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ABSTRACT 

Tropical forests harbor high biodiversity but are facing intense fragmentation and 
isolation due to deforestation. The conservation of these forests requires reducing 
deforestation, restoring degraded areas, and expanding protected areas. Restoration 
areas are typically environments with different degradation histories, low nutrient 
availability, and high environmental variability. In this context, the use of functional 
groups has been employed to assess the successional trajectory of secondary forests. 
This study conducted a review based on empirical and theoretical literature available 
in the Scopus® and Web of Science® indexing databases over the past 10 years 
(2012-2022) within the theme of "functional attributes in ecological restoration." In total, 
1,941 publications were found. We evaluated and discussed the literature found 
through a theoretical approach to the content of the articles. Our research showed that 
functional characteristics in restoration areas are associated with multiple ecosystem 
service functions, including supporting, provisioning, regulating, supporting, and 
cultural services. We identified studies emphasizing the importance of considering 
functional attributes (response attributes and effect attributes) when selecting species 
for use in restoration projects. However, the functional approach in restoration projects, 
although growing in recent years, is still in its early stages. Given the challenges posed 
by the restoration decade, understanding the relationships between functional 
attributes and ecological restoration in tropical forests is necessary to fill existing gaps. 
We also emphasize the importance of disseminating and making local information on 
functional attributes available in data repositories to improve access to this information. 
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1. INTRODUCTION 

Ecological restoration is defined as "the process of assisting the recovery and 

establishment of an ecosystem that has been degraded, disturbed, or destroyed" 

(SER, 2004). The key ecosystem attributes for ecological restoration are related to 

species composition, structural diversity, ecosystem functionality, absence of threats, 

physical conditions, and external exchanges (McDonald et al., 2016). In this sense, 

aiming at organizing restoration projects, principles for the practice of ecological 

restoration (Standards) were established. These standards provide guidelines for 

carrying out ecosystem restoration activities (Gann et al., 2019; Moraes et al., 2019). 

On a global scale, tropical forests harbor high biodiversity distributed in generally 

fragmented and isolated areas (Brancalion et al., 2019, Brinck et al., 2017). Isolation 

and forest loss caused by deforestation in the tropics reduced the area by 12.2 million 

hectares of tree cover in 2020, with the loss of 4.2 ha of tropical primary humid forests 

(GFW, 2022a; 2022b). Therefore, actions to conserve the remaining tropical forests 

are necessary to avoid mass extinction events in the coming decades (Chazdon & 

Brancalion, 2019). Conservation of tropical forest areas involves restricting the 

destruction of forest remnants, restoring degraded areas, and expanding protected 

areas. 

In this sense, the Convention on Biological Diversity (CBD) held in Rio de Janeiro in 

June 1992 established guidelines for the conservation of biological diversity, 

sustainable use of biodiversity, and fair and equitable sharing of the benefits of genetic 

resources (MMA, 2000). Among the guidelines established were the 20 Aichi 

Biodiversity Targets, including the creation and maintenance of protected areas 

covering at least 17% of the continental area, including territorial waters, marine and 

coastal areas (CDB, 2023). One of the proposed strategies is to assess the current 

level of degradation of ecoregions (Olson & Dinerstein, 2002) and seek to balance the 

results through a cost-benefit relationship of restoration projects in areas with few 
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protected areas. The current scenario demonstrates that ecoregions with the greatest 

deficiencies are tropical and temperate forests, regions that have highly anthropized 

lands (Mappin et al., 2019). Given this scenario, we must propose initiatives to mitigate 

land misuse and anthropogenic impacts through the use of ecological restoration 

projects to reverse an agricultural or pasture landscape matrix (Arroyo-Rodríguez et 

al., 2013). 

From a global perspective on the restoration theme, we can list international initiatives 

to recover forests and landscapes. One of these initiatives is the global commitment of 

the Bonn Challenge (Dave et al., 2019), which set targets to restore 150 million 

hectares of degraded and deforested landscapes by 2020 and 350 million hectares 

restored by 2030, as proposed in the New York Declaration (Suding et al., 2015). 

Aligned with these efforts, the UN established the Decade on Ecosystem Restoration 

in the world (2021-2030) through the United Nations Environment Programme and the 

Food and Agriculture Organization of the United Nations (FAO) (UNEP, 2019). In 2016, 

Brazil committed to restoring 13 million hectares by 2030, with 1 million committed 

through a partnership with the Atlantic Forest Restoration Pact (Bonn Challenge et al., 

2020). Currently, ecological restoration faces some problems in the development of 

forest composition, such as dispersal limitation (Holl, 1999), recruitment (Palma et al., 

2020), low taxonomic and functional beta diversity (Rother et al., 2019). New 

challenges have emerged when the focus was directed towards aspects of species 

characteristics, one of which is related to the fact that tree planting, although of different 

species, but with the same functional characteristics, can interfere with the 

successional trajectory and consequently homogenize the landscape (Manhães et al., 

2022; Brancalion & Holl 2016; Palma & Laurance 2015). 

Approaches based on functional attributes are alternatives to connect the functioning 

aspects of organisms individually with the structure and dynamics of the community 

(Zakharova; Meyer; Seifan, 2019). These can be described by physiological, 

morphological, or life history characteristics (Violle et al., 2007). The functional 

composition of species can affect some community parameters such as 

decomposition, soil fertility, biomass increment, wood density, establishment, and 
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seedling survival in restoration projects (Rosenfield, 2017; Dias, 2014; Martínez-

Garza; Bongers; Poorter, 2013). 

The use of species' functional attributes in restoration projects is fundamental to 

provide crucial information on factors that promote or limit the effectiveness of forest 

ecosystem restoration. This analysis allows for a more accurate identification of the 

elements responsible for success in the restoration process. Considering all the 

aspects presented here regarding the major challenges of the restoration decade, we 

can affirm that it is necessary to understand the responses of species in different 

conditions of degraded areas. 

2. MATERIALS AND METHODS 

This review was conducted through a bibliographic search of articles published in 

scientific journals indexed in the Scopus® and Web of Science® databases. 

The first step was the selection of the theme "Functional attributes in restoration areas 

in tropical forests" and the delimitation of a 10-year timeframe (2012-2022). The 

second step was the search for articles in the bibliographic databases using the terms 

(restor* OR reflorest* OR recover OR regenerate OR revegetation OR recovery OR 

repair OR reconstruction) and ("function* trait*" OR "application *trait*" OR 

"strategy*trait" and "attribute") and ("Tropic*" AND "Forest*") and ("Tree*"). The third 

step was the exclusion of duplicate articles in the database using the Rayyan 

application (Ouzzani et al., 2016), and the fourth step was the selection of articles that 

met the criteria of Restoration, Functional Attributes, Tropical Forests as central topics 

in the article. 

3. RESULTS AND DISCUSSION 

The survey conducted in this research obtained a total of 1941 publications for the 

period 2012-2022 that met the criteria established in the search. We identified in the 

literature that the approach to the topic in the articles was small (<20 publications/year) 

in the 1990s. However, after the establishment of the concepts of functional traits 
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(Violle et al., 2007), there was an advancement in the restoration theme, reflected in 

the increase (>100 publications/year) in the number of research articles addressing the 

use of functional attributes in restoration in recent decades, as evidenced in recent 

review articles (Loureiro et al., 2023; Carlucci et al., 2020; Caruso; Mason; Medeiros, 

2020). 

The use of functional attributes in restoration allows for the organization of species or 

individuals into groups with similar functions or responses. We can classify attributes 

according to their characteristics, which can be termed response attributes and effect 

attributes (Lavorel & Garnier 2002). Response attributes determine how a species 

responds to disturbance or changes in abiotic or biotic processes in its environment 

(Lavorel et al., 1997; Lavorel & Garnier, 2002), while effect attributes are 

characteristics that determine the effect of plants on ecosystem properties (e.g., soil 

cover, biomass increase, natural regeneration, biogeochemical cycling). 

In the scenario of tropical forest degradation, restoring and studying the relationships 

between species characteristics and the environment should be highlighted on the 

global ecology stage. Among the first initiatives, we can highlight the study by Wright 

et al. (2004), which describes the main chemical, structural, and physiological 

properties for leaf characteristics ("leaf economic spectrum" - LES). The main 

characteristics described were: Leaf Mass per Area (LMA), photosynthetic assimilation 

rate, Leaf Nitrogen Content (LNC), Leaf Phosphorus Content (LPC), or leaf lifespan. 

In high-light environments, such as planting environments in general, we must initially 

consider leaf attributes (Schulze et al., 1998, Fonseca et al., 2000; Wright; Reich; 

Westoby, 2001; Wright et al., 2004). Leaves are influenced by environmental factors, 

showing changes in leaf construction strategies and resource allocation that can vary 

according to the intensity of investment (Volis; Ormanbekova; Yermekbayev, 2015; 

Wright et al. 2004). 

Another important aspect is related to the characteristics of the stem economic 

spectrum. Through the characteristic of wood density in the stem, we can verify the 

plant's structural strength. Thus, species with higher values of wood specific density 

(Wood density - WD) present better mechanical stability, greater height, better 
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resistance to pathogens (Chave et al., 2009; Poorter et al., 2008). Conversely, lower 

wood density values of species make trees grow more in volume, have greater water 

conductivity and storage, and have thin bark (Chave et al., 2009; Baraloto et al., 2010). 

New concepts were added to functional characteristics by Reich (2014), who began to 

include stem characteristics such as hydraulic conductivity, wood density, root 

characteristics (root length, longevity, and mycorrhizas) as attributes that assist in 

species performance and fitness. Reproduction characteristics were also included in a 

two-dimensional spectrum with plant size and leaf economy (Díaz et al., 2016). 

The approach of functional attributes and ecosystem services began to gain emphasis 

after the works of Diaz et al. (2007) and De Bello et al. (2010). Some studies 

demonstrate that a species' functional profile is linked to resource characteristics: 

resource acquisition, resource limitation, reproductive investment, and resource 

allocation patterns (Ostertag et al., 2015). It is currently seen as a major challenge to 

determine which species characteristics determine which ecosystem services 

(Kollmann et al., 2016; Carlucci et al., 2020, Pan et al., 2021). 

Ecosystem services are the benefits that people obtain from ecosystems, and they are 

subdivided into provisioning services, regulating services, cultural services, and 

supporting services (MEA, 2005). Restoration projects can and should have various 

effects on ecosystem services (e.g., soil attributes, water resources, carbon reservoir, 

and biodiversity protection), as observed by Shimamoto et al. (2018) in a meta-analysis 

in tropical forests, where it was found that restoration actions positively contribute to 

ecosystem services when compared to disturbed areas. 

The approach to functional characteristics in restoration projects remains incipient 

(Loureiro et al. 2023), with few works connecting environmental conditions, functional 

characteristics, and ecosystem functioning in community assembly (Zirbel et al., 2017; 

Weiher et al., 2011; Lavorel & Garnier 2002; Díaz & Cabido 2001). Given the 

challenges posed for the restoration decade, a greater understanding of the role of 

functional attributes (response attributes and effect attributes) in restoration areas is 

necessary to fill existing gaps. 
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As highlighted by Rosenfield & Müller (2020) and Zupo et al. (2022), currently, in the 

scenario of climate change and land use changes, restoration projects must consider, 

in their planning and monitoring, not only the floristic composition but also the functional 

characteristics of species and the ecosystem. However, the approach of functional 

attributes in restoration depends on the availability of information on these 

characteristics for the species used (Carlucci et al., 2020; Petisco-Souza et al., 2020). 

As warned by several authors, while functional characteristics for a few species are 

widely studied, many functional characteristics of species remain unstudied (Noble & 

Gitay, 1996; Grime et al., 1997; Lavorel et al., 1997; Weiher et al., 1999; Craine et al., 

2002; Wright et al., 2004), especially species without economic use or species 

occurring in remote areas, far from urban areas and outside conservation units. 

In their systematic reviews, Pan et al. (2021) and Carlucci et al. (2020) highlighted the 

most important points related to plant functional characteristics and ecosystem 

services. According to Carlucci et al. (2020), addressing functional characteristics and 

ecosystem services in tropical ecosystem restoration projects is challenging. However, 

caution must be exercised in this approach, as according to Gornish et al. (2023), what 

is lacking is a broad dissemination of information in a scientific format since this 

information is often in technical format through professionals with extensive local 

knowledge. In turn, in the systematic review by Loureiro et al. (2023), the authors 

highlighted that functional restoration is in the theoretical field and that new initiatives 

should be expanded to experimental approaches. These authors pointed out the 

challenges for the scientific community in linking empirical knowledge of professionals 

with the practical application of functional response characteristics (e.g., seed size, leaf 

nitrogen and phosphorus content, root dry mass) and effect characteristics that 

promote changes in ecosystem structure and functioning in restoration projects. The 

greater number of studies found regarding response attributes compared to studies 

addressing effect attributes indicates gaps in the knowledge of the relationships 

between characteristics and functions. 

In this context, information on functional attributes allows for the relationship of biotic 

and abiotic components at the ecosystem level, providing information on community 

assembly mechanisms in environmental change processes (Laughlin, 2014) and can 
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serve as a subsidy to predict ecosystem services (Garnier & Navas, 2012). According 

to Pan et al. (2021), ecosystem services are divided into three categories: provisioning 

services, regulating services, and supporting services. From this division, analyses 

were carried out to understand which functional characteristics affect each ecosystem 

service. The ecosystem was observed to be multifunctional, with multiple functions and 

ecosystem services occurring simultaneously (Table 1), requiring further discussions 

and in-depth analyses on the subject. 

Table 1 - Survey of functional characteristics related to different ecosystem services proposed by the 

Millennium Ecosystem Assessment 2005 (MEA) 

Source: Carlucci et al., 2020 - Adapted by the author (2023). 
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Table 1.1 - Continuation of the Survey of Functional Characteristics Related to Different Ecosystem 

Services Proposed by the Millennium Ecosystem Assessment 2005 (MEA) 

Source: Carlucci et al., 2020 - Adapted by the author (2023). 
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Table 1.2 - Continued Survey of Functional Characteristics Related to Different Ecosystem Services 

Proposed by the Millennium Ecosystem Assessment 2005 (MEA) 

Source: Carlucci et al., 2020 - Adapted by the author (2023). 
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Table 1.3 - Continued Survey of Functional Characteristics Related to Different Ecosystem Services 

Proposed by the Millennium Ecosystem Assessment 2005 (MEA) 

Source: Carlucci et al., 2020 - Adapted by the author (2023). 

Merchant et al. (2023) advocate for the complementary use of functional traits in 

restoration actions, highlighting four reasons for the neglect of this topic in projects: 

distinct objectives and approaches, lack of operational structure, plant stock 

constraints, and lack of information on functional traits. 

In this sense, studies that gather information from field research, databases, remote 

sensing, and ecological models are needed to establish patterns at spatial and 

temporal scales. However, the application of trait use in ecological models is limited by 

the availability of databases at smaller scales (He et al., 2019). In general, there is a 

lack of available information at regional scales for local and intraspecific characteristics 

(Siefert et al., 2015). To overcome these limitations, some international and local 

initiatives are being carried out to increase regional studies focusing on functional traits 

and making this information available in local databases. 

It is worth noting that when considering the use of international plant functional traits 

databases, the accuracy of the information should be verified. Some databases may 
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present biased analyses for some traits, such as specific leaf area, seed mass, leaf 

nitrogen per unit mass, maximum height, and maximum photosynthetic capacity per 

unit leaf area (Sandel; Corbin; Krupa, 2011). However, one way to minimize this issue 

is to use various standardized international databases to avoid possible sampling 

biases. There are some consolidated databases for functional traits: TRY/Plant Trait 

Database (Kattge et al., 2020; Kattge et al., 2011) that integrates 400 datasets, some 

of them being collective databases like (LEDA, GlopNet, BiolFlor, SID, EcoFlora, 

FRED). In addition to these, there are other database initiatives such as BIEN 

(Botanical Information and Ecology Network) characterized as a network of ecologists, 

botanists, and computer scientists working together to document global patterns of 

plant diversity, function, and distribution (Maitner et al., 2018), Neotropical Tree 

Community Database/TreeCo (De Lima et al., 2015; De Lima et al., 2020) which is the 

result of a project aimed at compiling and synthesizing existing knowledge on the 

structure and diversity of neotropical tree communities and the functional traits of their 

species, and the DRYAD Digital Repository (Zanne et al., 2009) which is a resource 

that curates research data making them discoverable, reusable, and citable. Besides 

these, there are still the FunAndes Database (Data on functional traits of plants in the 

tropical Andes) (Báez et al., 2022) and in Brazil the database of leaf traits of plants in 

different biomes and types of Brazilian vegetation called LT-Brazil (Mariano et al. 

2021). 

4. FINAL CONSIDERATIONS 

In recent decades, we have seen advances in the use of functional traits in ecological 

restoration. However, it is worth noting that we still need more specific guidelines to 

guide public policies for ecological restoration in a practical and efficient manner. 

The major challenge of the restoration decade in achieving global goals for 

revegetation of large degraded areas lies in the difficulty of applying theory to practical 

field aspects by restoration professionals. It is crucial that restoration projects control 

all phases (i.e., species selection, planning, monitoring, and evaluation). 
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On a global scale, much of the work involving functional traits seeks to measure 

attributes through systematic literature searches or queries in available databases. 

However, evaluating the functional aspect at a local or regional scale may yield better 

results, as it considers the local characteristics of each habitat. An important point is 

the low number of works associated with the ecosystem services to be restored and 

which attributes are related to these services. 

Regarding tropical forests, it is noteworthy that the major challenge in using functional 

traits to select species for ecosystem services is due to these forests harboring a large 

diversity of species and few species with information on their functional traits. However, 

we can observe that functional traits, such as leaf traits, reproductive characteristics, 

architectural attributes, wood density, and ecophysiological traits, are increasingly 

being considered as important criteria for species selection in restoration projects. 

It is evident that we should seek to have a broad view of restoration that addresses the 

widest possible range of aspects (organisms, species, populations, ecosystems, and 

landscapes) that need to be taken into account to assess the success of restoration 

projects. However, there are still major challenges in synthesizing and establishing 

systematic standards for structure, function, and composition elements since each 

biome presents different global, regional, and local characteristics. There is no fixed 

approach in restoration projects; the challenge in this regard is constant and flexible, 

and we must always stay updated with new advances in techniques, planting tools, 

monitoring, ecological indicators, among others. 

Restoration ecology has shown significant advances in recent years, with growth and 

evolution in both theoretical and practical approaches. The current scenario highlights 

ecological restoration as a globally relevant theme. It is evident that further studies 

focusing on the development of models in restoration areas that more efficiently 

promote ecosystem services are still needed to achieve their effective functionality. 
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