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Societal Impact Statement
Tropical dry forests (TDF) underpin the wellbeing of millions, mostly rural populations; yet have suffered from severe clearing in Colombia, triggering cascading effects such as desertification. By engaging scientists, society, and institutions in the
establishment of platforms for monitoring biodiversity and ecosystem functioning,
crucial knowledge gaps will be bridged, helping to find a path toward sustainable development. Science-led but socially and economically anchored information on bio-
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diversity will help to incorporate nature's contributions to people into the society's
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prehensive management of TDF through a greater impact in decision making.
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cultural values. Ultimately, these transformative actions will translate into the comSummary
Thousands of permanent plots have been established across the tropics with the
purpose of monitoring tree communities. Research outcomes from these platforms,
however, have been mainly directed toward the academic community, and their contribution to society has been limited so far. Here, we show how generating robust data
on biodiversity has supported decision making in Colombian tropical dry forests (TDF),
where less than 8% of their original cover remains. As a first step to build a national dialogue around the critical status of this ecosystem, a national collaborative network on
TDF research and monitoring was born in 2014, the Red de Investigación y Monitoreo
del Bosque Seco Tropical en Colombia (Red BST-Col). Our main goal is to generate scientifically sound information that feeds into the comprehensive management of this
ecosystem. To do so, a set of biodiversity monitoring platforms has been established
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across the country, which have already served to answer socio-ecological questions related with deforestation drivers, citizen science, or the valuation of ecosystem services.
Overall, this research agenda has nurtured the four lines that underpin the Program
for the comprehensive management of dry forests in Colombia (knowledge management,
preservation, restoration, and sustainable use), formulated by the Humboldt Institute,
the United Nations Development Programme, and the Ministry of Environment in 2019.
Many challenges are ahead, however, for a complex territory where multiple social actors and productive sectors coexist. The ultimate goal is to integrate all the dimensions
of biodiversity to achieve a synthetic understanding of the functioning of the most endangered ecosystem in Colombia, and its relationship with local communities' wellbeing.
KEYWORDS

biodiversity, biodiversity monitoring platforms, Colombia, comprehensive management, local
communities, permanent plots, tropical dry forests
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1 | I NTRO D U C TI O N

critical consequences for biodiversity and ecosystem functioning,
scientists, practitioners, and rural dwellers must work hand-in-hand

Tropical forests harbor the Earth's highest biodiversity and play

to impact policies related to forest conservation and sustainable

a central role in global atmospheric cycles (Gentry, 1988; Malhi

management. This goal may be partly reached by going beyond the

et al., 2008). Scientists have been attracted by their complexity for

traditional scope of permanent plots, and transition from purely ac-

centuries, addressing a wide variety of ecological questions regard-

ademic approaches for monitoring biodiversity to shared platforms

ing patterns of species distribution, as well as all kinds of biotic and

assessing socio-ecological resilience (Díaz et al., 2011, 2018). By

abiotic interactions (e.g., Corlett, 2014; Janzen, 1970). A large pro-

involving social actors, plot-based networks may provide not only

portion of research has concentrated its efforts on plant ecology,

the information needed to improve ecological integrity but also the

as trees provide habitat structure for many other plants and trophic

means to enhance knowledge appropriation and thereby evolve

levels. As a result, biologists have established thousands of perma-

toward a comprehensive management of transformed landscapes

nent plots for monitoring tree communities across the tropics during

(Evans & Guariguata, 2008).

the last decades (Aderson-Teixeira et al., 2015; Phillips et al., 2009;

Here, we show how the establishment of biodiversity monitoring

ter Steege et al., 2013). The high versatility of permanent plots has

platforms across Colombian tropical dry forests (TDF) has been the

promoted the development of several networks, which are now in-

first step to build a national dialogue engaging scientists, society,

strumental for evaluating socially relevant issues such as tropical for-

and institutions. We emphasize on the importance of strengthening

ests' contribution to climate change mitigation (Brienen et al., 2015;

a collaborative network to increase our understanding of this criti-

Chave et al., 2008). However, the extent to which this knowledge has

cal ecosystem, and we illustrate, through examples, how knowledge

had a direct contribution to society is less clear (Pascual et al., 2017).

generation on biodiversity has supported decision making at local,

To address this issue, permanent plots can be approached as

regional, and national levels.

biodiversity monitoring platforms, where repeated tree surveys
in one or a set of plots are combined with the monitoring of other
organisms, and also include functional, environmental, and landscape characterizations. In that sense, these platforms become a

2 | CO LO M B I A N TRO PI C A L D RY FO R E S T S :
A N O U T S TA N D I N G C H A LLE N G E

powerful tool to support decision making related to environmental problems by promoting a synthetic understanding of ecological

Nowhere is it more important to find the connection among science,

systems. Moreover, because they are conceived as a continuous

policy and people than in drylands, one of the most endangered bi-

endeavor, biodiversity monitoring platforms may encourage collab-

omes worldwide (Bastin et al., 2017). Among Neotropical drylands, a

oration between different actors, thereby articulating benefits to

large fraction corresponds to TDF, an ecosystem characterized by a

people (Sierra et al., 2017). In the face of rapid forest loss and its

high variation in floristic composition at continental (DryFlor, 2016)

|
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and regional scales (González-M. et al., 2018), and harboring a great

on TDF research and monitoring, the Red de Investigación y Monitoreo

number of endemic species (Linares-Palomino, Oliveira-Filho, &

del Bosque Seco Tropical en Colombia (Red BST-Col), whose main goal

Pennington, 2011). TDF play a key role in climate regulation and

is to generate scientifically sound information that feeds into strate-

soil fertility maintenance, and are critically important for watershed

gies for a comprehensive management of TDF (Figure 1). During that

protection, an essential service in an ecosystem where water scar-

first meeting, a roadmap was developed to identify short-, medium-,

city is the rule (Maass et al., 2005). In addition, it provides tangible

and long-term priorities (Pizano, González-M., Hernández-Jaramillo,

goods for millions, underpinning the wellbeing and employment of

& García, 2017). The Alexander von Humboldt Biological Resources

rural populations through the supply of food and fuel wood (Blackie

Research Institute (Humboldt Institute), an organization facilitating

et al., 2014). Despite their pivotal role in society, TDF have suffered

communication between scientists and decision makers in Colombia,

from severe and widespread clearing across South America (Portillo-

fulfilled the pressing task of producing a detailed map of TDF cur-

Quintero & Sánchez-Azofeifa, 2010). On top of this, converted lands

rent distribution and conservation status (Instituto umboldt, 2014;

are under desertification threat as droughts are becoming longer

Figure 2a). This map, which combined satellite imagery with exten-

and more frequent, a byproduct of climate change (García, Corzo,

sive ground validations, provided the first rigorous depiction of the

Isaacs, & Etter, 2014; Huang, Yu, Guan, Wang, & Guo, 2016). Given

extent of TDF dire condition, enhancing its visibility as an endan-

this scenario, there is an urgent need of thoroughly evaluating the

gered ecosystem on social and political arenas.

resilience of TDF and their contribution for supporting the livelihoods of local communities in fast-changing environments.

The mid-term priority of this research agenda was to establish a
comprehensive, nation-wide biodiversity monitoring platform allow-

Addressing this challenge is an even more demanding task in

ing to address issues related to the science–society boundary. To do

Colombia, where less than 8% of the original area covered by this

so, the Red BST-Col established a set of platforms across the coun-

ecosystem remains, and only 5% of remnants are protected (García

try that included flora, fauna, and ecosystem processes assessments

et al., 2014). Land use conversion has been mainly driven by cattle

(Figure 2b,c). Although this approach has already served to answer

ranching and agriculture, and today's forest fragments are threat-

several socio-ecological questions related to deforestation drivers,

ened by the development of megaprojects such as roads, hydroelec-

biodiversity use, or ecosystem services valuation, these efforts are

tric dams, or mining (González-M. et al., 2018). Above all, many TDF

not enough in a complex territory where rural populations have lived

areas have been the arena of a complex, long-lasting armed conflict,

for centuries and forest fragments are therefore embedded in pro-

which has either prevented or promoted deforestation, depending

ductive landscapes. Preventing the loss of biodiversity and of eco-

upon the identity of armed actors and the geography of the region

logical integrity has been hampered by the lack of an environmental

(Dávalos, 2001; Negret et al., 2019). This situation led the Colombian

legislation, specific to TDF. A robust policy associating the knowl-

government to categorize TDF as a critically endangered ecosystem

edge generated on this ecosystem for over almost a decade with its

(Etter, Andrade, Saavedra, Amaya, & Arévalo, 2017), a strategy to pri-

comprehensive management is crucial to regulate deforestation and

oritize actions in favor of the preservation and restoration of forest

forest degradation.

remnants (DNP, 2010). Although the mandate is clear, building a con-

In view of this situation, in 2018–2019, the Humboldt Institute, in

sensus among the whole spectrum of stakeholders and the academic

hand with the Ministry of Environment and Sustainable Development

community is a huge challenge. Hope is set on the use of science-led

(MADS) and the United Nations Development Programme (UNDP),

but socially and economically anchored information on biodiversity.

formulated the National Program for the Comprehensive Management

A thorough assessment of the impact of human-driven activities on

of Tropical Dry Forests in Colombia (PNGIBST). The PNGIBST delin-

biodiversity and ecosystem functioning will help to identify potential

eates an action plan with a horizon of 10 years, the main purpose of

tipping points from which socio-ecological resilience will no longer be

which is to promote the comprehensive management and ecological

possible. However, for this information to be relevant, a multidisci-

integrity of TDF through joint actions from academia, state govern-

plinary analysis of the economic, political, and social barriers hamper-

ment, NGOs, productive sectors, and civil society. This program, led

ing conservation approaches is needed, as well as a constant dialogue

by the Humboldt Institute and UNDP but built upon a participatory

among the different actors coexisting in the territory (Díaz et al., 2011).

process involving regional stakeholders, is structured around four
major topics: (a) Knowledge management, aiming to fill knowledge

3 | CO M PR E H E N S I V E M A N AG E M E NT O F
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gaps and to catalyze knowledge appropriation about the state of
biodiversity, its major threats and how it relates to ecosystem services, by combining academic expertise and local knowledge; (b)
Preservation, the purpose of which is to achieve efficient conserva-

Ten years ago, TDF in Colombia were poorly known, to the point

tion in the long term by identifying and managing top priority areas,

that their distribution in the country was not well documented (Etter,

as well as by integrating complementary conservation strategies that

McAlpine, & Possingham, 2008; Figure 1). In 2014, over 20 academic

involve local communities; (c) Restoration, aiming for the recovery

and governmental institutions, as well as environmental and social

of degraded areas through participative processes prioritizing both

NGOs, joined forces to increase our knowledge of this ecosystem.

passive and active restoration actions; and (d) Sustainable use, seen

This initiative helped to consolidate a national collaborative network

as a conservation strategy relying on the design and implementation

4
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F I G U R E 1 Timeline showing the benchmarking events that have shaped the agenda of tropical dry forests (TDF) in Colombia. Motivated
by the declaration of TDF as a strategic ecosystem, the academic community established multiple biodiversity monitoring platforms
across the country to increase our understanding on the functioning of this ecosystem. In parallel, the positioning of TDF as a critically
endangered ecosystem encouraged the National Government to urge other initiatives that have contributed to its conservation. Although
local communities have been involved since the beginning of this research agenda, nowadays, their engagement has been significantly
strengthened through their participation in citizen science schemes. The National Program for the Comprehensive Management of TDF in
Colombia (PNGIBST) will address issues relevant to all actors

of sustainable models of production and nature-based solutions to

et al., 2019). Data have also provided insights on patterns of TDF

reach a balance between TDF ecosystem services and economic

tree species' abundance and spatial distribution, showing that almost

and socio-cultural interests. Here, we describe how the ongoing re-

half of the species recorded in permanent plots are extremely rare

search agenda in TDF has nurtured each of these four guiding lines

and as much as 80% exhibit a restricted distribution (Norden et al.,

(Figure 3).

2019). To trace the path from functional traits all the way to ecosystem functioning, and evaluate species responses to environmen-

3.1 | Knowledge management

tal gradients as well as their impact on ecosystem properties, leaf
and wood anatomical traits have been sampled for a subset of 400
species. So far, functional data have been the basis to assess trait

Among its first activities, the Red BST-Col initiated a thorough eval-

variation among tree species (Nieto et al., 2017; Pulido-Rodríguez,

uation of the taxonomic, functional, and phylogenetic facets of plant

López-Camacho, Torres, Velasco, & Salgado-Negret, 2020). Further

communities through a set of sixteen 1-ha permanent plots estab-

analyses will help to understand how plants cope with drought, and

lished across different TDF regions, where 536 species belonging to

thereby predict TDF resilience in face of future climate change sce-

79 families were recorded (Figure 2b). This information has shown

narios (Allen et al., 2017). Efforts are being made as well on the ge-

that species diversity, forest basal area, and canopy height decrease

netic dimension of biodiversity to disentangle TDF assembly from

as drought and landscape transformation increase (González-M.

an evolutionary perspective. Tissues from all botanical samples have

|
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F I G U R E 2 Description and locations of the different kinds of biodiversity monitoring platforms. (a) Validations points in 571 forest
fragments that nurtured the map of tropical dry forests (TDF) distribution; (b) location of the sixteen 1-ha tree permanent plots established
in mature forest fragments of TDF and including taxonomic, functional, and phylogenetic information for all tree species; (c) location of the
nine biodiversity platforms for monitoring woody plants in nine to twelve 0.1 ha plots, birds, terrestrial vertebrates, ants, and soundscape
along gradients of landscape transformation and forest succession; (d) location of the three participatory monitoring platforms relying on
tracks along different sampling points, where local communities evaluated several fauna and flora species

been systematically collected with the purpose of obtaining a re-

as carbon and nutrient cycling were assessed in two platforms to

solved phylogeny of TDF flora.

understand how these processes translate into people's benefits

Because most TDF remnants are secondary forests with an

(Rivera-Sanín et al., 2019).

uncertain ability to recover (González-M. et al., 2018), identifying

Knowledge has been disseminated through the publication of

relevant indicators for measuring the extent to which ecological in-

open-access books, manuals, guides, and non-academic papers

tegrity is jeopardized is a priority. To address this issue, nine bio-

(González-M., 2017; Hernández-Jaramillo et al., 2019; Pizano &

diversity monitoring platforms were established across the country

García, 2014; Pizano et al., 2016, 2017). All the plant records col-

along gradients of landscape transformation and forest succession,

lected in the field are available at the SIB-Colombia (Sistema de

and changes in tree, bird, terrestrial vertebrate, and ant communities

Información de la Biodiversidad; https://sibcolombia.net), a net-

were evaluated. Emphasis was put into acoustic ecology as it has the

work of data on biodiversity, and the Colombian node of the GBIF

potential to be a great, novel asset for assessing forest conservation

network (Global Biodiversity Information Facility). Combined, this

status (Rodríguez-Buriticá et al., 2019; Sueur, Pavoine, Hamerlynck,

open-access approach has promoted an increased visibility and

& Duvail, 2008). In addition, seedling dynamics are being monitored

awareness of the critical status of TDF at local and national scales.

in two of these platforms to provide insights into the recovery po-

Likewise, permanent plots are part of several collaborative networks

tential of successional stands (Norden, Chazdon, Chao, Jiang, &

(e.g., ForestPlot.NET, DryFlor, 2ndFOR), thereby contributing to an

Vílchez-Alvarado, 2009). Because forest cover is essential for peo-

increased understanding of TDF in the Americas (DryFlor, 2016;

ple's wellbeing, there is a need to evaluate the link between eco-

Rozendaal et al., 2019). Overall, we expect the information gener-

system functioning and ecosystem services. Thus, processes such

ated to be at the center of strategies aiming to safeguard ecosystem

6
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Current scenarios
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Pr
eff ve
ecosystem restora on
and preserva on

Accurately assessing
and managing
environmental services

Improving rural
livelihoods and food
security

F I G U R E 3 Current scenarios and future perspectives in Colombian tropical dry forests. The comprehensive management of this
ecosystem will allow to enhance its ecological integrity through the effective preservation of strategic areas, complemented by restoration
projects. This will be accompanied by the improvement in the provision of ecosystem services, in particular those related with water
regulation, which is the most scare resource during the dry season. Ultimately, the optimization of land management will support human
wellbeing and increase food security. Photos by Felipe Villegas
integrity while promoting rural sustainable development through al-

hectares, and targeting the preservation of the cotton-top tamarin,

ternative management practices (Díaz et al., 2011).

Saguinus oedipus, an endemic and endangered species of the region.
Likewise, there is an ambitious plan in the Magdalena Valley to pro-

3.2 | Preservation

tect the best relicts of TDF in Colombia through the combination
of strict land use planning and preservation strategies in an area of
36,000 ha. The map has also been instrumental to define the limits

Given the extent of deforestation in Colombian TDF, targeting ef-

of a mining moratorium, where all the licenses for mining explora-

forts to preserve the most conserved fragments of this ecosystem

tion and exploitation have been suspended while environmental

is crucial. The map of TDF current distribution revealed the extent

authorities identify and declare the strategic areas that need pro-

of cover loss, which prompted the National Government to declare

tection. Thanks to this measure, gold-mining and sand exploitation

several protected areas. This is the case, for instance, of two areas

projects threatening TDF patches in Northern Colombia have been

in the Caribbean, ranging from a few hundred to a few thousand

interrupted.

|
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However, because most remnants occur in private lands and

the effectiveness of restoration actions. Such a challenge may be

are experiencing strong anthropogenic pressures (DryFlor, 2016;

facilitated by creative initiatives, such as Diversity for Restoration

González-M. et al., 2018), these endeavors might be insufficient

(D4R), an online decision-support tool developed to assist species

if complementary conservation strategies are not taken into ac-

selection during restoration efforts (Thomas et al., 2017). Its algo-

count. In this sense, local conservation agreements may be a solu-

rithm evaluates the most appropriate species to sow under differ-

tion to protect the maximum number of forest patches and thereby

ent environmental conditions (e.g., drought, fires, degraded soils)

reach a comprehensive management for these landscapes. Also,

by integrating information on functional traits, genetic quality of

as 35% of the red-listed TDF species are found outside protected

seed sources, and restoration targets. For instance, Astronium gra-

areas, and half of these occur in heavily human-impacted land-

veolens and Bursera simaruba are good candidates for areas experi-

scapes, we need to move from area-based to species-based con-

encing extreme droughts as they show high phenotypic plasticity.

servation measures (Castellanos-Castro, Sofrony, Higuera, Peña y

Instead, Muntigia calabura and Croton hibiscifolius exhibit acquisitive

Valderrama, 2017). To do so, under the umbrella of the National

traits allowing them to rapidly increase forest cover when soils are

Strategy for Plant Conservation (Samper & García, 2001) and in

degraded.

compliance with the Convention on Biological Diversity, 184 TDF

In addition, plot-based information may provide metrics charac-

plant species from the Caribbean and Orinoquia regions were

terizing undisturbed, reference forests in terms of species composi-

prioritized for conservation, and another 10 are being preserved

tion, biomass stocks, and overall forest structure. This information,

ex-situ as a result of an initiative led by the National Network of

in turn, can be translated into relevant ecological indicators sup-

Botanical Gardens (Castellanos-Castro, Córdoba, López-Gallego,

porting restoration strategies. For instance, a large-scale resto-

& Toro, 2017).

ration project aiming to restore ~11,000 ha of TFD in the Magdalena

Another way of linking the knowledge generated on TDF to

Valley is catalyzing forest recovery based on a rigorous experimental

conservation goals is through tree permanent plots, which pro-

framework. Species selection was defined based on the establish-

vide essential insights into forests' future (Beckage et al., 2008). In

ment of 70 permanent and temporal plots strategically located to

National Parks, for instance, the staff's involvement in the estab-

encompass floristic variation across the landscape (Avella-M., 2019).

lishment of plots located in four protected areas opened the door

This large-scale initiative, and a similar one in the Magdalena Valley

to the integration of these methodologies into their monitoring

(Corzo, Portocarrero, & Silva, 2017), are linked to the construction of

procedures with the intent of identifying threats and mitigating

hydroelectric dams, and are the result of government compensations

human impacts. The outcomes of this initiative are already notice-

schemes ensuring that environmental impacts resulting from devel-

able. For instance, available data on tree recruitment and mortality

opment projects are compensated through conservation actions

in a plot located at the Macuira National Park, Northern Colombia,

(MADS, 2012; Figure 1). These examples illustrate how instruments

suggested that grazing by goats is jeopardizing seedling regenera-

to offset large impacts in vulnerable ecosystems can by an opportu-

tion in many of the patches occurring in the area. Also, species lists

nity to put ground information arising from tree permanent plots to

arising from these inventories turned out to be extremely useful

practical use.

for the ex-situ conservation of plant species under threat or with
restricted range. Specifically, thanks to an agreement between the
Humboldt Institute and Royal Botanic Gardens, Kew, living seeds

3.4 | Sustainable use

of over 100 tree species have been collected in the surroundings
of permanent plots, and stored in a living Seed Bank collection

Paradoxically, the gradual disappearance of TDF has boosted the

located at the Humboldt Institute.

creation of innovative programs aiming to change the traditional
view of resource extraction and exploitation toward a more sustain-

3.3 | Restoration

able use of natural resources. So far, 362 plant species have been
identified as having different uses (e.g., food, medicinal, craftwork,
shade in pastures, fodder; López-Camacho, Sarmiento, Barrero,

Permanent plots established along successional gradients and/or

Gallego, & Cavelier, 2019). These initiatives have provided an added

across restoration treatments are a great asset for evaluating for-

value to biodiversity-based economies and go hand-in-hand with

est recovery (Crouzeilles et al., 2017). In particular, increased knowl-

human development and wellbeing.

edge on seedling regeneration may guide restoration strategies

The sustainable use of biodiversity requires a thorough charac-

through the identification of species with functional strategies to

terization of population dynamics. As a first step in this direction,

deal with factors predicted to be more pressing in the future, such

and as part of a UNDP project funded by the Global Environmental

as droughts or increased temperatures (Martínez-Garza, Bongers, &

Facility, the Humboldt Institute has led a citizen science initiative in

Poorter, 2013). Although the Red BST-Col includes dozens of tree and

three contrasting territories of TDF. This was accomplished through

seedling plots established in secondary forests, this information has

gatherings of different institutions, smallholders, and local policy-

yet to nurture the design of restoration projects. Integrating func-

makers, which promoted knowledge exchange and capacity build-

tional, genetic, and population dynamics data should also improve

ing among participants. As a result, inhabitants are monitoring six

8
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species of plants and three species of animals that are potentially

management, and the response of soil biota to land use. Also, we

useful or ecologically important (Figure 2d). By delimiting trails and

need to deepen our understanding on TDF responses to future

tagging trees during these activities, local dwellers have now re-

climatic change scenarios. Although flora and fauna occurring in

ported low population densities for some target species, and iden-

this ecosystem are adapted to drought, species might be at the

tified other potential sources of income related to rural tourism and

limit of their thermic tolerance and it remains uncertain whether

bird watching. The whole process was accompanied by the publica-

increased climate severity will jeopardize their persistence (Allen

tion of nature guides customized for local users (Hernández-Jaramillo

et al., 2017). Another critical issue is the quantitative evaluation

et al., 2019). As part of the same project, UNDP launched the initia-

of the role of forest cover on water regulation and watershed

tive “Products of Peace”, whose goal is to connect small producers

protection. Water is probably the most essential resource for life,

from Montes de María, in the Caribbean region, with entrepreneurs

particularly in the drylands, yet we know relatively little about

that value biodiversity. Overall, these actions promoted knowledge

the mechanisms underlying the relation between forest cover

appropriation among local communities and raised awareness about

and water provision (Portillo-Quintero, Sanchez-Azofeifa, Calvo-

the contribution of TDF biodiversity to people's wellbeing. Their

Alvarado, Quesada, & do Espirito Santo, 2015).

big success partly came from previous cooperation between local

Bridging these knowledge gaps partly relies on the long-term

communities and scientists during the setup and monitoring of bio-

monitoring of ecological platforms. To guarantee continuity in the

diversity platforms (Figure 2d), which allowed extended and genuine

measurements of permanent plots, nodes of the Red BST-Col have

co-working between them. Together, we expect these activities to

been created at each region, where universities, local NGOs, and

generate changes in local practices, thereby promoting sustainability

government entities meet regularly (Pizano et al., 2017). Through

and reducing deforestation at the landscape level.

these gatherings, participants are expected to adjust the priorities

In sum, knowledge management, preservation, restoration, and sus-

for each region, develop a plan for the long-term maintenance of bio-

tainable use will result in the comprehensive management of TDF

diversity monitoring platforms, and explore new avenues of funding.

only if these guiding lines provide insights to accurately assess and

For this to work properly, local communities should continue to be

manage nature's contributions to people, and thereby translate into

empowered, and take the lead in participative processes that allow

an improvement of rural livelihood and food security (Figure 3). In

them to incorporate nature's contributions to people into their cul-

the aftermath, an ultimate goal is to have an impact on risk man-

tural values (Pascual et al., 2017). In this sense, ecological questions

agement. Specifically, the development of mitigation measures and

should address vital aspects relating to socio-ecological resilience

adaptation to climate change are critically important issues in the

and adaptive capacity to global change. Specifically, understanding

drylands (Blackie et al., 2014).

the economic consequences of TDF degradation for rural populations, and the co-design of alternative management practices that
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include cost–benefit analyses is a top priority. Also, we need to seek
for new alternatives of biodiversity use, and engage into constructive discussions about actual or potential conflicts between biodi-

Colombia is currently in a postwar phase, after five decades of in-

versity use and conservation goals. Evaluating the socio-economic

ternal conflict, which was expected to bring positive social change,

implications of value chains based on biodiversity products will

especially in rural areas previously dominated by the FARC guerril-

strengthen environmental appropriation and preserve traditional

las (Sierra et al., 2017). The power vacuum left by this armed group,

knowledge. These questions, however, should mostly arise from

however, has opened the door to the expansion of illegal activities,

local communities and stakeholders, in alliance with regional envi-

aggravating deforestation rates in many regions (Negret et al., 2019).

ronmental entities.

TDF are not immune to this issue. Many challenges are ahead for an

Overall, we expect these transformative actions to improve human

ecosystem that overlaps with areas of major rural and urban devel-

wellbeing and result in greater impact in decision making at different

opment in the country, with an estimated 25 million people living

levels. The long-term engagement of scientists, social, and institu-

where TDF were once distributed (Pizano & García, 2014).

tional actors in the territory should help with this enduring challenge.

Although Colombia is now one of the Latin-American coun-

We hope that the Program for the Comprehensive Management of

tries with more ecological information on TDF, promoted by a

TDF in Colombia will be the role model for the management of other

robust collaborative network, we still need to strengthen our

strategic ecosystems that need attention in the tropics.

knowledge on several issues. In particular, restoration practices
must find new approaches to measure success that go beyond
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vegetation recovery and that rely on a holistic understanding
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to prioritize landscape-level questions that include multiple
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