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Abstract: Secondary cloud forests (SCFs), those that regenerate naturally following abandonment
of human activities in previously deforested land, are of great value as refuges of high species
diversity and for their critical role in hydrological regulation. This opinion paper analyzes the
main environmental, socio-economic, and regulatory aspects that currently hamper the sustainable
use and conservation of SCFs in Mexico for the provision of timber and ecosystem services. The
main constraints identified include contradictory norms and policies and the marginalization of
smallholders in timber production activities. Developing economic incentives for forest product
harvesting and provision of ecosystem services derived from SCFs, while also addressing legal and
normative aspects related to their sustainable use, is paramount. Given the high heterogeneity in
floristic composition and stand structure of SCFs among localities, technical and social norms for
sustainable use should be sufficiently flexible to allow adaptive management approaches. Future
research areas should be focused on monitoring the response of SCFs to silvicultural interventions,
documenting existing traditional practices as well as conducting socio-economic analyses of timber
production and associated ecosystem services. This is essential for developing sound policies and
approaches for the sustainable use and long-term management of SCFs in Mexico.

Keywords: natural regeneration; selective logging; stakeholders; succession; tropical montane cloud
forest landscape

1. Introduction

Restoring forest landscapes is critical to recovering biodiversity, mitigating climate
change and enhancing the provision of ecosystem services, as emphasized by the Bonn
Challenge, the New York Declaration on Forests, and the United Nations Decade on Ecosys-
tem Restoration (2021–2030). To achieve the ambitious goals set out in these initiatives,
restoring forest cover through natural regeneration is considered both a cost-effective and
environmentally friendly option [1–4]. Under favorable socio-economic and biophysical
settings, the process of natural regeneration may proceed uninterrupted (however, see [5]),
thus generating “secondary forests”, which at present cover millions of hectares globally [3]
and across the American tropics and subtropics in particular [6,7].

Secondary forests are important for atmospheric carbon capture, soil erosion reduction,
and the recovery of biodiversity and its ecological interactions [8–10]. Their value as sources
of timber and non-timber forest products in sustaining local livelihoods has been also been
widely documented (reviewed in [11]). Yet despite their environmental and socio-economic
benefits, the permanence of secondary forest cover is at times jeopardized due to normative,
regulatory and institutional factors. The very fact that secondary forests are an integral
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part of agricultural landscapes makes them an ephemeral resource [12,13] either due
to re-clearance for crop planting or to indirect factors such as wildfires linked to rural
outmigration [14]. Other factors that hamper the upscaling of secondary forests as a viable
long-term land use option include the insufficient application of multidisciplinary and
locally tailored management approaches, conflicts and/or overlaps across government
sectors, and agrarian reform laws [3]. For example, smallholder needs and aspirations are
often disregarded when it comes to participating in and benefiting from the harvesting and
commercialization of timber from naturally regenerated forests (e.g., [15,16]).

Although secondary forests occur across both lowlands and uplands, recent analyses
have pointed out that, as a whole, montane ecosystems have consistently gained more tree
cover after long episodes of deforestation at the global [17] and regional levels (tropical and
subtropical Andes; [18]). One particular type of vegetation undergoing natural regrowth
is Tropical Montane Cloud Forest (TMCF) [7,19,20]. More specifically, in Mexico, about
54% of existing TMCF cover corresponds to secondary vegetation [21] and there is a
particular need for targeted interventions to promote sustainable resource use. However,
the management potential of Secondary Cloud Forests (SCFs) for the sustainable use of
goods and services remains poorly analyzed in Mexico from biophysical, socio-economic
and regulatory dimensions. Particularly important in the case of TMCF landscapes is their
ability to continue providing multiple ecosystem services at landscape and watershed
levels, thanks to their exceptional biodiversity, high levels of endemicity, and critical role in
hydrological regulation [22,23].

This opinion paper aims at identifying key biophysical, socio-economic and regulatory
constraints hampering SCFs management in Mexico, with the overall goal of fostering
dialogue around refining and developing policies and strategies for the sustainable manage-
ment of SCFs in the country. Our analysis draws from the opinions of a multistakeholder
workshop, complemented by an expert literature review.

2. Expert Workshop

In 2019, at the Instituto de Ecología A.C., in Veracruz, Mexico, we organized a two-day
expert workshop with the aim of outlining and prioritizing the main constraints for SCFs
sustainable use and management, as well as generating proposals to help overcome key
challenges identified. The workshop was structured around two components: (1) con-
straints on the environmental, socio-economic and regulatory aspects of sustainable man-
agement of SCFs, and (2) strategies to overcome these constraints.

Our approach, framed within participative research, was based on focus groups that
included a diversity of relevant stakeholders with experience on TMCF management.
The idea was to obtain individual reflections and views from previous experiences, as
well as to gather new insights regarding forest management practices [24]. The focus
group is a qualitative method of data collection commonly used to explore and construct
knowledge about a specific topic, in which the moderator (or researcher/evaluator) asks a
set of targeted questions designed to elicit collective views about the topic [25]. For our
workshop, the 18 participants included researchers with experience in forest management
certification and regulatory aspects of forest management, as well as forest managers,
forest owners, and representatives from local government and civil society. Governmental
representatives were invited, however, only one representative of the State environmental
agency participated. The forest owners group was also poorly represented, with only
two participants. The dominant group consisted of academics, who frequently work as
advisors for forest producers organizations. Two groups were formed and at least one
representative with specific expertise was selected for each group. On the first day, each
group held discussions regarding the main limitations for SCFs management, addressing
biophysical and ecological aspects, as well as social, cultural, economic, technical, political,
and normative considerations. We also discussed the most important themes, changes,
and strategies to advance in this respect. On the second day, the results were presented in
plenary, followed by a discussion of the different points brought up by each group in order
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to integrate information regarding the main constraints to the sustainable management of
SCFs and on the strategies proposed to overcome these constraints.

For the literature review, we searched publications for the following terms: “cloud
forest” or “montane forest”, in combination with “harvesting”, “logging”, “management”,
“natural regeneration”, “non-timber forest products”, “passive restoration”, “regrowth”,
“secondary forest”, “selective logging”, “timber”, “tropic”, in English and with the Spanish
equivalents. We also included publications based on our own research experience. Based
on opinions gathered from the workshop, we conducted specific literature searches for
related topics not restricted to SCFs. While we recognize that agroforestry systems, such as
shaded coffee, are very valuable for biodiversity conservation while also representing an
important source of income [26], we did not include these land use types in our analysis.

3. Constraints to the Management of SCFs, Proposals to Overcome These Constraints,
and Potential Benefits of Management

The information generated in the workshop was complemented with our own expert
literature review on SCFs management and conservation in Mexico and elsewhere in the
Neotropics. This was organized into an analytical framework that summarizes: (1) the main
constraints identified for the sustainable management of SCFs in Mexico, stratified into
environmental and silvicultural, socio-economic, and regulatory contexts; (2) key policies
and strategies proposed to overcome these constraints; and (3) the potential benefits of
SCFs sustainable management (Figure 1).

The components of the analytical framework are discussed in the following sections
to exhibit key aspects that are needed for advancing the sustainable management and use
of SCFs, as identified in the workshop and literature review. It should be noted that the
different categories of constraints and benefits can interact (as denoted by the arrows across
components in Figure 1); however, we analyze these separately for clarity.

3.1. Constraints to the Management of SCFs
3.1.1. Environmental and Silvicultural Constraints

The highly dynamic, diverse and heterogeneous nature of SCFs—An important com-
ponent of the complexity of SCFs management lies in their dynamics. While dominated
by the pioneer species that regenerate under high irradiance and display high growth
rates and dispersal by wind, shade tolerant species may also be present and can increase
in dominance with forest age [27,28]. Many commercially valuable tree species that can
become established under the canopy of SCFs in Mexico, such as Juglans pyriformis, Oreo-
munnea mexicana and Quercus spp., are shade-tolerant and frequently have slow growth
rates. Heliophytes, such as Trema mycrantha and Liquidambar styraciflua, are more dominant,
but their economic value is lower. Since stands are diverse (high tree species richness
can occur in early successional stands; [27–29]) with trees varying in growth rates and
requirements for regeneration, traditional silvicultural systems with only one cutting cycle
for all timber species cannot be simultaneously optimal for both slow- and fast-growing
species [30,31]. Additionally, a wide variation has been reported in the recovery processes
of SCFs via natural regeneration as a result of the influence of multiple factors, including
the time elapsed since secondary succession, previous land use history, elevation, and area
of forest cover in the landscape [27–29,32–34].

Low existing commercial timber volume: Low volumes of timber, firewood and
charcoal characterize SCFs; an estimated total volume of wood (including all species, not
only commercial) of 66 m3/ha in SCFs is reported in comparison to 143 m3/ha in mature
TMCFs [21]. In SCFs the lower abundance of trees ≥ 25 cm of diameter also implies an
important limitation, given that trees of these dimensions attain higher timber prices and
the timber production cost per m3 is lower than for smaller trees. In addition, the high
diversity of these forests also implies a low density of commercially valuable species.
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agement: environmental and silvicultural, socio-economic, and regulatory or normative. The framework also points to the 
potential benefits (both environmental and socio-economic) of secondary forest management if these constraints are over-
come through specific policies and strategies proposed in the workshop. The arrows across the categories of constraints 
and benefits denote the potential interactions among various components. 

The components of the analytical framework are discussed in the following sections 
to exhibit key aspects that are needed for advancing the sustainable management and use 
of SCFs, as identified in the workshop and literature review. It should be noted that the 
different categories of constraints and benefits can interact (as denoted by the arrows 
across components in Figure 1); however, we analyze these separately for clarity. 

3.1. Constraints to the Management of SCFs 
3.1.1. Environmental and Silvicultural Constraints 

The highly dynamic, diverse and heterogeneous nature of SCFs–An important com-
ponent of the complexity of SCFs management lies in their dynamics. While dominated 
by the pioneer species that regenerate under high irradiance and display high growth 
rates and dispersal by wind, shade tolerant species may also be present and can increase 

Figure 1. Analytical framework derived from an expert workshop with experience on tropical montane cloud forest,
complemented with our own expert literature review, identifying three major groups of constraints to sustainable forest
management: environmental and silvicultural, socio-economic, and regulatory or normative. The framework also points to
the potential benefits (both environmental and socio-economic) of secondary forest management if these constraints are
overcome through specific policies and strategies proposed in the workshop. The arrows across the categories of constraints
and benefits denote the potential interactions among various components.

Insufficient knowledge of the ecology, silviculture and ecosystem services: There are
limited studies about the impacts of selective logging SCFs on water, soils, nutrient cycles
and biodiversity. Most of the available information regarding silviculture in the Neotropics
is derived from research projects conducted in old growth tropical montane forests in Costa
Rica and Ecuador [31,35–41], and in oak and pine-oak montane forest in Mexico [42,43].
To our knowledge, there is no information available or experiences regarding the effects of
silvicultural treatments on SCFs in Mexico and only few data of growth rates have been
reported for tree species in SCFs [44]. To increase the growth of future crop trees, repeated
improvement felling is recommended, but the risk of dominance by competing vegetation
could be exacerbated given that groups with invasive behavior, such as climbers and
bracken and bamboos, can expand with canopy openness and suppress tree regeneration
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in SCFs [29,34]. For slow-growing species, regeneration control of competing vegetation is
required, particularly in more open areas [45]. To maximize growth, a higher frequency
of low-impact felling, rather than lower frequencies with higher intensity, could be more
appropriate to reduce the risk of dominance of early successional species with invasive
behavior [31]. A study of the effects of thinning on trees (≥10 cm dbh) in 30-year-old
secondary montane oak forest in Costa Rica showed that the mortality rates were higher
in the control than in the stand with thinning (0.58% and 0.19%, respectively); therefore,
thinning contributed to higher stability [41]. Limited knowledge of the time required
for natural forest regeneration to deliver specific ecological, economic and livelihood
outcomes [3] hinders the inclusion of secondary forests in policies and programs that aim
to improve people’s capacity to benefit from their sustainable use and management.

3.1.2. Socio-Economic Constraints

Costs of management for smallholders: SCFs are constituted by small fragments and
are located in contexts where people are living in poverty [46], with forest resources being
an important element of their livelihoods [47]. Unplanned logging for timber, firewood
and charcoal production is widespread among land owners and rural habitants [46,48,49].

The socio-economic and cultural contexts in which secondary succession in TMCF
landscapes takes place vary greatly among regions [46]. About 60% of TMCF is under
communal ownership (ejido and indigenous communities are two types of collective land
ownership; [50]). In this context, community-managed or locally managed forests in Mex-
ico have a key role to play in maintaining sustainable landscapes [51,52]. For example, in
a sample of 106 communities (with >300 ha of forest cover in the states of Oaxaca, Guer-
rero, Michoacán, Jalisco and Durango), 35% had community protected areas (voluntary
conserved areas), most often with the goal of protecting water sources [47,53]. In contrast,
the TMCF of the central and northern highlands of Chiapas have experienced decades
of serious land tenure conflicts, which represent an important obstacle to sustainable
management. The TMCF of this region are highly fragmented, with a predominance of
SCFs [54]. Small-scale individual holdings dominate in the central and southern forest
regions, in the states of Veracruz, Puebla, Tlaxcala and Hidalgo. These are forests under
individual tenure, a condition that pose different challenges. For instance, the costs of
management and legal logging are much harder to address for smallholders, and there
are no collective rules regarding the application of restrictions or promotion of protection
and harvesting practices, as there are in larger collective property holdings such as ejidos
or indigenous communities engaged in silvicultural practices [47,52,55]. Often there is a
sense that individual owners can do as they please with their lands, a view supported by
the perception that secondary forests are less valuable than mature ones.

Limited market for most timber species—Added to the low timber volumes, most tree
species from SCFs attain lower market prices than Pinus spp., the most important genus for
timber production in Mexico [56,57]. The small timber per-hectare volume for tree species
with commercial value in the established market diminishes the economic profitability of
forestry, thereby serving as a disincentive for the management of timber supplies [39]. The
cooperative “Las Cañadas” considered the main obstacles to the sustainable management
of their SCFs in Veracruz to be the high transaction costs (see Regulatory constraints
below) and low profits from SCF timber harvesting, given the low market prices for native
species. The alternative they have proposed and implemented is to sell a wide range of
forest related products (native bee honey, mushrooms and ornamental plants) and finished
timber products (e.g., furniture), rather than sawn wood.

High costs of timber production and lack of financial support—In montane areas, for-
est harvesting techniques and transportation tend to be more expensive and complex than
in lowland forests due to the remoteness and steepness of the terrain. The trees are usually
sawn on site and then transported by mules or donkeys. In some cases, more commercially
oriented silviculture could require an investment in cable techniques or slipways to avoid
ecological damage, particularly in forest stands along steep slopes. These investments
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are most likely unaffordable for smallholders and may not always lead to higher profits.
In addition, small-scale forest owners are excluded from participating in federal forest
development programs in Mexico; because forest policies and the management of public
forest investments are highly centralized and defined for the entire country [58], the needs
of smallholders are mainly ignored [59].

Competition with illegal wood sources—Illegal logging in Mexico accounts for (at
least) 50% of the country’s timber production [60,61]. Institutions responsible for forest
monitoring and enforcing violations are weak and their budgets are dwindling. Mexican
forest law requires that forest producers must conduct forest inventories and produce forest
management plans to obtain yearly logging permits. Without these requirements to meet,
illegal loggers have lower production costs and can thus sell at lower market prices, creating
unfair competition in the marketplace at the disadvantage of forest owners. The informal
economy is characterized by unregulated value chains that supply timber and products
from SCFs without technical guidelines, thereby altering the floristic composition and
structure of successional forests [62–65]. Unsustainable logging could further contribute to
forest degradation and the depletion of locally valuable tree species [49,62–64], which in
turn could facilitate the conversion of forests to agricultural and urban land uses [66].

Limited mechanisms for the valuation of ecosystem services—Ecosystem services
such as carbon sequestration, hydrological services, and soil protection are not fully valued
economically by markets and public policies. The Payment for Hydrological Services
(PHS) program, which was created to provide incentives to avoid deforestation, is focused
on forest conservation goals—not on sustainable management—and the payments are
much lower than the estimated opportunity costs of cloud forest transformation into coffee
or sugarcane crops [26]. Monitoring of SCFs for their inclusion in carbon sequestration
projects is being developed in Central Veracruz. The above-ground net biomass growth
for secondary tropical mountain systems ≤ 20 years old is much lower (1.8–5.0 tonnes
dry matter ha−1 y−1) than for tropical rainforest (11 tonnes dry matter ha−1 y−1) and
tropical moist deciduous forests (7 tonnes dry matter ha−1 y−1) for America, according
to the Intergovernmental Panel on Climate Change [67]. However, forest owners are
attracted to such projects because the payments are higher than for PHS, and timber
harvesting is compatible with this type of program (although long-term commitment is a
prerequisite). TMCF also provide various non-timber forest products, but they are often
commercialized in informal markets by intermediaries at low prices, with small returns for
forest owners [35,68,69].

3.1.3. Regulatory Constraints

Disregard in existing policies and laws for the conditions of and needs for SCFs
management and use–The opportunities for small-scale forest users to improve their
livelihoods through timber and non-timber forest products harvest are very limited in
Mexico, due to the lack of a supportive legal framework, a common condition in other Latin
American countries [15,16,30]. The complex and excessive regulation and bureaucracy in
Mexico represents an obstacle to the development of the forestry sector in general [60,70].
Under the current forest code, TMCF (“bosque mesófilo de montaña” in Mexican law) is
considered a conservation priority, and its management is heavily restricted [71]. In the
case of secondary tropical forests elsewhere, an important constraint lies in technocratic
legal frameworks that restrict local use, especially for smallholders [72], who have difficulty
covering the high transaction costs. Discussion regarding the regulation of secondary forest
management in Mexico has focused on lowland tropical rain forests (e.g., [72,73]), while
the management of other secondary vegetation has remained largely ignored.

Contradictory policies among government sectors regarding natural forest regen-
eration areas disincentivize the protection and management of SCFs. For example, as
part of reforestation programs, forest owners are indirectly subsidized to deforest areas
occupied by SCFs and plant pine trees instead [74], because pines are easily commer-
cialized and considered more productive [28]. This trend has further increased with the
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program “Sembrando Vida” [75], for which the subsidies to reforest with fruit trees and
to establish agroforestry systems is equivalent to 21 times the budget assigned to any
forest management program [59]. Given the high costs associated with the development
of a management plan for timber harvesting (e.g., for forest inventory and forestry con-
sultant fees), landowners are indirectly led to exploit forests illegally and to avoid forest
development via natural succession; instead they choose to practice agriculture or cattle
grazing, activities that traditionally have received important financial subsidies [26,76].
The economic and trade policies disregard national forest production and productive capac-
ities in the forestry sector in general. In consequence, when preconditions for sustainable
management for timber production are so unfavorable, the probability for illegal logging
and conversion into agricultural land often increases [39]. Indeed, the most important
drivers of TMCF deforestation in Mexico are cattle grazing, agriculture (both subsistence
and commercial) and urban growth [46,65,77]. Even though the destruction of TMCF
implies an important economic loss to society in terms of ecosystem services, the higher
revenues from land conversion and the high transaction costs involved in legal logging
often dictate local decisions.

3.2. Policies and Strategies Needed to Overcome Constraints to SCFs Management

Multi-stakeholder dialogue and social learning—Due to the low volume of commercial
timber and the important role of SCFs in the hydrological cycle and in the maintenance of
biodiversity, a multiple-use approach to the forested landscape including diversification
of forest products and services (e.g., water, honey, mushrooms, resin, ornamental tree
ferns) could help to make forest management viable and reduce financial risks [78,79]. To
enable the integration of multiple objectives, strengthening the dialogue among multiple
stakeholders is crucial [80]. Building respect, trust and collaboration requires collective
reflection among different stakeholders on their perceptions of the SCFs and on their rights,
needs and knowledge [81]. Civic science programs could also promote the engagement of
local communities in forest research, strengthening the perceived value of forests.

Adequate legal framework–The lack of a specific legal definition for secondary for-
est in the legislation [71,82] has been identified as an important constraint [72]. Such a
category has been recently included in the legislation [82], and it is now defined as the
forest vegetation that emerges spontaneously during the succession process or that is
recuperated in areas with previous natural or anthropogenic impacts. The incorporation of
this category into other important legal instruments is pending (e.g., “Reglamento de la
LGDFS” [82] ). It is also necessary to define categories and use and management criteria
based on ecological attributes and land use history, to differentiate between old growth
and secondary forests. These definitions should be based on the consideration of regional
and local socioecological conditions.

Flexibility in legal systems to enable adaptive management—Due to the intrinsic
dynamism and heterogeneity of SCFs structure and composition, and to the important
socio-economic variation that exists among regions in Mexico, legal requirements for
use and management should be flexible enough to address regional conditions, thus
enabling adaptive management, and to meet the dynamics of markets. SCFs are transitional,
dynamic ecosystems within landscapes and often including shifting cultivation as a land
use type [83]. In this context, flexible adaptive management approaches are recommended.
Under the prevalent changing climate conditions, adaptive management is also necessary
for forest preservation and community well-being [3]. Due to the small sizes of forest
fragments and low commercial timber volumes, management plans must be adjusted to
stand-specific conditions rather than to rigid national schemes. Such an approach requires
flexibility, accompanied by knowledge generated by the monitoring and evaluation of
local effects of forest management alternatives on ecosystem functions and services. In this
regard, monitoring (including community participation) is a key strategy to improve the
viability of adaptive management.
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Public investment in the development of forest economies—Policies have proved to
be critical strategies for forest conservation and sustainable use in the states of Oaxaca,
Guerrero, Michoacán and Durango (e.g., the Program for Conservation and Forest Man-
agement, or PROCYMAF, established in 2000 is based on advisory and public investment
on local training, governance capacities, small local industries, and diversification of forest
uses) [76]. The provision of funding to expand social (strengthening community’s gov-
ernance structures; promoting participatory territorial planning processes; encouraging
accountability; enhancing platforms for participation) and human (technical, managerial,
marketing, and teaching abilities) capabilities in forest-dependent communities in Mexico
has had a significant positive effect on the reduction of poverty [84]. Nevertheless, despite
proven positive results in terms of contributions to local development, support for commu-
nity forestry has been intermittent and limited to a few case studies [76,85]. This type of
program should be reinforced and scaled up. Smallholders have been generally excluded
from forestry programs and policies targeting local economic development.

A broader strategy of taking a sustainable regional resource management approach
could offer more opportunities to communities. The experience of forest communities
in Sierra de Juárez in the state of Oaxaca, which has benefited from sustainable forest
management and conservation over the last 30 years, shows that regional organization
of forest communities/forest owners is an important mechanism to overcome technical
advisory costs and to jointly address diverse challenges affecting forest areas, such as illegal
logging, illegal hunting, forest fires and industrialization of forest production [86].

Economic incentives and market stimulation for new forest products and servi-
ces—Incentives might be required to cover the opportunity costs of non-sustainable alter-
native land uses [3,87]. It is strongly recommended to adjust the levels of compensation in
the PHS for TMCF to bring them into line with the opportunity costs of other land uses [26],
as well to select forests in strategic watershed locations, i.e., where they are at high risk of
deforestation or contribute to high hydrologic recharge [88]. Young secondary forests have
the lowest economic value, leading to high risk for reconversion to pasture [10]. According
to Naime et al. [10], Payment for Ecosystem Services (PES) for carbon sequestration would
increase additionality and mitigation in young (0 to 12 years) and intermediary secondary
forests (12 to 25 years old), because they offer the largest carbon sink benefits compared
with older successional stages in tropical landscapes in Mexico.

Marketing is also required to promote demand for the diversity of native timber
species. For example, the guide to lesser-known tropical timber species by WWF/GFTN
(2013) was designed to inform and influence buyers of alternative species. Based on
the experience of communities in temperate forest regions in Mexico (such as Sierra de
Juárez in the state of Oaxaca and San Juan Nuevo Parangaricutiro in Michoacán) with
schemes to promote sustainable forest use and management, the development of markets
for ecotourism and non-timber forest products have proved to be important complements
of local forest economies [52].

Information research gaps for promoting sustainable use—To support sustainable
management and use of SCFs, future research is required in the following areas: (1) Impact
of different intensities and types of logging on water, nutrient cycles and biodiversity;
(2) Resilience, e.g., evaluations of the time required for forest to recover before a new
felling cycle can commence; (3) Species-specific recruitment and growth rates in response
to logging and tending operations; (4) Efficiency of restoration with productive goals (e.g.,
enrichment planting, invasive species control); (5) Economic analysis of timber harvesting;
(6) Traditional practices still in use are a valuable source of information regarding the re-
sponse of forest structure and species composition to such interventions, and there is a need
to document and recognize such practices along with the associated local knowledge [89];
(7) Socio-ecological research in collaboration with local communities to design desirable
multiple-use landscapes that integrate the use and management of the diversity of SCFs.
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3.3. Potential Benefits of the Sustainable Use and Management of SCFs
3.3.1. Environmental Benefits

Compatibility of SCFs management with the provision of ecosystem services—Consi-
dering that tropical montane areas are vulnerable to erosion and landslides [90], the
protective function of SCFs for soils and their role in the hydrological cycle [91,92] is
highly valuable, as is maintaining a permanent forest cover and forest structure. For
that to occur, the polycyclic selection system has been proposed as the most adequate
logging method [93], in contrast to monocyclic systems. This method requires maintaining
the presence of all diameter classes, even in small areas, and allows the maintenance of
continuous tree cover, which protects forest soils from erosion and nutrient loss, contributes
to hydrological regulation, and supplies corridors at the landscape level as well as habitat
for varied species in tropical landscapes [94]. Unevenly-aged stands generally exhibit
higher levels of vertical structure (key for many species of birds and mammals) and
present high levels of carbon sequestration [9,94]. Selective logging could be possible
with careful extraction techniques even in steep areas with high susceptibility to erosion
and biodiversity degradation. Coppice harvesting of some oak species is also a common
practice for the production of firewood and charcoal [95].

From an ecological perspective, production of timber, charcoal and firewood in SCFs
could be complemented by the maintenance of mature forest areas (i.e., without any har-
vesting), which can allow for the recruitment of affected taxa and function as seed sources
of late successional species. Selective logging and coppice harvesting would be more
feasible in areas that are threatened by agricultural frontiers to avoid conversion of forests
into pastures or alternative land use. However timber production also depends on market
demand for native species. Therefore, parallel efforts must be done to establish value
chains and/or PES approaches that incorporate sustainable forestry as mentioned above.
In this regard, PES and reducing emissions from deforestation and forest degradation, and
enhancement of forest carbon stocks (REDD+) have been criticized for neither stimulating
nor fostering the entrepreneurship of community members, in contrast with forestry-based
initiatives [96]. Efforts to advance the sustainable management of SCFs could contribute
to fulfilling national climate change mitigation commitments (such as reaching a zero-net
deforestation rate by 2030) and to strengthening environmental policy instruments, as well
as to implementing actions to conserve and restore continental ecosystems, increase their
ecological connectivity, and promote their resilience as reaffirmed by Mexico’s Nationally
Determined Contribution.

3.3.2. Socio-Economic Benefits

Continuous supply of timber, firewood and non-timber forest products—SCFs could
contribute to the supply of timber and firewood while maintaining essential ecosystem
functions, as described above. Alternative sources of timber are very important due to
the increasing demand for and deficit of timber production in Mexico; of the annual
national estimated consumption between 2011 and 2015, only 32% was produced in the
country [97]. An important reason for this is that timber production costs make Mexican
timber more expensive than most imported timber, due to high transaction costs created by
over-regulation, lack of economies of scale and investment in the forest sector. Imported
timber often comes from plantations, and some of it is also from illegal sources [60].

Sustainable sources of firewood are also necessary, given their role in energy provision
to local communities; approximately 25 million people depend on fuelwood in Mexico [98].
Given that many of the species used for firewood are of no commercial value and that one
of the most important uses of cloud forests in Mexico is firewood harvesting [55,98], the sus-
tained supply of this resource from SCFs represents an important benefit for rural populations.

Source of complementary income for forest owners and creation of employment—The
incorporation of SCFs in management schemes could generate employment and training
for locals in activities such as tree felling, skidding and loading, as well as silvicultural
interventions, and these could act as complementary income sources as local knowledge on
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forest dynamics develops. Diversification of land use, which integrates selective logging in
SCFs, plantations of Alnus acuminata in degraded lands, and agricultural land use, has been
assessed as an economically feasible long-term management approach in small farms (30 ha)
in Andean Ecuador [78]. As cloud forests are important for environmental protection and
are poorly suited to commercial timber production, investment in forestry-based economic
growth in rural areas has the potential to deliver promising social benefits.

4. Conclusions

SCFs support important components of biodiversity, contribute to carbon seques-
tration, protect soils from erosion, and act as corridors in the landscape. Based on the
views of experts involved in SCFs management and conservation, we were able to pin-
point and frame relevant issues within the existing body of published knowledge, thereby
advancing the understanding of priorities and issues at stake for this important topic.
In general, we found that opportunities are very limited in Mexico for small-scale forest
users to improve their livelihoods by harvesting timber and non-timber forest products.
Contradictory policies among government sectors regarding natural forest regeneration
areas and excessive legal requirements imposed on forest management discourage the
protection and management of SCFs. SCFs could contribute, via selective logging and
coppice harvesting, to the continued provision of timber and firewood, an important energy
source for local populations, while maintaining a permanent forest cover. However, there
are currently no data available on how selective logging of SCFs can deliver income while
supporting biodiversity conservation and protecting nutrient and water fluxes. Due to the
characteristic small forest fragment size and low timber volumes of SCFs, subsidies are
necessary to promote sustainable use and management, which could be generated from
PES policies. Quantitative assessments of SCFs contribution to the provision of timber and
non-timber forest products, and analysis of the opportunity costs of timber production
in comparison to land use change and PES, could help in the development of adequate
compensatory mechanisms.
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