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Simple Summary: The tropical dry regions in the Neotropics face significant anthropogenic pressures,
impacting local communities’ life patterns and wellbeing. In a study of the Gulf of Mexico’s tropical
dry region, we evaluated traditional uses of tree species in vegetation patches. Notably, Acacia cochlia-
cantha, Cedrela odorata, Enterolobium cyclocarpum, Gliricidia sepium, and Guazuma ulmifolia were the most
commonly used species. Firewood and pasture management were widespread uses, while reforestation
was less common. Proximity to human settlements influenced inhabitants’ use and recognition of plant
species. Despite reduced forest cover, local communities still recognize multiple uses for vegetation
patches. This research provides essential baseline information for conservation efforts.

Abstract: The tropical dry regions in the Neotropics are under intense anthropogenic pressures,
resulting in changes for local communities related with their life patterns, wellbeing, and their
relationship with ecosystems. The region has a history of human occupation that has shaped the
traditional use of resources. We evaluated the richness, redundancy, and divergence of traditional
uses of tree species present in vegetation patches of the tropical dry region of the Gulf of Mexico
using functional diversity indices. The most used species are Acacia cochliacantha, Cedrela odorata,
Enterolobium cyclocarpum, Gliricidia sepium, and Guazuma ulmifolia, and the uses with the broadest
distributions across the region are firewood and pasture management, while reforestation is the
least common use. While distance to the nearest patch of the closest human settlement is the most
predictive variable associated with inhabitants’ different uses or recognitions of the value of different
plant species, the most recognized and valued species are widely distributed in Mexico. Even when
the forest cover is greatly reduced, the inhabitants recognize numerous uses that can be obtained from
the vegetation patches. The approach used in this work provides important baseline information, as
well as a methodology that facilitates the identification of priority areas for conservation.

Keywords: conservation; human wellbeing; forest-reliant communities; plant uses; traditional
knowledge

1. Introduction

The tropical dry regions in the Neotropics are under intense anthropogenic pressures,
such as increasing rates of land cover changes, increase in the number of human settlements,
and loss of vegetation area, among others [1,2]. All of these have brought ecological
consequences like biotic homogenization (i.e., loss of primary species and dominance of
few secondary species), loss of ecological functions (e.g., natural regeneration), harsher
droughts, and stronger impacts of natural phenomena like hurricanes [3–7]. As a result,
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local communities have suffered the effects of these highly modified landscapes in their
life patterns (e.g., economic activities, migration), wellbeing, and their relationships with
their environment [8–10] and have adapted and learned to make use of these changes. The
dependence of human rural communities on natural resources has been described in many
different contexts [11–13], but this relationship is often not well understood and can even
be mischaracterized as a cause of the high deterioration of ecosystems.

As a result of such misperception, conservation interests often ignore social and eco-
nomic circumstances, such as intensification of migration, which leads to abandonment of
rural activities; public policies that promote agriculture and cattle ranching activities, like
the Idle Lands Law enacted in 1920 in Mexico, which stated that all those lands that did
not host an economic activity (e.g., forests) were considered unproductive; and effects of
land tenure, which, in the case of Mexico, is mostly community property or Ejidal [5,14–16].
However, most tropical dry regions around the world have already been affected by an-
thropogenic activities, often for millennia, and conservation strategies should include a
holistic approach that recognizes the contributions that forests make to overall livelihood
strategies of local people [17–19]. In Mexico, these regions have been inhabited by various
Mesoamerican cultures using resources intensively. Human-modified landscapes domi-
nate much of the tropics, and sound management must recognize the different elements
(e.g., ecosystems, human settlements, economic activities) interacting in order to develop
plans that not only focus on preserving remnant vegetation to maintain ecological func-
tions and biodiversity, but to ensure the wellbeing of local communities with sustainable
activities and ecosystem services supply [5,20,21]. Conservation policy makers need ba-
sic biological and socioeconomic information, as well as understanding of local people’s
perceptions of their environment, to formulate effective management plans [22,23].

Although an awareness of the importance of integrating the local communities as part
of landscapes’ conservation has been growing, the way communities interact with their
environment is context-dependent and highly variable. One method of understanding and
assessing this relationship is through the acknowledgement and appraisal of traditional
knowledge, which offers valuable information of the uses and traditional values that
dwellers identify in wild species [22,24–26]. For plants in particular, wild species within
forests supply people with a range of material services, such as firewood, timber for
construction, and numerous non-timber forest products (e.g., food, medicines, shade,
beauty appreciation) [13,27,28]. Access to these resources is also necessary for non-material
benefits: sustaining ways of life and identity around livelihoods and preserving important
cultural, commercial, and spiritual activities. Some studies have identified variables that
may help to predict the impact of the activities of local communities, including distance to
forests patches, accessibility to fair trade conditions, level of education, age, and ecological
knowledge [12,21,29,30]. Conservation spending could be more efficient and effective if
practitioners had an effective method for rapidly identifying the stakeholders who have
the greatest potential impact on key resources, to ensure that all stakeholders can be well
informed and committed with inclusive and fair conservation initiatives that take into
account their needs and values [22].

For the specific case of the tropical dry region of the Gulf of Mexico, there are two
periods of human occupation scenarios that must be considered: (i) human presence dating
back to pre-Hispanic times when the Totonaca communities initiated the development
of social and economic activities [31,32]; and (ii) more recent colonization dating back
90–100 years to different areas of the territory, which has resulted in much more different
types of traditional knowledge, which usually comes from an inheritance from other places.
The above is reflected in the use of species that have a wide distribution in Mexico such as
Acacia cochliacantha, Cedrela odorata, Enterolobium cyclocarpum, Gliricidia sepium, and Guazuma
ulmifolia. The Totonaca culture still alive in northern Veracruz has maintained traditional
use of species, such as the use of the trunk of the tree Casearia laetioides for ceremonies of
Voladores de Papantla [33], Bursera simaruba for physical illness [34], Randia monantha to
reduce the effects of snake bite, among others. Research efforts to identify the relationship
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between ecosystems and the local communities embedded in them have summarized the
information on the values and uses of the species in the tropical dry region of the Gulf of
Mexico [28,35–38].

Despite these highly valued traditional uses of ecosystems, the Veracruz region has
been heavily transformed by high-impact economic activities such as extensive sugarcane
crop-fields, cattle-ranching pastures, and quarries for stone extraction, among others. The
extension of these activities has increased in the last decade from around 50% to almost
70% of the entire region [15]. This has also generated consequences between the traditional
uses of the communities and these large-scale activities, since, coupled with the increase in
the costs of agricultural inputs and the impossibility of having competitive prices, small
producers abandon their activities and give up their lands to extensive activities [39–41].
Examples have also been observed in which communities rent their lands for high-impact
activities, which prevents them from conducting productive activities on their lands, as
well as accessing goods and services from forest species.

There is a lack of a quantitative assessment of the distribution of the uses and potential
availability of resources in the remnant vegetation across the region. To fill this gap, in
this study, we (1) appraise the diversity of uses of the tree species present in the remain-
ing vegetation patches of the tropical dry region of the Gulf of Mexico and (2) evaluate
the variables associated with human-use patterns (e.g., distance to human settlements).
Through a robust evaluation of the importance of forests (and their different secondary
stages) in the tropical dry region of the Gulf of Mexico for local communities, this work
provides a foundation of understanding for stakeholders (e.g., local resource managers,
state policy makers, local leaders) and decision-makers to promote more integrative and
holistic government programs that ensure conservation efficiency.

2. Materials and Methods
2.1. Study Area

This study was conducted in the seasonally dry tropical region of the Gulf of Mexico,
located at the central part of the state of Veracruz (between 19◦16′55′′–19◦48′16′′ N and
96◦19′13′′–96◦48′48′′ W), in a range of elevation between 20 and 1000 m a.s.l. The mean
annual temperature varies between 22 and 26 ◦C, and the mean annual rainfall between
1200 and 1500 mm/year [42]. The dry season is characterized by five to eight months of
drought. The main occupation of the inhabitants is livestock farming, the cultivation of
mango and papaya, the planting of sugar cane on irrigated lands, self-consumption crops
on rainfed lands (corn, beans, pumpkin, chili), fishing, aquaculture, and cattle ranching [37].
Veracruz livestock farming is characterized by being extensive, with dual-purpose livestock
(milk and meat), in small-scale units, with a low productive and technological level and
with a high dependence on pasture [43].

Ten different types of soil have been found in the region [28], including obrist histosols,
cambid aridisols, and mollic gleysols (FAO/UNESCO classification). The soils in the region
have a high variation in their fertility, as well as in their capacity to retain moisture. Based
on an analysis of the information recorded in the vegetation sampling (see Figure 1 and [37]),
six types of vegetation were recognized in this study, taking into account their stand age,
structure, and species composition: tropical oak forest (TOF), low-statured deciduous forest
(LWF), semi-deciduous forest (SDF), late secondary forest (LSF), intermediate secondary
forest (ISF), and early secondary forest (ESF). The first 3 are different types of old-growth
forest (TOF; LWF; SDF), while the other 3 are different types of secondary forest (LSF; ISF;
ESF) that differed in age, i.e., the time elapsed since agricultural practices were stopped [28].
The SDF was the richest forest type and the one with the highest species equitability, while
the TOF was dominated by just two oak (Quercus) species recorded exclusively in this forest
type [28]. The three types of secondary forest were highly dominated by pioneer or early
successional species that are widespread in anthropic landscapes in the Neotropics, such as
Leucaena leucocephala, Guazuma ulmifolia, and Vachia pennatula.
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Figure 1. Study area in the seasonally dry tropical region of the Gulf of Mexico, Veracruz, Mexico.
Location of the 10 sampling sites (A–J) are specified, and vegetation types of each sampled patch are
shown (each sampled patch is numbered from 1 to 29) within the subfigures to the left.

2.2. Vegetation Sampling

A total of 29 patches of different vegetation types distributed across the region were
sampled based in their accessibility, local permissions, stand age of minimum 5 years, and
an area equal or greater than 1 ha within the study area (Figure 1). Inside each sampled
patch, three transects measuring 50 × 20 m were randomly placed at least 20 m apart from
each other (87 in total; and 8.7 ha of sampling area). In each transect, all rooted individuals
of woody plants with a diameter at breast height (DBH) ≥ 5 cm were identified. For more
details on the methodology used in the field and the analyzes used to define the types of
vegetation, see [43].

2.3. Traditional Uses Determination

The traditional uses of the species registered in the sampled patches were determined
by two methods: (i) interviews to reflect local knowledge and (ii) review of ethnobotany
literature of the region. For the first source of information, no formal surveys were carried
out, only personal communications with some of the local people that assisted the field
work during vegetation sampling and worked in the area or owned the sampled patches.
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The information registered through this method was mainly focused on common names and
basic explanations of some uses. People that assisted in the field work are considered key
informants, as they were chosen for their knowledge of the site and of local plants, which
were invaluable for the field work. In total, information was obtained from ten people; they
were eight men and two women, from seven locations (i.e., Mozomboa, La Mancha, Amelco,
Espuma Blanca, Dos Rios, Actopan, and Rancho el Niño). Each person was well informed
on how their knowledge was going to be recorded, and their authorization was secured.
For the second source, we reviewed the utilitarian data of plant species of the tropical
dry region of the Gulf of Mexico published by different researchers who had studied the
relationship of communities with forests across the region [28,31,35–37,44,45]. For the
purposes of this study, the uses and values of the plant species that had been described
across the region were assigned to the species registered in the sampled patches regardless
of whether the nearest local community recognized them as part of its ecological knowledge.
The traditional uses were summarized in seven categories: firewood, consumption, pasture
management, medicinal, construction, reforestation, and others (Table 1).

Table 1. Traditional uses for tropical dry forest plant species found in the Veracruz region.

Categories Description

Firewood Species used by the local inhabitants in their houses for heating and cooking, among other
domestic activities.

Consumption Species used for human consumption and also to feed the cattle.

Pasture management Species used to fence a property (i.e., live fences or posts) or to ensure shade for the cattle
in the pastures.

Medicinal Species used by the local inhabitants to treat different medical issues (both in people and
house animals), such as headache, snakebite, and stomach pain.

Construction Species used for the construction of houses’ structures, furniture, different kind of tools,
and crafts.

Other This category grouped species used as ornamental plants and sacred species involved in
special ceremonies (e.g., purification).

Reforestation Species used by local inhabitants for reforestation as part of different private and
government initiatives.

The number of uses per species given by informants and the number found in the
literature were used to build a table that compiles information on the tropical dry forest
species for which traditional uses and values are reported. Subsequently, a general map
that represents the patches with the highest number of traditional uses was made in order
to identify zones where forests have more value to the inhabitants.

2.4. Utilitarian Diversity Calculations

In this study, functional diversity (FD) is defined according to Mason et al. [46] as
the value and range of the traits of the organisms in a given ecosystem. We considered
the uses as the attributes (i.e., traits) of each species in order to estimate the indices of
richness (i.e., number of uses per vegetation type), evenness (i.e., distribution of the relative
abundance of the species with a certain use per vegetation type), and divergence (i.e., uses
similarity among dominant species per vegetation type). In this way, the FD represents
the Utilitarian Diversity (UD), following Brown et al. [24]. These indices were estimated
with the function dbFD of the package FD [47] in the statistical programming language R
(version 2.14.10; [48]).
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Additionally, each utilitarian index among the six vegetation types was compared
using generalized linear models (GLMs) with the glm function in the statistical program-
ming language R (version 2.14.10; [48]), with a quasi-poisson error type due to the overly
dispersed nature of our data. When significant differences were found, a post hoc contrast
test (Tukey) was used to determine among which types were the differences. Finally, the
correlation between the three utilitarian indices was evaluated with the species richness
using a Spearman correlation analysis.

3. Results
3.1. The Traditional Uses of the Region

In the vegetation inventories, a total of 160 species and 113 genera were recorded. From
this total pool of species, 65% (104 species) have at least one traditional use (Table S1). The
use with the highest frequency is firewood, with 58 species, followed by consumption, with
49, and pasture management, with 37 species. Only five species have a reforestation use
in the study area. The species with the highest number of uses was Gliricidia sepium, with
five identified uses, including firewood, pasture management, consumption, medicinal,
which was documented in the semi-deciduous forest and early and intermediate secondary
forests (Table S1). Other examples of species with at least four uses were Acacia cochliacantha,
Calophyllum Brasiliense, Cedrela odorata, Cochlospermum vitifolium, Enterolobium cyclocarpum,
Guazuma ulmifolia, Leucaena leucocephala, Maclura tinctoria, and Spondias mombin (Table S2),
which are mainly used for firewood, pasture management, construction, and consumption,
and are primarily found in semi-deciduous forests.

Many species are used by local people across the study region, showing that these
communities have traditional knowledge pertaining to the forests they live in (Table S2
and Figure 2). Throughout the region, inhabitants near the different types of vegetation
identify species to cover all categories of uses and cover basic needs, such as firewood. The
highest number of forest uses are found in the semi-deciduous forest and in late secondary
forest, and the lowest are found in the tropical oak forest (Table S2). The greatest number
of uses documented in a single forest patch are located in the mountain system called
Sierra Manuel Díaz (sampling locations I and J, Figure 2), which is considered one of
the hot spots of biodiversity in the region. The types of vegetation located in these areas
correspond to patches of semi-deciduous forest and late secondary forest vegetation types,
with high number of species for firewood, consumption, and pasture management uses.
The tropical oak forest patches have the lowest values of uses in the study area (sampling
spot F, Figure 2), with a higher proportion of firewood species than other locations, and no
species with medicinal use.

3.2. Utilitarian Diversity

The utilitarian richness varied significantly (χ2 = 73.53, DF = 5, p < 0.001) among the
six vegetation types. The semi-deciduous forest had the highest richness and the highest
internal variance, followed by the intermediate secondary forest, while the tropical oak
forest had significantly lower richness in comparison to all other vegetation types (Tukey
test, p < 0.05) (Figure 3A). Significant differences were also found among vegetation types
in utilitarian evenness (χ2 = 0.56, DF = 5, p < 0.001), and tropical oak forest again had
significantly (Tukey test, p < 0.05) higher differences than all the other types of vegetation,
except intermediate secondary forest (Figure 3B). The utilitarian divergence index, which
measures the distribution of the species abundances in the utilitarian properties, also
showed differences (χ2 = 0.81, DF = 5, test, p < 0.001) among the vegetation types (Figure 3C).
The tropical oak forest was significantly lower than the secondary vegetation types again,
although with relatively high variability in divergence within tropical oak forest patches.
Of the utilitarian diversity variables, utilitarian richness was positively correlated with
species diversity (0.435; Figure 3D), while utilitarian evenness was negatively correlated
(−0.227). None of the correlations were above 50%, likely because one (often particularly
widely distributed) species can have multiple uses, increasing its utilitarian values.
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Figure 3. Scatter plots of functional richness (A), functional evenness (B), functional divergence (C),
and species diversity profile (D) of plant species in six vegetation types. TOF: tropical oak forest,
LWF: low-statured deciduous forest, SDF: semi-deciduous forest, LSF: late secondary forest, ISF:
intermediate secondary forest, and ESF: early secondary forest. Different letters indicate significant
differences (Tukey test p < 0.05). The correlation values between the utilitarian indices and the
diversity are shown in the table within the figure.

In addition to the utilitarian diversity indices, it is noticeable that in some vegeta-
tion types, there are several species with similar uses, thus showing an apparently high
redundancy within each type (Figure 4); although, this does not necessarily mean that they
are interchangeable. The medicinal use has a high redundancy in both preserved forest
(i.e., low-statured deciduous forest and semi-deciduous forest) and secondary forests, but
each species has particular medicinal uses (Figure 4). The vegetation type with the lowest
redundancy is the tropical oak forest, which has few species with uses, and some of them
are provided only by one species (Figure 4). Nevertheless, oak wood is recognized as very
valuable by local inhabitants. On the other hand, semi-deciduous forest is the type with the
highest redundancy, due to the large number of uses provided by a high number of species
(e.g., firewood, pasture management). The secondary forests have high redundancy in their
firewood use category, as well as in consumption and pasture management.
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4. Discussion

As previously noted, originating from the economic activities of the pre-Hispanic
Totonaca communities and the development of their settlements [31,32], this culture still
has settlements and towns in northern Veracruz, where traditional knowledge forms part
of everyday life [49]. Additionally, there is important heritage from ‘mestizo’ knowledge
in the region, which corresponds to people that came from other parts of the country
generations ago and brought with them different kinds of traditional information [37].
Today, the forest cover of the region is less than 25%, and its matrix is dominated by
human activities (e.g., intensive livestock, sugarcane crops). Likewise, there has been
an increase in population density and urbanization, which means a higher demand for
resources, and a rise in the number of high-impact tourism infrastructure, all of which
have resulted in ecosystem degradation (e.g., depletion of natural resources, loss of natural
processes, pollution increase) and the consequent reduction in the capacity for climate
change mitigation and ecosystem services provision [15]. Related to the current context of
tropical dry region in central Veracruz, numerous negative impacts on the quality of life
of the inhabitants of the region might be expected, such as (i) increase in the duration of
droughts, (ii) reduction or loss of crops, (iii) increase in living costs (e.g., food, domestic
gas), and (iv) greater vulnerability to natural phenomena, such as hurricanes [50,51], which
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will be worsened by the loss of forest resources for subsistence and adaptability to face
these harsh conditions.

The findings presented here suggest that, at least in Veracruz, the inhabitants recognize
numerous uses and traditional values that can be obtained from the vegetation patches
of different ages, even when the forest cover is greatly reduced. The traditional uses that
were identified allow local inhabitants to cover basic needs such as food, fuel, medicine,
and construction material while maintaining different successional patches, which means
understanding how the forest recovers from both natural and anthropogenic disturbances.
The methodology followed in our study did not involve direct dialog with all local com-
munities, which may lead to an overestimation of the number of traditional uses assigned
to each vegetation patch (see Methods section). Even though these needs can be met by
residents through other means, recent economic changes (e.g., increase in the price of
gasoline and natural gas for domestic use) make forest products an especially important
resource for local communities, showing a strong dependence on their environment [52–54].
Under today’s economic situation, these rural areas will depend more and more on forest
resources in the near future. The potential deterioration of human wellbeing resulting
from forest degradation highlights the need to recognize that, for decades, there has been a
disconnect between the socio-economic needs of local communities, the development of
high-impact activities, and the conservation priorities in the governmental management
and conservation programs and policies. Many have suggested that incorporating the local
communities’ values for ecosystems in government programs increases the probability of
their success [9,11,22,23,54–56].

4.1. Humans as a Shaper of Their Environment

The intensity of the use of the forest properties is given by different factors, such as
the proximity and accessibility to a resource and the time required for its extraction, among
others. As found by previous studies [21,24,30,57], distance to the nearest road, population
density of the closest settlement, distance to other vegetation patches, as well as species
composition of the patch are variously related to the number of tree species that are used
by the inhabitants of the region. However, it is important to highlight the difficulty in
predicting human decisions and the complex group of socioeconomic variables that should
be evaluated to understand the patterns of forest use. Generational changes, coupled with
an increase in economic pressures, will also likely drive changes in lifestyle and patterns of
use of ecosystems. Such variables may include higher levels of education, transition to labor
activities in the private industry, migration from rural to more urbanized areas (leading to
abandonment of family properties), and loss of traditional ecological knowledge (e.g., uses
of plants) [10,12,58,59]. Due to data constraints, this study was unable to evaluate these
additional variables that may prove key to understanding the current social situation of the
region and the relationship of inhabitants with their environment. A broader investigation
of possible social drivers of forest uses and change in those uses is needed.

It is important to recognize that human decisions have shaped landscapes not only
through high-impact economic activities (e.g., extensive crops) but also at a local scale,
based on how inhabitants select and manage the species of the vegetation patches from
which they extract resources [24,28,59–61]. Even though it has been suggested that this
type of human process can promote the homogenization of the species composition [62,63],
previous studies of the vegetation in this region have shown that a high alpha and beta
diversity is recorded in the landscape, which has allowed identifying forests with different
physiognomic and floristic characteristics [7]. This study identified how forests differ in
terms of the number of traditional uses, with relatively more species being used in certain
forests (e.g., intermediate secondary forest) and relatively fewer in others (i.e., tropical
oak forest). This type of differentiation, a product of human decisions, can lead to an
increase in the options that can enhance local benefits. For example, some species are
preferred for cooking due to the temperature at which the wood burns or the amount
of ashes it produces. In some vegetation types of the tropical dry region of the Gulf of
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Mexico (i.e., semi-deciduous forest and secondary forests), the high utilitarian redundancy
recorded is given by secondary species of wide distribution such as Guazuma ulmifolia,
Leucaena leucocephala, and Gliricidia sepium. Although there are unarguably ecological
variables involved (e.g., dispersal syndrome, growth speed), several human factors can
also contribute to this type of distribution, such as the management (e.g., pruning or
elimination of other species) of the vegetation patches for the proliferation of desired
species [61], movement of human populations (i.e., immigration and emigration), and
cultural exchange and creation of new ecological knowledge [13,24,58]. A species with
desirable characteristics and several uses will be favored over others, making it seems more
redundant. Another example is species used for pasture management, which have been
widely planted at the pastures or preserved after logging. While these species may be easily
exchangeable with any other species in this use category, there are important differences
among them (e.g., L. leucocephala and G. sepium are legumes with nodules that enrich the
soil and are also commonly used as live fences, they grow quickly, flowers of G. sepium are
consumed by people, and cattle eagerly eat the fruits of G. ulmifolia), which influence the
selection people make of them. Species widely distributed among the different types of
patches, which, at the same time, have several uses, help local people manage secondary
vegetation. Thus, the different stages through which tropical forest regenerates are used by
local people.

A contrasting scenario was registered in the less-used patches of tropical oak forests,
where socio-economic factors (e.g., low population density) converge along with ecological
variables like a low species richness and slow growth rates (these patches are Pleistocene
relics of tropical oaks forests), resulting in patches of vegetation with low values of utilitar-
ian richness, evenness and divergence. A low utilitarian redundancy carries conservation
risks since the loss of any species can generate the total loss of a use, destabilizing not only
the functions of the ecosystem but also reducing the possibility of covering basic needs of
local communities (e.g., food, firewood) [24,27]. The tropical oak forest is not very widely
distributed in this tropical region, and people know less about it and use it less, but a highly
appreciated use, such as firewood, still makes it valuable to people. Traditional knowledge
also recognizes its slow growth, as well as greater difficulty in cutting it due to the hardness
of the wood, and this makes it a scarce resource over others that are more abundant and
easier to obtain. The loss of species may affect the capacity of local communities to cope
with socio-economic pressures and changes. From the ecological perspective, oaks are
very slow-growing, compared to many of the useful species of the tropical forest and the
secondary forests. It is important to clarify that the term use should not be interpreted as
value or valuable. For example, even though it could be implied that high diversity is more
valuable than lower diversity for local inhabitants, if a diverse forest patch has less-valuable
uses in contrast with a low diverse patch with high-valuable uses, the calculus changes.
This must be flagged as an area where further work is needed.

4.2. The Challenges That the Tropical Dry Region of the Gulf of Mexico Faces

For the specific case of the tropical dry region of the Gulf of Mexico, there is an
urgent need for new programs and management policies reflecting its high rates of land
use change [15] and numerous consequences for local inhabitants—constant change in
economic activities bringing local economic uncertainties, rising cost of living, negative
impacts on basic needs and wellbeing, and increase in emigration rates, among others. In
this region, local inhabitants do not have adequate social or economic security over the
future of land use [14], which in many cases forces local inhabitants and small landowners
to consolidate or intensify (e.g., rent their land to large producers, increase the number
of livestock per hectare, and intensify extraction of forest resources) or abandon their
properties, leading to a proliferation of secondary vegetation patches [10,57,64]. Thus,
at a local scale, clearing of forests can be expected to continue unless local communities
receive better incentives to preserve forests, in the form of payments for ecosystem services
programs, better market conditions to trade (sustainably harvested) forests products, better
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plans for private conservation initiatives, or promotion of the ecological knowledge of
forest resources, among others [9,11,12,65,66]. The recognition of the forest goods as an
alternative income or source of subsistence products, as well as an emergency cash flow for
local communities, may promote a greater interest in the conservation of ecosystems.

Rural communities throughout the tropics need to balance the income generated
by forest conversion into cropland or cattle pastures against the goods and services that
preserved forests provide. In addition, stakeholders must promote the development of
plans and projects that aim not only for reforestation, which seeks the mitigation and
adaptation to climate change in human communities but also for forest management that
promotes the recovery of goods and services from the traditional uses. A clear example
evidenced in this study would be species such as Bursera simaruba, Guazuma ulmifolia,
Leucaena leucocephala, Piscidia piscipula, and Senna atomaria, which have the potential to
establish themselves in the different types of vegetation in the region, with important
ecosystem functions, which, at the same time, favored a considerable number of uses to
local inhabitants. This society–conservation conflict has intensified for decades, and to
begin addressing it, it is necessary to identify the points of synergy that could help in
developing inclusive programs. This is why there is an urgency to analyze the cost–benefits
from different stakeholder perspectives, to assess the impacts on biodiversity, ecosystem
functions, and local livelihoods [25,29,54,67]. Challenges remain in informing conservation
and management plans, the vast majority of ecosystem service assessments are leaving out
these critical values to local communities [25,29,68–70]. It is imperative that conservation
and government decision-making recognize and reflect these values, or they will not
produce sustainable, just outcomes.

5. Conclusions

The quantitative method presented here integrated ecological, social, and cultural
systems in order to evaluate the provision of ecosystem services in different forest types in
the tropical dry region of the Gulf of Mexico. This methodology allowed the identification
of seven use categories of tree species and the quantification of the utilitarian richness,
redundancy, and divergence that exists in the region. In order for this methodology to
be more widely used, we consider that the basic steps are (1) having detailed floristic
information, either through sampling or review of biological collections; (2) collecting
information on the traditional uses of the species in the area of interest; and (3) generating
the databases that will be used with the statistical packages. This methodology and the
information it offers can be useful for decision-makers, local communities, and international
funds, since the analyses carried out with this approach would allow informed decisions
to be made both in the diversity of a vegetation patch, as well as its importance for
local human communities. The literature review undertaken here can provide important
baseline information without a major sampling effort, and thus can be undertaken fairly
rapidly; although, in a less well-studied region, the replicability of the methodology for
incorporating traditional knowledge of local communities may be reduced. The strength of
this approach is in enabling the identification of priority areas for conservation, using not
only ecological and taxonomical information but also the inherent uses of ecosystems for
local communities, which will help to ensure the maintenance of the diversity of species
groups that also provide services to local inhabitants. For conservation of forests to succeed,
maintaining these ecosystems must be considered vital for the survival and wellbeing of
rural communities due to the array of important goods and services they provide.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/wild1010001/s1, Table S1: Traditional uses of each species registered
in this study; Table S2: Number of species for each use category at each sampled patch.

https://www.mdpi.com/article/10.3390/wild1010001/s1
https://www.mdpi.com/article/10.3390/wild1010001/s1
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