

[image: Cover: Socio-ecological dynamics of Andean treelines in the 21st century]





  
    Table of Contents

  
    	Cover

    	Socio-ecological dynamics of Andean treelines in the 21st century 
    
      	1 Introduction

      	2 Mountain geography

      	3 The role of the environment

      	4 Human landscapes

      	5 Discussion

      	Author contributions

      	Funding

      	Conflict of interest

      	References

    


  

Landmarks

  
    	Cover

    	Table of Contents

    	Start of Content


  



Print Page List

  
    	 Page 01. 

    	 Page 03. 

    	 Page 02. 

    	 Page 04. 

    	 Page 05. 

    	 Page 06. 

    	 Page 07. 

    	 Page 08. 

  





MINI REVIEW

published: 18 July 2025

doi: 10.3389/fevo.2025.1613871

[image: Frontiers: Stamp Date]


Socio-ecological dynamics of Andean treelines in the 21st century


Gwendolyn Peyre 1*, Enrique Zuñiga 1, Andrea Cornejo Paredes 2, Aremi Paja Medina 2, Jose Alfredo Sulla Torres 2, Manuel Zúñiga Carnero 2 and Karina Rosas Paredes 2


1 Department of Civil and Environmental Engineering, University of the Andes, Bogota, Colombia, 2 School of System Engineering, Catholic University Santa Maria, Arequipa, Peru




Edited by:
 
Rubén G. Mateo, Autonomous University of Madrid, Spain

Reviewed by: 

Bolier Torres, Universidad Estatal Amazónica, Ecuador

*Correspondence: 

Gwendolyn Peyre 
gwenpeyre8@gmail.com gf.peyre@uniandes.edu.co


Received: 17 April 2025

Accepted: 30 June 2025

Published: 18 July 2025

Citation:
Peyre G, Zuñiga E, Cornejo Paredes A, Paja Medina A, Sulla Torres JA, Zúñiga Carnero M and Rosas Paredes K (2025) Socio-ecological dynamics of Andean treelines in the 21st century. Front. Ecol. Evol. 13:1613871. doi: 10.3389/fevo.2025.1613871



Andean treelines are sensitive ecotones that are being increasingly threatened by both the climatic and anthropogenic facets of global change. Although they have received substantial scientific focus over the last decades, we still miss a comprehensive socio-ecological overview at the continental scale. This mini review aims to compile existing research on Andean treelines and offer a synthetic outlook on their geography, as well as their environmental and human drivers. We conducted an extensive search of scientific literature focused principally on ISI Web of Knowledge sources and spanning over the last two decades. It is established that Andean treelines vary in elevation according to their position in the cordillera, mostly due to mountain mass effects and latitudinal gradients, and the local topography. Temperature and moisture availability are significant drivers shaping Andean treelines, but seasonality and extreme events gain in importance with increasing latitude and climate change. Moreover, human influence has transformed treeline areas for millenia, by affecting their position, composition and ecological functions. Agriculture, livestock grazing and fires are primarily responsible for stalling many Andean treelines in their upslope migration today. This mini-review sheds light on the current state of Andean treelines today and suggests future pathways with anticipated opportunities for conservation and sustainable restoration. For instance, we stress the need for future research in species and community modelling to predict composition and distribution changes in forest and non-forest vegetation under global change scenarios.
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1 Introduction

The 7,500 km Andes form the longest continuous mountain chain in the world and constitute an El Dorado of natural and cultural resources. Despite showing striking North South differences, in terms of orogeny, climates and land-use among others, the Andes offer a unique perspective to study broad latitudinal mountain gradients. In this review, we investigate the socio-ecological aspects of Andean treelines, which represent the uppermost frontier for tree dominance in the landscape, separating forests from non-forests. Because of their ecological features, treelines make an excellent indicator for climate, such as minimum temperatures and snow cover, but also for biodiversity thresholds, for instance functional diversity and ecosystem complexity (Körner, 2021a). Treelines are one of the most at-risk ecotones, because the ecological integrity of their neighbouring ecosystems might not allow for successful species shifts and community recompositions at the pace of climate change. Either forests will take over non-forests, reducing them, or they will suffer biodiversity losses in the failed attempt to migrate swiftly. Under global change, the structural and functional ecology of treelines will be challenged, which in turn will likely affect human livelihoods.

Mountain treelines refer to the natural shift between montane forests and alpine ecosystems, characterized by lower vegetation such as grasslands or shrublands (Körner, 2021a). Nowadays, most treelines are in fact timberlines, which display similar ecotonal characteristics to natural treelines but typically result from complex land-use history (Paulsen and Körner, 2014; Testolin R et al., 2020). In this review and for simplicity reasons, we will refer to both natural treelines and timberlines under the common name treeline. Treelines can be categorized according to their tree dominance, for example single-dominant tree species versus multi-species, gymnosperm versus angiosperm. They can also be classified by their overall shape between forest and the adjacent ecosystem: i) abrupt, or a sharp ecotone, ii) diffuse, or a gradual transition, and iii) krummholz, or a scattering landscape combining young and old small trees (Bader et al., 2021). In the present study, we will characterize Andean treelines, assess the role of natural and human factors in shaping them today and finally discuss their evolution under global change.




2 Mountain geography

Andean treelines vary immensely in elevation along the latitudinal gradient. According to previous studies, they typically increase from 500 to 1500 m in the Patagonian Andes (Lat. 55–40°S), then gradually progress from 2000 to 3000 m in the Mediterranean Andes (Lat. 40–20°S), peak around 3500–4000 m in the Central Andes (Lat. 20-5°S) and decrease to 3000–3500 m in the Northern Andes (Lat. 5°S–10°N) (Lara et al., 2005; Luebert and Pliscoff, 2018; Peyre et al., 2021; Peyre et al., 2022; Kienle et al., 2023) (Figure 1).
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Figure 1 | Andean geography and treeline elevation, influenced by two latitudinal (blue) and longitudinal (orange) mountain mass effects, as well as the temperate-tropical gradient (pink). Increasing treeline elevation is represented by a progressively larger and darker arrow.

This latitudinal hump pattern is mostly due to the mountain mass effect, a phenomenon that describes the upward shift of thermoclines, and therefore vegetation belts, toward the centre of a mountain cordillera (Körner, 2021a; Kienle et al., 2023). This effect usually increases with the spatial extent of a cordillera, which explains why it is maximized in the Andes. It is caused by increased continentality around the cordillera’s mid-point, leading to reduced cloudiness, air mass advection and overall higher temperatures, which combined, create thermal advantages for tree species (He et al., 2016; Irl et al., 2016; Kienle et al., 2023). In fact, the Andean Altiplano, forming a large high-elevation plateau circa 3500–4000 m from northern Chile to southern Peru, acts as a baseline for towering mountain peaks that present some of the highest treelines in the world. Indeed, the Polylepis forests found at 4800 m on the Sajama volcano in Bolivia are only surpassed by Juniperus treelines in Tibet (4900 m) (Kessler et al., 2014). The observed asymmetry between the Northern and Mediterranean Andes can be attributed to the Tropical-Temperate general gradient, pushing vegetation belts up in the tropics while depressing them towards higher latitudes. At the scale of the Tropical Andes and looking at nearly natural treelines only, Zelazowski et al. (2023). evidenced a clear latitudinal gradient in treeline elevation on the Amazonian side of the cordillera, with a 30–60 m increase per geographic degree towards the equator.

Another consistent mountain mass effect occurs along the longitudinal gradient, with increased continentality with distance from the coastline (Irl et al., 2016; He et al., 2023; Kienle et al., 2023). As a result, coastal mountains are usually smaller and showcase lower treelines than their inland counterparts at similar latitudes. For example, Peyre et al. (2021) observed a mean treeline at 3620 m in the western mountain chain and an equivalent 3710 m in the central chain of Colombia. When the cordillera is not subdivided longitudinally, but instead forms a high elevation plateau, such as the Altiplano, its peaks tower over said plateau, which in turn leads to rising isotherms and higher treelines (He et al., 2016).

At the local scale, geomorphology plays a significant role in driving treeline position and shape. Steep slopes, rugged terrain and unstable land-forms prone to mass movements can create topographic barriers for trees. Therefore, tree populations will only successfully establish and remain long-term confined in sheltered sites. Several authors have pointed out that Andean forests forming treelines are more likely found in valleys, protected from the natural geomorphologic disturbances on slopes, especially in the tropics (Bader and Ruijten, 2008; Toivonen et al., 2017; Urquiaga-Flores et al., 2024).




3 The role of the environment

The combined effect of the macro- and microclimates significantly conditions the survival, growth and reproduction capacities of tree species at the treeline (Hansson et al., 2021; Körner, 2021b). First and foremost, mountain ecologists acknowledge that natural treeline elevation is congruent with the 6°C isotherm and 94 growth days on average worldwide (Körner and Paulsen, 2004; Körner, 2021a). This primary physiological limitation is based on the interplay between low temperatures and carbon-use, specifically trade-offs between photosynthetic carbon, carbon available for tree growth, and carbon loss through respiration. Two prevailing hypotheses, the Growth Limitation Hypothesis and the Carbon Limitation Hypothesis, have received important scientific support today, although the former seemingly applies best to treelines (Schenker et al., 2014).

Despite many Andean treeline studies concurring with the global temperature average, there are several notable exceptions. On the one hand, Polylepis forests, remnants of dominant montane forests in the Tropical Andes of the Holocene, are usually found forming fragmented forests at high elevation today. It is not uncommon to see Polylepis treelines experience superficial temperatures lower than the global threshold, for instance i) Bendix and Rafiqpoor (2021) found forests with mean soil temperatures of the growing season of 4.5–6.0°C at 4000–4100 m in Ecuador, ii) Hoch and Körner (2005) reported others circa 4.7–5.4°C at 4810 m in Bolivia, and iii) Kessler et al. (2014) encountered treelines at 4.6–5°C at 4330–4450 m in southern Peru. Moreover, these temperatures come dangerously close to the critical thermal threshold of 5°C where biological processes and therefore tree growth become critically hindered (Körner and Paulsen, 2004; Holtmeier and Broll, 2019). On the other hand, many subtropical treelines of the Mediterranean Andes experience significantly higher temperatures than the global threshold, for example, Piper et al. (2016) reported an 8.7°C mean temperature for the growing season at several Nothofagus pumilio treelines in central Chile. Interestingly, treelines of the same species under temperate conditions in the Patagonian Andes typically experience temperatures around 6.8°C, hence closer to the global average (Fajardo and Piper, 2014). Both air and soil temperatures are decisive factors for tree growth at the treeline, because there can be striking differences at the ground and canopy levels. In fact, while their average values are chiefly comparable, around 6–7°C worldwide (Körner and Paulsen, 2004), the canopy level undergoes much higher variation and extremes than the ground level at both the daily and annual scales. These important variations, sometimes up to 20°C on the same day, can create stressful thermal conditions for the sensitive tree photosynthetic tissues (Körner and Paulsen, 2004; Richardson and Friedland, 2009).

In the humid Tropical Andes, treelines are usually comprised within the cloudy lower condensation belt, and therefore water availability is not a limiting factor (Halladay et al., 2012; Helmer et al., 2019). The protective cloud cover does not only prevent desiccation but also filters solar radiation, allowing plants to remain productive and grow tall. By contrast in the dry Tropical Andes and Mediterranean Andes, Andean forests must form close canopies, to prevent wind and solar damage and create a relatively stable microclimate for their understorey species (Körner and Paulsen, 2004; Richardson and Friedland, 2009). Many areas constrained by high evaporation and low precipitation rates, often associated with continentality, exhibit semi-arid to arid tendencies (Santini et al., 2024). The resulting treeline is often discontinuous or absent, presenting as scattered dry forests, open xeric shrublands or sparse grasslands with cacti such as Austrocedrus (Barichivich et al., 2009). In the latter case, elevation shifts in cacti distribution and composition can indicate a smoother transition from the montane to alpine belts in lieu of a treeline (obs. pers.). Despite the precipitation pattern inverting and generally increasing in the Patagonian Andes, several studies mention moisture availability and drought events as factors significantly correlated with tree growth and seedling establishment at Nothofagus treelines (Daniels and Veblen, 2004; Srur et al., 2018).

Climatic seasonality and extremes can play a key role in shaping treeline structure, although it affects tropical, subtropical and temperate treelines differently (Rehm and Feeley, 2015; He et al., 2023). Tropical treelines typically lack snow and exhibit little yearly variability in temperature and precipitation; however, strong diurnal climatic oscillations prevail. As previously established for the humid Tropical Andes, the protective cloud cover encompassing the treeline usually buffers these fluctuations and allows trees to maintain their productivity (Rehm and Feeley, 2015). However in the tropical dry Andes, these climatic oscillations can significantly impede tree survival and growth, leading to drastic anatomical and physiological plant adaptations (Young and Leon, 2007). For instance, studies show that night frost events can severely damage plant tissue and reduce tree recruitment at Andean treelines (Bader et al., 2021). Subtropical and especially temperate Andean treelines experience pronounced seasonal fluctuations in temperature and moisture availability at the yearly level. It becomes critical in the Mediterranean Andes, if a treeline receives less than 450 mm of rain during the cold season (He et al., 2023). Under long-seasonal temperature and/or water stresses can induce a state of dormancy in treeline trees and their seeds (Körner, 2021a). In case snow is present, it can create a superficial local buffer for microclimatic variations, protecting both the seedbank and seedlings until changing seasons. Combining these environmental factors helps explain the differential slope effect, where treeline position is conditioned by exposition-related characteristics. In the Andean context, treelines are typically higher on the shade slope at tropical latitudes, and on the sun slope at temperate latitudes (Hansson et al., 2021). In contrast, treelines exposed to more sun exposure at tropical latitudes, and more freeze and snow stresses at temperate latitudes, tend to display lower elevations.




4 Human landscapes

Millenia of human occupation and activities have significantly contributed to shape Andean treelines today by affecting their plant composition, structure and elevation (Sarmiento and Frolich, 2002; Young and Leon, 2007; Young et al., 2017).

Going back to the Mid Holocene, dry cold conditions could have helped alpine grasslands expand downslope to the detriment of forests, in part thanks to the spread of natural fires (Valencia et al., 2010; Bush et al., 2015). Human influence in the Andes was reported as far as 6000 yr BP in the Central Andes, where it would have increased the fire pressure and lowered alpine puna grasslands even further (Urrego et al., 2011). The following wetter and warmer climatic conditions of the Late Holocene should have favoured forests over grasslands, leading to a progressive upheaval of the treeline. However, from 4000–3000 yr BP, as human population increased and progressively sedentarized in parts of the Tropical Andes, it likely kept treeline from migrating upslope through grazing and fires (Young and Leon, 2007; Di Pasquale et al., 2008; Valencia et al., 2010).

As civilizations developed, more substantial and permanent human settlements established in the Tropical and Subtropical high Andes (Aldenderfer, 2008; Osorio et al., 2017). For example, the Aymaras and Incas were predominantly inhabiting alpine areas, such as the Titicaca lake surroundings, using punas for agricultural purposes with high-elevation crops, such as quinoa and potatoes, and small-scale livestock herding, including llama and alpaca. The long occupation and extensive use of these areas led to a gradual destruction of the local treeline, and a progressive aridification of high-elevation ecosystems in the dry Central and Mediterranean Andes. Meanwhile in the humid Tropical Andes, human settlements moved to the montane belt to escape tropical diseases and take advantage of the mild climatic conditions and fertile soils (Sarmiento and Frolich, 2002). The treeline and páramo were mostly used for agriculture and farming, with human occupation concentrating below, like the Muisca established on the Cundiboyacense plateau in Eastern Colombia. Finally, the Patagonian Andes were more scarcely occupied and local populations such as the Mapuche, favoured valleys and plain areas for permanent settlements, carrying out seasonal activities upslope.

The Andean colonization by Europeans led to the forced abandonment of many high-elevation settlements and activities, which in turn meant a progressive and secondary forest growth and a consequent upheaval of the treeline (Urrego et al., 2011; Bush et al., 2015). This trend then reversed and accelerated during the last century, as the human population increased and consequently its food and water needs. Andean landscapes have undergone unparalleled transformations since the 1950s, leading to severe biodiversity loss and degradation of ecosystem services in certain areas (Young and Leon, 2007; Rehm and Feeley, 2015). Treelines subject to historic land-use have been probably depressed hundreds of meters from their natural position today (Sarmiento and Frolich, 2002; Young et al., 2017). Many authors sustain that the historic treeline of the Tropical Andes was dominated by Polylepis forests, which were progressively cleared and fragmented (Urrego et al., 2011; Kessler et al., 2014). Today, these forests are rarely extended and instead occupy steep valleys and rocky outcrops that are difficulty attainable by fire and livestock (Toivonen et al., 2017). These findings suggest that land-use not only affected the treeline position, but also its structural shape and species composition (Young et al., 2017). It is likely that naturally diffuse treelines became either i) abrupt; ii) reforested krummholz; or ii) newly diffuse and dominated by disturbance-prone tree species such as Weinmannia and Myrsine (Bush et al., 2015; Oliveras et al., 2018).

Agriculture is vastly expanding and intensifying in many areas today, with grave environmental consequences on ecosystem destruction and pollution, but also biotic invasions (IPBES, 2019; Peyre, 2021). For example, the flower, fruit and potatoe extensive crops on the Cundiboyacense plateau subject the montane-alpine transition of their surrounding mountains to severe insect outbreaks and plant invasions, such as Ulex europaeus L. originally planted for crop fencing (Hernández et al., 2014; Peyre, 2021). The grazing of livestock is, besides agriculture, the most prevalent activity around Andean treelines and so regardless of climatic and soil conditions (Cierjacks et al., 2008; Rehm and Feeley, 2015). When livestock grazes and tramples in Andean forests, it can severely i) affect their understorey composition by selecting grazed species and bringing in exotics; as well as ii) limit tree recruitment by removing seedlings (Cierjacks et al., 2008; Urquiaga-Flores et al., 2024). A common practice to improve grazing in alpine grasslands just above the treeline consists of periodic burning to force the resprouting of palatable herbaceous leaves, remove woody vegetation and accelerate biomass cycles (Román-Cuesta et al., 2011; Bush et al., 2015). Despite few treelines being cleared for timber today, they often undergo drastic deforestation to expand livestock pastures and crops.

Treeline deforestation usually involves fire, especially if manual clearing is difficulted by the ambient moisture and high amounts of understorey vegetation (Young and Leon, 2007; Bush et al., 2015). When burning starts in neighbouring grasslands, it can affect the treeline margin by removing the protective edge and leaving the forest core open (Oliveras et al., 2018). Fire initiated inside the forest can produce severe torching anoxic episodes that affect the entire understorey (Román-Cuesta et al., 2011). The poor resilience capacity of montane Andean forests suggests long reforestation pathways for secondary succession after burning (Di Pasquale et al., 2008; Rehm and Feeley, 2015; Bader et al., 2021). Finally, a recently observed and potentially harmful trend is the use of herbicides, meant for agriculture, to purposedly depress the treeline in remote access areas (obs. pers.). This practice has been seen on multiple occasions outside protected areas in the Colombian Andes, and suggests negative consequences on both the forest biodiversity and the wellbeing of the dependent human population. However, further study is required to assess the extent and impact of this particular practice throughout the Andes.




5 Discussion

Climate change is causing rapid changes in the distribution, composition and functions of ecosystems worldwide, and its impacts are being amplified by the galloping human demographics and land-system changes (Nogués-Bravo et al., 2008; IPBES, 2019). The diverse Andean landscapes are at the forefront of environmental challenges and threatened with potentially critical socio-ecological impacts in the near future (Table 1).


Table 1 | Expected Global Change trends and impacts on the elevation (increase +, decrease -, stable ~), and ecological structure and functions (positive +, negative -, stable ~) of Andean treelines in the 21st century.
	
Global change dimensions

	
Driver

	
Target area

	
Expected trend

	
Impacts



	Elevation
	Structure / Biodiversity
	Functions



	Climate change
	Temperature
	Andes
	Increase
	+
	–
	–


	Precipitation / Moisture availability
	Tropical Andes
	Variable
	~
	+/-
	+/-


	Subtropical and Temperate Andes
	Decrease
	~
	–
	–


	Seasonality / Extreme events
	Tropical Andes
	Variable
	~
	+/-
	+/-


	Subtropical and Temperate Andes
	Increase
	~
	–
	–


	Anthropogenic change
	Agriculture / Livestock
	Andes
	Increase
	–
	–
	–


	Timber
	Andes
	Variable
	–
	~
	–


	Tourism
	Andes
	Increase
	~
	–
	~


	Urban and road infrastructures
	Andes
	Variable
	–
	~
	~


	Protected Areas
	Andes
	Increase
	~
	~
	~







Observed trends - Global studies report a majority of treelines advancing during the 20th century, 50% according to Harsch et al (Harsch et al., 2009), and 66% according to Hansson et al (Hansson et al., 2021), although the Andes were underrepresented in both datasets. Recently, He et al (He et al., 2023). found that 70% of their studied treelines advanced at a mean rate of 1.2 m/yr between 2000–2010 alone worldwide and 3.1 m/yr in the tropics. This last finding merits further study as it contradicts the global theory that multi-species treelines (usually found in the tropics) respond slower and in a more heterogeneous manner to environmental change than single-species treelines (Harsch et al., 2009; Hansson et al., 2023). Today, evidence of Andean treeline responses to global change remains scarce, as well as geographically and methodologically heterogeneous. Examples of regional studies include i) Chacón-Moreno et al (Chacón-Moreno et al., 2021), who observed a mean 1.3 m/yr upslope migration in Venezuela since the 50s; and ii) Feeley et al (Feeley et al., 2021), who reported a 2.5–3.5 m/yr progress over 40 years in southern Peru.

Future challenges and opportunities - Andean temperatures are predicted to increase up to 5 °C during the 21st century, with the fastest warming occurring in the Central Andes (Pabón-Caicedo et al., 2020). As a result, most montane forests will undergo important thermal stress and will have to move upslope hundreds of meters to track isotherms, but very heterogeneous responses are expected (Nogués-Bravo et al., 2008; Fadrique et al., 2018; Feeley et al., 2020). Prediction for precipitation patterns in the Tropical Andes are highly variable and therefore difficult to summarize (Pabón-Caicedo et al., 2020), nevertheless, studies show cloud cover should decrease overall, which in turn will reduce their protective buffer of treeline trees and seedlings (Halladay et al., 2012; Helmer et al., 2019). For treelines strongly conditioned by moisture availability, such as many Nothofagus forests, the reduced overall precipitation and prolonged drought events will undoubtedly affect tree survival, growth and migration (Daniels and Veblen, 2004; Srur et al., 2018; Santini et al., 2024). Finally, another concern associated with increased drought events is that they are already affecting mainly humid areas, for instance in the eastern Tropical Andes along the Amazonian biome (Lewis et al., 2011). The ecological impact of these droughts on the poorly-adapted treeline biota in these areas calls for urgent study to prevent dramatic biodiversity losses.

Interestingly, Lutz et al (Lutz et al., 2013). measured the speed of treeline migration in southern Peru and compared it with core forest migration rates and the optimal speed to track climate change. Their findings showed that treelines were advancing at 0.5–2.3% of the optimal speed and 12.5–110 times slower than the core forest. This significant stalling in treeline migration refers to the grass ceiling effect and underpins the crucial importance of local biological and micro-environmental factors (Rehm and Feeley, 2015). This effect is caused by intrinsic tree species survival, growth and reproductive capacities, but mostly by the availability of suitable undisturbed sites for germination and establishment. For example, studies show that diffuse treelines might migrate faster than abrupt ones because the gradually smaller vegetation provides protective shade and moisture for seedlings (Harsch et al., 2009; Bader et al., 2021). In contrast, seedlings in abrupt transitions often present high mortality rates that can be attributed to photodamage and harsh microclimates, including wind exposure and damaging frost events (Richardson and Friedland, 2009; McIntire et al., 2016), It is also worth noting the role of biotic interactions in future treeline dynamics. For instance, dominant grasses can nurse tree seedlings by providing shade but simultaneously compete for space and available moisture (Rehm and Feeley, 2015; Bader et al., 2021). Moreover, the striking turnover in insect and bird communities at the treeline may not facilitate plant dispersal into grasslands, especially when strictly dependent plant-animal interactions are at play (Arroyo et al., 2006; Altamirano et al., 2020).

Finally, several authors emphasize the primary role of conservation strategies such as protected areas in a global change context (Lutz et al., 2013; Urquiaga-Flores et al., 2024). Despite many treelines remain (relatively) pristine in remote-access areas, most unprotected treelines today are either experiencing higher human pressure or land abandonment that can lead to secondary successions into non-analog forests (Young and Leon, 2007; Tovar et al., 2022). Under certain circumstances, ecological restoration could help counteract past human impacts on affected treelines and ease the recovery of their structure and function under a changing climate. This aspect would be particularly relevant for climate regulation, and carbon storage in particular, during the grassland to forest, soil to biomass, transition in tropical humid areas (Gibbon et al., 2010). In protected areas can use active and passive methods to effectively manage treelines and allowing them to migrate naturally under climate change, even though it might still engender carbon unbalance and habitat simplification (Michel et al., 2023). Towards that goal, predictive tools such as species and community models can play a crucial role in anticipating future distribution and composition changes, and provide useful evidence for protected area representation and future planning (Fajardo et al., 2023). To conclude, we call for more in-depth assessments of treeline dynamics and future projections at the cordillera level, and stress the need for both transformative change and sustainable conservation in Andean treeline areas.
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