV (performance
level 3 in Table 3), three ranches (VNSP1, VISP1, and YNSP3) has poor performance (2 in Table 3), and
the remaining ranches had very poor performance (1 in Table 3).

Four ranches (VNSP2, YISP3, YNSP4, and YNSP5) had a very poor performance level (1 in Table 3)
because they presented conditions of underemployment (under 42 h per week). Underemployment is
frequently observed in the agricultural sector and is an important cause of poverty for workers in this
sector [57].

The average number of working hours per week per worker in the evaluated ranches is in the
range of 32 to 63, but we found that at a ranch, employees can work up to 84.5 h per week (Table 3).
The excess number of working hours identified in this study coincides with other activities of the
agricultural sector in Latin America, as reported by Franze and Ciroth [51] in regard to the production
of roses in Ecuador. This study observed that the distribution of workers by weekly working hours
is as follows: only 28% work the number of hours established by law, 24% work between 48 and
57 h, another 24% are underemployed, and the remaining 24% work more than 57 h; that is, 72%
of workers are in precarious conditions of work in relation to the “working hours” subcategory.
The workers did not mention conflicts at work and expressed a good relationship with their employers;
however, a general disagreement about work schedules was identified. The number of working hours
is recognized as a fundamental factor in the well-being of workers and their families; therefore, it is
important to have effective monitoring of legal compliance regarding this issue. The ideal is to achieve
the full employment of people, with workers achieving high productivity and being able to develop
their skills [58] without affecting their well-being and that of their families. Achieving this ideal would
contribute to achieving Sustainable Development Goal 8 (decent work and economic growth) [54].

Forced Labor

In the interviews with the workers, forced labor was not identified; thus, the performance of
the ranches with respect to this subcategory was acceptable (3 in Table 3). This result coincides with
that reported by Franze and Ciroth [51] in an SLCA carried out in Ecuador, a country in which the
conditions of production in the field are similar to those prevalent in Mexico.

However, the working conditions present at some ranches (VMC1 and YISP2) showed violations
of both legal and human rights, e.g., prolonged working hours without overtime payment and a lack
of provision of, or the conditioning of, days off. Although the aforementioned practices do not coincide
with the ILO definition of forced labor, they show clear features of abuse and the inhumane treatment
of workers.

Social Benefits/Social Security

In this subcategory, 100% of the ranches fail to meet the RV. The lack of social benefits in
employment is common in rural areas in developing countries [57], which coincides with the report
of Franze and Ciroth [51] but contradicts the report of Chen and Holden [21] regarding Ireland and
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the Netherlands, where social benefits are granted. Therefore, the intervention of national agencies is
important to ensure compliance with national and international laws in this regard.

Although workers in the livestock sector are formally categorized under the national law [39]
as “field workers” with specific rights, this group of workers is truly unprotected since the laws and
regulations regarding social benefits do not apply in the ranches analyzed because at these ranches,
work is performed under informal conditions. The benefits granted to the workers at the evaluated
ranches are as follows: 77% receive a Christmas bonus; 52% receive days off; 44% receive vacation,
but the number of days granted is less than what is established by law; and 12% receive social security.

Regarding worker training, only two ranches, YMC2 and YNSP5, provide this benefit. Therefore,
the possibility that a worker can gain access to a better salary as a skilled laborer does not exist, which
confirms that rural poverty is related to unskilled labor, a common characteristic of work in the Mexican
countryside [57]. Through the interviews, it was identified that some workers have trained on their
own initiative because they want to access jobs with better incomes and know that training is a tool for
job growth.

Working conditions must be recorded in written contracts [39]; however, in this SLCA, none of
the private ranches analyzed met the RV. In Mexico, there are usually few written contracts in the
agricultural sector; verbal agreements prevail, but they leave workers, who do not know their rights
and do not have an organization to support them, at a clear disadvantage [57].

Job Satisfaction

Job satisfaction is understood as “the feeling of well-being derived from working conditions,
the performance of tasks, belonging to an organization and achieving professional goals and
achievements” [59], which is considered to be closely linked to company productivity; therefore,
a lower intention to change jobs shows greater job satisfaction [60]. To determine job satisfaction,
workers were asked about their desire to change jobs. Forty-six percent answered that they would
change jobs, motivated by better working conditions and better remuneration. The results of the
evaluation show that only five ranches met the RV, two ranches had a poor performance level, and
five ranches had very poor performance. Job satisfaction increases commitment and loyalty to an
organization; therefore, there is a low desire to change jobs, which was not found in the context of the
livestock ranches evaluated [61].

3.2.4. Governance

The four impact subcategories included in the category “governance” (“community engagement”,
“public commitments to sustainability issues”, “fair competition”, and “promoting social responsibility”)
reached a performance level equal to 2, equivalent to a poor rating (Figure 3).

Community Engagement

An important feature of organizations in the community is recognizing and taking into account
the interests and legal rights of their stakeholders and responding to expressions of their concerns,
in addition to evaluating and taking into account the relative capacity of stakeholders to contact,
participate in, and influence the organization [40,41]. Due to the lack of formal mechanisms for
including the opinion of the community in the decisions made by the ranches, the 12 private ranches
analyzed had a poor performance level (equivalent to 2) in this subcategory (Figure 3).

Public Commitments to Sustainability Issues

In this subcategory, all the ranches had poor performance (equivalent to 2) because they lack
agreements and/or reports regarding their environmental, social, and economic performance. In Mexico,
it is difficult for this type of practice to be carried out in livestock organizations such as those that were
evaluated since informality is a characteristic that prevails in these systems.
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Fair Competition and Promotion of Social Responsibility

Both “fair competition” and “promotion of social responsibility” are subcategories associated
with value chain actors. Additionally, they are framed in principle 2 of the UN Global Compact [32],
which stipulates that companies must ensure that they are not accomplices in the violation of the human
rights of interested parties, either by an act or by omission, which occurs more often in areas with weak
governance. In relation to “fair competition”, the ranches do not have policies or strategies to avoid
the involvement of the company in anticompetitive practices. Furthermore, among the suppliers of the
ranches or the buyers of their products, there is no explicit code of conduct that protects the human
rights of workers. Therefore, the livestock ranches analyzed in this study do not meet the RV.

3.2.5. Socioeconomic Repercussions

The social performance of the ranches in the “socioeconomic repercussions” category was poor
(Figure 3). The subcategories evaluated in this impact category were “access to material resources”,
“access to immaterial resources”, “local employment”, and “social acceptance”; of these subcategories,
only the “local employment” subcategory achieved a rating of 4 for all ranches, and the “social
acceptance” subcategory met the RV at two ranches.

Access to Material Resources and Access to Immaterial Resources

The performance of the ranches in the subcategories “access to material resources” and “access to
immaterial resources” was poor (performance level = 2) because the ranches do not have programs,
formal or informal, that aim to support education, create infrastructure, or improve the health of local
communities. Participation in the improvement of the community both in infrastructure and in the
development of residents is part of corporate social responsibility [40]. The decision of the organizations
to positively contribute to the improvement of the local community is a voluntary decision that means
an opportunity to support the protection of human rights in socially underdeveloped communities [32].
The owners of the ranches could improve their social performance by supporting improvements in
the community.

Social Acceptance

The behavior of the ranches towards local communities is reflected in the “social acceptance”
subcategory, which was evaluated by asking local residents whether they consider the existence of the
ranches to be positive for the community. In this subcategory, only two ranches (16.6%) meet the RV.
It was identified that there is a perception that the owners of the ranches are concerned about only
their own interests, that they cause deforestation and pollution and that the jobs they offer are scarce
and poorly paid. However, some interviewees (VMC1, VISP1, VNSP1, and NSP2) considered that the
existence of the ranches is favorable because they are a source of employment, promote agriculture,
sometimes support traditional festivals, and sell locally produced food.

Local Employment

The generation of local employment by companies is considered a generator of economic
development. In this study, the 12 ranches analyzed had an outstanding performance in the “local
employment” subcategory because 100% of their employees belong to nearby communities. However,
the jobs offered by the ranches are scarce; thus, the positive impact of this subcategory is low.

3.3. Sensitivity Analysis

3.3.1. Institutional Ranches

The results obtained from the sensitivity analysis for the institutional ranches showed that
management is the most relevant variable that influences the social performance of ranches in the
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Mexican tropics since the institutional ranches presented better performance than the private ranches
in four out of five impact categories evaluated (Figure 4). This result is in line with Siebert et al. [62],
who state that the social implications are associated with the conduct of the organizations along the
life cycle.
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However, the institutional ranches achieved acceptable performance only in the category “human
rights”. In the categories “health and safety”, “working conditions”, “governance”, and “socioeconomic
repercussions”, they showed poor performance.

The best performance of the institutional ranches was in the “human rights” category since the
workers are affiliated with a union and no child labor was identified during the evaluated period.
However, in the “equal opportunities/discrimination” subcategory, no working women were identified
in three of the institutional ranches; therefore, they had a very poor performance rating.

Regarding the “health and safety” category, all institutional ranches met the RV; however, in the
“safe and healthy living conditions” subcategory, their performance was poor. In the “working
conditions” impact category, the institutional ranches met the RV of the “forced labor”, “social
benefits/social security”, and “job satisfaction” subcategories; however, in the “fair salary” category,
none of the ranches met the RV, and in the “working hours” category, only two ranches met the RV.

In the “fair salary” subcategory, none of the institutional ranches met the RV. The ranches comply
with paying workers the minimum wage established by law; however, this salary is not above the
poverty line established in this study as a RV. Educational institutions are obliged to pay only the
current minimum wage established by law, a salary that does not guarantee that workers and their
families can cover their basic needs. However, the institutional ranches in this subcategory have a
higher average performance value than do the noninstitutional ranches (1.5 vs. 1.1).

In the “working hours” subcategory, during the evaluated period, two of the institutional ranches
(I-VMC1 and I-VMC2) had very poor performance because of the existence of underemployment due
to few working hours.

In the “socioeconomic repercussions” category, the institutional ranches did not reach an acceptable
performance level because only two out of four impact subcategories (“access to immaterial resources”
and “local employment”) met the RV.

The dendrogram obtained by the HCA using the pvclust package (95%) (cluster analysis) shows
the agglomeration of the 16 ranches in three groups (Figure 5). This grouping has a probability greater
than 95%, as indicated by the AU p-values in the dendrogram. Cluster A groups the four institutional
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ranches; Cluster B includes five ranches, two with the ISP system, and three with the NSP system; and
Cluster C includes the seven remaining ranches: three ranches with the MC system, three with the ISP
system, and one with the NSP system (all noninstitutional). According to the cutreevar function of the
“ClustOfVar” method, an R package for the clustering of variables, the similarity variables of Cluster A
are the “labor benefits” and “fair salary” subcategories, as these ranches had the best performance
value in these subcategories; in Cluster B, the similarity variables are “working hours” and “social
acceptance”; and in Cluster C, the similarity feature is “job satisfaction”.
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The reason for the best performance of the institutional ranches with respect to noninstitutional
reaches is that these ranches are obliged by a labor contract to comply with the law, especially with
regard to the workers.

In accordance with the above results, diverse socioeconomic conditions act on workers in a way
that favors abuse by employers, including the lack of legal orientation, the lack of education and the
ignorance of their labor rights, such that they do not find effective ways to negotiate better labor and
salary conditions, which is in line with the findings reported by Contreras [56]. This phenomenon is
exacerbated by socioeconomic situations of poverty that lead to the acceptance of unfavorable and
unfair working conditions [63].

One relevant factor that makes possible the poor social performance of the livestock production
systems studied is the lack of vigilance in compliance with legal frameworks regarding social matters,
which is why establishing adequate monitoring instruments is necessary. Doing so will mean the
development of local norms that cover the particular requirements of the economic activities of the
field and the creation of a monitoring agency (governmental or civil) that supervises and receives
complaints concerning noncompliance with laws regarding social matters and that has the abilities
to intervene to rectify violations by the ranches. The above will support improving the working
conditions of workers and, in general, improve the welfare of all stakeholders in livestock systems.

Additionally, it would be appropriate to implement social agriculture programs to increase the
empowerment of women, provide social assistance to children, and promote the recovery of the dignity
of the rural worker, practices that are widespread in Europe and that should be applied in developing
countries such as Mexico.

The sensitivity analysis shows that even when institutional ranches comply with legal requirements,
they do not achieve acceptable social performance because the RVs for evaluating the impact
subcategories established in this study were based not only on compliance with legal requirements but
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also on human rights. Therefore, it is necessary to reformulate the laws regarding social matters by
considering the basic well-being requirements of people based on local social and cultural situations.

Establishing local standards will support obtaining more accurate results through the use of
SLCA, achieving better coverage when evaluating social impacts. Such results will reflect the points of
opportunity to raise the quality of life of stakeholders and thus promote human dignity and well-being.

3.3.2. Private Ranches

The results of the Kruskal–Wallis H test showed that there is no significant difference (p > 0.05) in
the social performance of the 12 noninstitutional or private ranches.

The results of the global performance index calculated from the contribution to local employment
did not allow us to distinguish significant differences in social aspects between the systems analyzed.
However, the results of this analysis are considered “inconclusive” since it is not unlikely that there
would be an important impact (the 95% confidence interval across the threshold for what is considered
to be an important effect). The social performance scores were 0.30, 0.35, and 0.35 for the MC, ISP, and
NSP systems, respectively (see supplementary Tables S4 and S5). The reason may be that the social
performance of livestock activities is the result of a complex interaction of the social, economic, and
political factors involved in the region. Thus, the results for the livestock systems evaluated can mainly
be explained by their social context and not by the type of agricultural production system.

Regarding the social context, southeastern Mexico is the region with the lowest economic
development in the country, with an average annual growth in GDP of 1.3% (56% less than the
rest of the country, which is above 3%) [64]. Furthermore, this region has the largest national
indigenous population (56.26%) [65], which is considered a vulnerable group due to conditions of
social marginalization (e.g., high levels of illiteracy, lack of access to social security, and lack of access
to food) [66] (In addition, lower levels of education in the employed population are present in this
region [57]. This context leads farmers to provide unfavorable working conditions and precarious
salaries to their employees and to show indifference to or little interest in contributing to improving
local social well-being. Our results are in line with those of Dumont and Baret [67], who note that
the socioeconomic and political context, history, work orientation, and sociocultural heritage exert a
greater influence on producers’ working conditions than does their degree of mechanization.

At the same time, the agricultural sector has conditions of economic lag compared to other sectors.
Its participation in the generation of jobs is the lowest, and it contributes only 11% of the employed
population, while the services, secondary, and commercial sectors show percentages of employment of
44%, 25%, and 18%, respectively [57]. Additionally, the labor markets, particularly the agricultural
markets, tend to be informal [64,68], which favors legal noncompliance.

From the perspective of the sustainability of the sector, the above results are worrisome since
the informality of these producers (most of them are small) prevents them from accessing financing
programs for the acquisition of technological tools, infrastructure, or specialized advice, perpetuating
low economic growth. In addition, the precarious working conditions of the agricultural sector have
caused the abandonment of agriculture and have increased nonagricultural rural work (e.g., small
shops and transport services), leading to, among other things, the transformation of societies in rural
areas and the loss of their cultural identity [69].

4. Conclusions and Recommendations

The results shown in this work can contribute to both the livestock and SLCA fields because the
data provided present real case studies that move towards a full SLCA. Although this work is not a
full SLCA, it can be considered an innovative social sustainability evaluation, and therefore, it can be
considered a tool for achieving the sustainable development of livestock production.

The scoring approach methodology with a life cycle perspective allowed us to objectively evaluate
the social performance of ranches using three tropical livestock systems in Mexico. Based on the results,
in the social context, the ISP system does not have a better social impact than the MC and NSP systems.
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The average value of performance of the noninstitutional or private ranches with the MC system
was better in the impact subcategories “health and safety”, “social benefits”, and “social acceptance”;
the ranches with the ISP system had better performance in “child labor”; and those with the NSP
system had better performance in the subcategory “equal opportunities/discrimination”. Nonetheless,
all these ranches had poor performance.

The results showed that there is no relationship between social performance and the production
system. Rather, it depends on the management practices of each ranch and on complex socioeconomic
processes. We suggest that the behavior of livestock ranches is a reflection of the social, economic,
and cultural realities in the study sites. With more research and more documentation drawing from
practice, where the uncertainty in SCLA mostly comes from will become clearer. For the moment,
one idea would be to qualitatively document uncertainty at the unit process level and according to
which type of data collection is used and how the data are aggregated. Additionally, a stochastic
analysis should be implemented to explore the entire feasible weight space using probabilistic weights.

The results obtained in this SLCA have high precision since the data used were obtained at the
farm level, that is, at the local level, and were specific to the livestock sector. In this study, rigorous
RVs were used to rate the performance of the ranches; therefore, because rural economic activities in
Mexico are usually informal, it is understandable that the social performance levels of the ranches
were poor. However, the completeness and rigor of the methodology used allowed us to understand
the reality of the performance of ranches in southeastern Mexico.

This study showed unfavorable results for a sector with a strategic function to reduce rural
poverty and ensure food security in Mexico; therefore, in conclusion, the livestock ranches evaluated
are not sustainable from the social perspective. To improve the social impacts of livestock ranching,
institutional involvement in monitoring legal compliance and in developing and implementing
strategies that support the transition to sustainable livestock systems is essential. A coordinated effort
that addresses a wide variety of economic, social, cultural, and legal problems is required to prevent
abuse of workers, to reduce their vulnerability, and to generate greater positive social impacts. Within
the possibilities for improving this sector that exist, labor inspection is essential to guarantee that labor
legislation is applied. The participation of ranches in improving the well-being of local communities
and in including their opinions and concerns in decision making within the ranches is also essential.
Additionally, it is necessary to reformulate laws regarding social matters by considering the basic
well-being requirements of people based on local social and cultural situations.

To have a complete SLCA, future work should include consumer interest groups. Additionally,
it is necessary to incorporate indicators that include cultural, social, and economic contexts and to
analyze institutional performance and its impact on the livestock sector.

Finally, further research is needed, and there is room for improvement. This paper shows that there
are limitations and challenges to developing SLCA in light of social sustainability. We identified four
main challenges: those concerning generalization (this research is based on case studies, and therefore,
the results cannot be applied for local or regional decision making), data uncertainty, extension of the
indicators used, and the lack of measurement of positive impacts.
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employment by livestock system, Table S6. Data inventory by indicator for each of the cases studied.
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