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• Background Trait-based ecology has become central for understanding plant form, function and 
ecosystem processes, but progress has been hampered by biased representation in trait databases. As 
such, global trait syntheses remain strongly biased towards temperate forest biomes. Tropical savannas 
are the most extensive, biodiverse and disturbance-driven ecosystems worldwide, yet are poorly 
represented in functional trait databases, limiting ecological inference and applied decision-making.
• Scope Here, we introduce the Cerrado Plant Traits (CPT), an open-access initiative compiling and 
standardizing plant functional trait data for the Brazilian Cerrado, the most biodiverse tropical savanna in 
the world. CPT integrates trait information for all major plant organs (whole-plant, root, shoot, leaf, 
flower, fruit and seed) across vegetation types in the Cerrado, drawing on a collaborative and inclusive 
research network. The current version of CPT compiles data from 148 datasets, totalling 113 859 curated 
trait records for 2134 taxonomically verified species across 150 families. Trait records span pristine, 
degraded and restored environments and capture both interspecific and intraspecific variation. Whole- 
plant and leaf traits dominate the current dataset, whereas below-ground and reproductive traits remain 
comparatively underrepresented, highlighting key priorities for future research.
• Conclusions By substantially increasing the representation of savanna species in global trait repositories, 
CPT enables tests of ecological hypotheses across multiple levels of organization, analyses of trait– 
environment relationships across fire, soil and climatic gradients, and robust comparisons across forest– 
savanna transitions. Beyond its scientific value, CPT provides a practical, standardized resource to support 
conservation planning, restoration programmes and evidence-based policy in a biodiversity hotspot facing 
accelerating land-use and climate pressures.

Key words: Biodiversity, Cerrado, conservation, functional ecology, restoration, savanna, trait database.

INTRODUCTION

Ecology has long relied on species abundance and distribu
tion to answer fundamental questions, guide conservation 
efforts and support predictive models, but these metrics 
lack the functional depth necessary to inform modern eco
logical science and practice precisely. More recently, howev
er, trait-based ecology has emerged as a unifying framework 
in the field of plant ecology and evolution, allowing species, 
communities and ecosystems to be compared based on func
tional traits that reflect plant growth, persistence and repro
duction (Violle et al., 2007). Over the past decade, numerous 
efforts have been made to synthesize trait distribution and 
variation on a global scale, including the whole spectra of 
plant form and function (e.g. Díaz et al., 2016; Carmona 
et al., 2021; Carmona and Beccari, 2025).

These advances were possible only because of three key 
milestones. First, the identification of trait roles and their 
synergy or trade-offs led to the identification of economics 
spectra for diverse organs and tissues, such as leaves 
(Wright et al., 2004), wood (Chave et al., 2009) and roots 
(Weemstra et al., 2016). Similar frameworks have been de
veloped for organs such as seeds (Saatkamp et al., 2019), 
flowers (Roddy et al., 2021) and fruits (Silveira et al., 
2026), but empirical support remains limited owing to data 

scarcity. Second, the publication of handbooks for trait mea
surements (e.g. Pérez-Harguindeguy et al., 2013; Klimešova 
et al., 2019; Wigley et al., 2020, Poschlod et al., 2026) has 
greatly increased the standardization of sampling across 
ecosystems, lineages and plant organs, allowing ecologically 
meaningful comparisons. Third, the availability of open ac
cess trait databases (e.g. Maitner et al., 2018; Kattge et al., 
2020; Wielget et al., 2020) provided multiple opportunities 
for researchers to address ecological questions across scales 
and levels of organization. However, despite all these ad
vances, a persistent limitation is that current trait spectra 
rely heavily on data from biomes and lineages of temperate 
climate, especially of the Northern Hemisphere, constrain
ing our understanding of plant ecological strategies in trop
ical, seasonal and disturbance-prone ecosystems, especially 
the savannas, the second most diverse and widespread bi
ome in tropical regions of the Southern Hemisphere 
(Murphy et al., 2016).

The savanna biome occupies vast areas across the tropics 
and subtropics in the Americas, Africa, Australia and parts 
of south and south-eastern Asia (Dinerstein et al., 2017). 
They are maintained by a combination of climatic season
ality, resource availability (water and nutrients) and distur
bances (fire and herbivory) (Sankaran et al., 2005; Staver 
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et al., 2011; Dantas et al., 2016; Bond, 2019). These environ
mental aspects filter for functional strategies centred on 
drought tolerance, nutrient conservation, resprouting abil
ity from below-ground specialized organs, fire resistance and/ 
or dependence, and tolerance to herbivory; a suite of strategies 
associated with traits that are still poorly represented in global 
trait compilations dominated by temperate forest species 
(Ratnam et al., 2011; Wigley et al., 2020; Zhou et al., 2025).

Savannas harbour endemic and threatened biodiversity 
(Parr et al., 2014; Murphy et al., 2016; Costa et al., 2026) 
structured into a continuous, megadiverse C4 grass- 
dominated understorey, rich in forbs and varied growth 
forms, alongside a discontinuous, species-rich woody compo
nent. Both layers are characterized by complex and highly di
verse underground structures (Lehmann et al., 2011; Scogings 
and Sankaran, 2019; Pilon et al., 2021; Siebert et al., 2024). 
These ecosystems are major carbon sequestration 

compartments of the biosphere, supporting climate change 
mitigation policies (Zhou et al., 2023). However, the paucity 
of plant functional trait data for savanna species, including 
those related to C storage and sequestration, represents a sig
nificant barrier to improving our understanding of how best to 
manage and restore savanna biodiversity to secure species per
sistence and to provide ecosystem services essential to support 
human livelihoods (Bispo et al., 2024). To close this gap, we in
troduce the Cerrado Plant Traits (CPT), an inclusive network 
compiling functional trait data for the Cerrado.

The Cerrado is the most biodiverse savanna in the world, 
with ∼13 000 bryophytes and vascular plant species (Flora e 
Funga do Brasil, 2025), which originally covered 200 million 
hectares but has now been reduced to half of its original native 
extent (Strassburg et al., 2017). Its flora comprises a remark
able diversity of plant lineages, including highly specialized 
growth forms shaped by recurrent natural fires, nutrient 
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FIG. 1. Physiognomic variation of the Brazilian Cerrado. (A) William Bond in campo sujo. (B, C) Campo limpo in Central (B) and southeastern (C) Brazil. (D–F) 
Typical cerrado sensu stricto (D), cerradão woodlands (E) and gallery forest (F). (G–I) Overview of a Cerrado landscape showing habitat heterogeneity (G), which 
includes wetlands (H) and rocky outcrop vegetation (I). Cerrado Plant Traits aims to provide data on all plant organs to allow future analyses of trait integration. 

Photographs by Alessandra Fidelis (A, C, G), Natália Medeiros (B), Davi Rossatto (D–F) and Lara Amaral-Garcia (I). Illustration by Raissa Jardim. 
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limitation, seasonal droughts and remarkable habitat hetero
geneity across the landscape, which leads to diverse ecosys
tems, including grasslands, savannas and even associated 
forests (Oliveira and Marquis, 2002; Simon et al., 2009; 
Françoso et al., 2015). The biome is threatened by multiple fac
tors, including land-use change and climate change 
(Strassburg et al., 2017; Hofmann et al., 2025; Segura-Garcia 
et al., 2026). Unfortunately, only ∼3 % of the Cerrado area is 
under strict legal protection, and 62 % of all Cerrado vegetation 
remnants are located within private landholdings (Bispo et al., 
2024). In recent years, there have been many attempts to syn
thesize knowledge of different aspects of Cerrado ecology, in
cluding its herbaceous (De Castilho Silva et al., 2024) and 
woody flora (Alvarez et al., 2025; Pontara et al., 2025), pollina
tion (Cardoso et al., 2026), seed dispersal (Kuhlmann and 
Ribeiro, 2016, Bello Carvalho et al., 2023), fire (Arruda et al., 
2024; Pivello et al., 2025; Segura-Garcia et al., 2025) and resto
ration ecology (Pilon et al., 2023). Yet, despite decades of eco
logical research, functional trait data for Cerrado species 
remain scattered in localized studies, often using different 
methodologies, limiting their broader integration into global 
frameworks and databases.

The CPT initiative was established to address this gap by 
compiling, standardizing and making available curated trait 
data across all plant organs, growth forms and vegetation 
types. CPT presents the first consolidated output of the initia
tive, offering an open access dataset that considerably expands 
the representation of savanna species, focused on the Cerrado, 
in global trait repositories. By making these datasets open ac
cess, CPT aims to advance trait-based ecology of the Cerrado 
and analogous savannas, facilitating large-scale comparisons, 
enhancing vegetation models and supporting conservation 
and restoration strategies in a biome facing accelerating hu
man pressures (de Marco et al., 2023).

DATA ACQUISITION AND ORGANIZATION

Over time, several definitions and delimitations of the 
Cerrado have been proposed by different authors 
(Ab’Saber 1977, 2003, Ribeiro and Walter, 2008; Batalha, 
2011). Although different perspectives and approaches led 
to distinct interpretations of the geographical and ecological 
boundaries of the biome, a pragmatic definition is required. 
We adopted the official definition of the Cerrado based on 
the geographical limits established by the Brazilian 
Institute of Geography and Statistics (Instituto Brasileiro 
de Geografica e Estatística [IBGE], 2019). All vegetation 
types occurring within this boundary, from grasslands (cam
po limpo) to gallery forests (Fig. 1), were included, in addi
tion to patches of campo rupestre situated inside these 
limits (Ribeiro and Walter, 2008). Therefore, any study con
ducted within the geographical extent of the biome, includ
ing grasslands, savannas and forests, was eligible to 
contribute data to the CPT (Fig. 1). We are aware of a few 
campo rupestre patches occurring outside of the geographi
cal limits of the IBGE biome, but they were retained because 
of the natural patchy distribution of this ecosystem.

We requested data of bryophytes, ferns and lycophytes, 
gymnosperms and angiosperms occurring in the Cerrado, 
including species that are not exclusively native to the 
biome. Our focus was on wild species; thus cultivated, 

domesticated and agricultural or silvicultural species were 
excluded. However, traits of non-native and naturalized spe
cies were retained, because these might assist in the man
agement of biological invasions.

Both unpublished and published primary data from scien
tific articles, books, preprints, theses, dissertations and 
monographs, in addition to ongoing or completed experi
ments that generated plant functional trait measurements, 
were accepted. We also recorded whether data were ob
tained from plants collected in pristine (natural), degraded 
(e.g. urban or agricultural) or restored conditions. Data 
were collected by organizing a collaborative research net
work with standardized protocols, as described below, but 
no systematic literature mining was performed.

To provide a broad overview of plant functional strategies 
in the Cerrado, we compiled a database organized into seven 
trait categories (Fig. 1J), comprising different traits and 
functions (Table 1). For each trait category, we developed 
a template file that was distributed to potential collaborators 
and made available online. Each template consisted of an 
Excel file with multiple tabs containing metadata and data- 
entry sheets. The metadata provided detailed explanations of 
variable definitions, units of measurement, data provenance, 
sampling methods and contributor information. Because in
traspecific functional variation can be as large as interspecific 
variation and has important implications for functional ecolo
gy (Siefert et al., 2015), the CPT templates were designed to 
capture such variation by providing data on standard devia
tion and sample size for all quantitative traits.

TABLE 1. List of seven trait categories with respective overall 
function and examples in the Cerrado Plant Trait database.

Trait category Functions Examples Number 
of traits

Number 
of species

Whole-plant Broad 
interactions 
with the 
environment

Height, growth 
form, 
resprouting 
capacity

14 1192

Leaf Light 
interception, 
water 
relationships

Specific leaf 
area, stomatal 
conductance, 
maximum 
photosynthetic 
rate

48 772

Shoot Biomechanical 
support, water 
relationships

Wood density, 
water retention 
capacity, bark 
thickness

14 501

Root and 
below-ground

Nutrient 
acquisition, 
regeneration

Specific root 
length, root 
biomass

13 310

Flower Sexual 
reproduction 
and pollination

Flower length, 
pollination 
syndrome

21 978

Fruit Seed dispersal Fruit colour, 
dispersal 
syndrome

15 171

Seed Persistence, 
germination 
and 
recruitment

Seed dry mass, 
seed water 
content

29 415
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Two online workshops were held to allow collaborators to 
provide feedback and clarify questions about the project. 
After this consultation period, consolidated templates were 
distributed in March 2024, and completed datasets were re
turned by contributors up to October 2024.

DATA CURATION, HARMONIZATION AND 
INTEGRATION

The structural consistency of the dataset columns from each 
dataset was verified. When inconsistencies were identified 
(such as changes in column names, units of measurement, 
deletions or unintended insertions), the authors were noti
fied to make the necessary adjustments. Once the columns 
were verified, the datasets were consolidated into a single 
file for each dataset.

Scientific names were checked according to the Flora and 
Funga of Brazil repository (https://floradobrasil.jbrj.gov.br; 
Brazil Flora Group et al., 2022), using the scientific name ver
ification tool of the Brazilian Aquatic Plants Data Repository 
(https://sites.icb.ufmg.br/plantasaquaticasbrasil/). In cases of 

synonymy, the names were updated to their respective ac
cepted forms. In the final version, only species with accepted 
names were retained. Records identified only to the family 
or genus level were excluded. Geographical coordinates 
were standardized to decimal degrees, and spatial consisten
cy was verified using functions from the R package 
CoordinateCleaner (Zizka et al., 2019).

After the data submission deadline (1 October 2024), each 
dataset was reviewed individually for completeness and con
sistency. We inspected continuous trait columns for outliers 
using visual distribution checks (histograms and boxplots) 
in the R environment. Suspicious values were flagged 
when they exceeded three interquartile ranges from the me
dian or were biologically implausible. After taxonomic cura
tion, the database includes 113 859 trait records. Datasets 
needing revisions after curation were returned to authors 
to check for consistency and then integrated into the final 
dataset after corrections. Outliers were retained if their val
ues were deemed correct by authors. This first release of the 
CPT compiles data from 148 datasets, resulting in a total of 
117 471 trait records.
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FIG. 2. (A) Trait coverage across angiosperm phylogeny, sourced in the V.PhyloMaker R package (Jin and Qian, 2022). The blue bars show the logarithm of 
the number of records. (B–D) The 20 families (B), genera (C) and species (D) with most trait records available in Cerrado Plant Trait database. 
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CURRENT STATE OF THE CERRADO PLANT TRAITS 
DATABASE

We started with an initial list of 3230 taxa, which was reduced 
to 2134 taxonomically verified species distributed among 150 
families (Fig. 2A, B) and 695 genera (Fig. 2C). Angiosperms 
formed the largest group in CPT, with Fabaceae (239 species; 
15 208 records), Asteraceae (206; 7101), Poaceae (140; 12 519), 
Melastomataceae (131; 6131), Myrtaceae (101; 7779) and 
Rubiaceae (83; 3424; Fig. 2A) standing as the most represented 
families. As in many trait databases, there was a strong imbal
ance of representation within families, with some species ac
counting for a disproportionately large fraction of the 
records (e.g. Microlicia laniflora; Fig. 2D). The ten most repre
sented species accounted for 9.4 % of total records, whereas the 
1461 least represented species accounted for 10 % of total re
cords. Monocots were underrepresented in the list of top fam
ilies, genera and species (Fig. 2B–D).

Sampling was largely concentrated in the central and south
eastern Cerrado, except for flower traits, which achieved a 
more even geographical coverage (Fig. 3A). With the excep
tion of few flower and seed traits, there were no trait data in 
Matopiba (an acronym for the states Maranhão, Tocantins, 

Piauí and Bahia), the emerging agricultural frontier in Brazil 
(Santos and Ruchkys, 2025). Records outside the IBGE official 
boundaries refer to enclaves distributed in neighbouring 
biomes. Trait records covered the full range of Cerrado vege
tation types, including campo limpo, campo sujo, campo cerra
do, campo rupestre enclave, cerrado sensu strictu, cerradão, 
vereda, gallery forest, dry forest, capão forest, semideciduous 
forest and urban area. Pristine sites accounted for 74.6 % of 
the records, which were largely concentrated on cerrado sensu 
stricto and campo sujo (Fig. 3B). Traits for Cerrado species oc
curring in urban contexts accounted for only 0.04 % of total re
cords (Fig. 3B), and those were only for flower traits. Nearly 
11.3 % of the records originated from degraded landscapes 
(e.g. agricultural matrices, urban environments), and 4.6 % 
from restored areas. Information regarding land use was miss
ing in 9.5 % of the records (Fig. 3C).

Trait information was organized into seven functional cat
egories: whole-plant, leaf, shoot, root, flower, fruit and seed 
(see Table 1; Supplementary Data Table S1). In this first re
lease, trait categories with the greatest representation were 
leaf and whole-plant, together accounting for 66.1 % of all re
cords (Fig. 4A). Root traits were less represented in the 
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database, with only 1.4 % of all records (Fig. 4A). The most 
frequently measured traits across the database were growth 
form (with 10 371 records), specific leaf area (9375), life his
tory (8942), plant height (7714), shoot height (5928), leaf 
area (4774) and wood density (4730) (Fig. 4B). Trait overlap 
among categories varied significantly. A total of 21 species 
had at least one trait measured in all seven functional cate
gories, whereas 1121 species had records restricted to a sin
gle category (Fig. 4C, D). We found 937 species (43.9 %) 
presenting broad functional coverage (at least ten traits), 
whereas 471 species (22.0 %) were represented by fewer 
than five traits. Only 39 (1.8 %) species had records for 
≥50 traits, reflecting the typical heterogeneity found in 
large, multi-source trait databases (Kattge et al., 2020).

DATA ACCESSIBILITY AND FUTURE PROSPECTS

The CPT database is organized into a structure that facili
tates transparency and interoperability. It is divided into 
two sections: (1) general metadata, including taxonomic 

information, growth form, geographical coordinates, vegeta
tion type, land-use classification and dataset provenance; 
and (2) trait records, in which each column corresponds to 
a single functional trait measured, followed by standard de
viation and sample size in the case of quantitative traits. All 
files are provided as supplementary material and is archived 
in a permanent public repository (10.6084/m9.figshare. 
32895932) to ensure permanent accessibility. To keep ex
panding the network, we will continue to update the data
base with complementary traits and records via online 
collaborative repositories. This infrastructure will facilitate 
the storage and sharing of code, allowing for seamless ex
pansion and integration of new digital projects.

The CPT database will empower researchers to revisit 
classic hypotheses in functional ecology, better assess how 
plant trait spectra vary across ecological gradients of precip
itation, soil fertility and fire regimes within savannas (e.g. 
Bernardino et al., 2022; Neves et al., 2022; Flake et al., 
2025; Paudel et al., 2025; Zanzarini et al., 2025) and across 
forest–savanna transitions (Dantas et al., 2016), and test 
whether trait–environment relationships identified in other 
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biomes hold in the most diverse tropical savanna in the 
world. In addition to enabling rigorous comparative analy
ses across biogeographical regions (Ratter et al., 2003; 
Amaral et al., 2017), lineages and niche partitioning among 
growth forms (Rossatto et al., 2013), it will also play crucial 
roles in understanding interspecific and intraspecific trait 
variation (e.g. Bedetti et al., 2011; Rossatto and Franco, 
2017).

From the applied perspective, the CPT database will play a 
central role in advancing trait-based conservation and resto
ration in the Cerrado. By providing a unified and openly ac
cessible dataset, the CPT establishes a robust foundation for 
investigating trait-based dynamics during woody encroach
ment (Cruz Júnior et al., 2025; Costa et al., 2026; Rossatto 
and Scalon, 2026), below-ground biomass accumulation 
(Bombo et al., 2025), regeneration ecology (Daibes et al., 
2022; Paraguassu et al., 2026), invasion ecology (Le Stradic 
et al., 2025) and restoration planning (Coutinho et al., 
2023). However, in order to succeed, future efforts will 
need to enhance trait data collection on below-ground or
gans, herbaceous species and in both degraded and restored 
sites, particularly in underrepresented regions, such as the 
Matopiba (Fig. 3A).

Despite substantial progress made by the CPT initiative, 
several pressing challenges remain. Among them, mitigat
ing the geographical, ecological and phylogenetic biases is a 
main priority. Although we aimed to maximize the repre
sentativeness of CPT across taxonomic, geographical and 
ecological diversity of the Cerrado, the current compilation 
does not represent a random or systematic sample. Instead, 
it reflects uneven research effort, with geographical (e.g. 
central and southeastern Cerrado), ecological (e.g. woody 
species) and functional (e.g. leaf and whole-plant traits) bi
ases. Consequently, our database should be used with cau
tion, particularly when extrapolating patterns across the 
biome. The number of taxonomically validated species in 
CPT is currently 15.06 % of the Cerrado flora (Flora e 
Funga do Brasil, 2025). Furthermore, data integration across 
plant organs is needed before more reliable assessments of 
plant spectra in the Cerrado can be achieved (Carmona 
and Beccari, 2025). Another limitation is ensuring method
ological consistency, which requires standardized data sam
pling using reliable protocols. Mitigating these limitations 
will make the next version of CPT more comprehensive 
and integrated, which could be achieved through sustained 
funding to support data curation and integration.

Although the CPT functions primarily as an inclusive net
work for compiling data from a wide diversity of contribu
tors, future efforts need to include targeted data mining 
aimed at filling critical taxonomic and geographical gaps, 
thereby increasing the overall coverage of the dataset be
yond the immediate network of contributors. Focus should 
be given to undersampled regions and poorly represented 
lineages and trait categories. Two parallel strategies will 
drive future expansions. First, coordinated collaborative au
thorship will enable systematic extraction and incorporation 
of trait data from articles, books, theses, dissertations, technical 
reports and grey literature. Second, greater engagement with 
non-English and regionally published literature (Serrano 
et al., 2025) will help to reduce linguistic and geographical bi
ases and contribute to a more comprehensive representation of 

Cerrado biodiversity. Such efforts will be crucial for integrating 
functional trait information across the full breadth of Cerrado 
vegetation types and for strengthening the ability of the CPT to 
support large-scale ecological inference.

CONCLUSION

By assembling trait data from all plant organs, CPT is expect
ed to deliver significant contributions for functional ecology 
and more inclusive conservation practices. In particular, the 
CPT database will enable more rigorous tests of ecological 
hypotheses, deepen our understanding of plant functional 
spectra and support comparative analyses across regions, 
taxa and ecological scales (De Bello et al., 2025). Beyond 
its scientific importance, its standardized structure provides 
an open access tool for conservation planning, public policy 
development and restoration programmes, allowing practi
tioners and decision-makers to ground decisions in empiri
cal data. By bridging basic and applied science, we hope 
that CPT becomes a useful and updatable platform for ad
vancing both ecological knowledge and effective conserva
tion action in the most biodiverse and threatened savanna 
in the world.

SUPPLEMENTARY DATA

The supplementary material contains the raw database for 
all plant organs. A figshare link with the full database will 
be made available upon acceptance of the paper.
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