Annals of Botany 00: 1-12, 2026 ﬁg%k?\}%

https://doi.org/10.1093/aob/mcagl76, available online at www.academic.oup.com/aob Nonprofic since 1887

BOTANICAL BRIEFING

Cerrado plant traits (CPT): a database of functional traits across vegetation
types in a global biodiversity hotspot

Lara Amaral-Garcia', Carlos A. Ordéiiez-Parra™*°, Kayna Agostini’, Luiz G. Barbosa-Dias®,
Alessandra Fidelis’, Pietro K. Maruyamal’ , Natalia F. Medeiros’, Norma Senna® Davi R. Rossatto”"”,
Pablo H. A. Melo®, Dayana F. Abdalla’, Ludmilla M. S. Aguiarm, Viviane O. Almeida'?,
Maria Julia Oliveira Alves'?, Marsal D. Amorim"?, Yasmine Antonini'*, Lidyanne Y. S. Aona'®,
André J. Arruda’, Gabriel Assis-Pereira'®, Marly Antonielle Avila'’, André D. Azevedo Neto'’,
Islaine Franciely Pinheiro Azevedo'’, Caio S. Ballarin'®, Ana Carolina Maioli Campos Barbosa'’,
Milton Barbosa', Fernanda Vasconcelos Barros®’, Ricardo L. L. Berbara®', Eduardo Van den Berg?,
Pedro Bergamols, Paulo N. Bernardino'*?3, Aline B. Bombo®, Cleusa Bona*®, Renan Borgianis,
Denilson R. V. Branco®, Adriano A. Brito-Darosci®’, Maria G. G. CamargoB, Liliane S. Camargos26,
Mariana L. Campagnoli’, Bruna H. Campos'?, Joio C. F. Cardoso’, Marcos B. Carlucci®*,

Jodo V. P. Carreri’’, Fabricio Alvim Carvalho?®, Isabella F. Carvalho?®, Vanessa Carvalho?®’,
Mairio G. B. Cava®', Gregoério Ceccantini*’, Constance Chassagne®', Ana Luisa A. Chaves®,
Marco A. Chiminazzo®, Alexander V. Christianini®, Marcus V. Cianciaruso®, Rosane G. Collevatti®,
Helder N. Consolaro®?, Fabiane Nepomuceno Costa*?, Grénivel M. Costa'’, Bruno B. Cozin*®,
Alexandre Cristofaro Silva3*, Claudineia P. Cruz>®, Luis F. Daibes*®, Mariana Dairel®,

Andra C. Dalbeto'?, Gabriella Damasceno™*’, Vinicius L. Dantas®®, Roberta L. C. Dayrell*’,
Gabriela Dezotti’, Luiz Eduardo Dias*’, Ugo Mendes Diniz*', Sara Stefani Domingos”,
Beatriz S. dos Santos®, Edson Ferreira Duarte®, Giselda Durigan*?, Diego Fernando Escobar®’,
Renato D’Elia Feliciano®, Geraldo W. Fernandes**, Bruno H. S. Ferreira*’, Heleno D. Ferreira®*,
Jodo Carlos Gomes Figueiredo", Maurilio A. Figueiredo“, Hudson G. V. Fontenele'’,
Augusto C. Franco'’, Camila T. R. Freire'>*’, Leticia C. Garcia®’, Raquel Gasparini°,

Irene Gélvez-Zuiiga''?, Ingrid N. Gomes*’, Lhoraynne P. Gomes®*’, Marina Efigenia Goncalves"’,
Maria Tereza Grombone-Guaratini*®*, Murilo M. Guimaries??, Alessandro Dias Halfeld*,
Marina Hirota*>*?, Lais L. Jacconi®, Raissa I. L. Jardim?®?*, Jodo Carlos F. Melo Junior™},
Vera L. G. Klein®, Rosana Marta Kolb>?, Alessandra R. Kozovits'*, Soizig Le Stradic®’,
Priscilla de Paula Loiola®, Sabrina Lopes®?, Andressa Lais Lacerda Luna', Renata A. Maia’,
Leandro Maracahipes®*, Vanessa Mariano®, Rafaela C. Marinho®’, Aline R. Martins®®,
Amanda Eburneo Martins"?, Gustavo Martins Mattos*’, Nayara M. J. Melo°,

Clesnan Mendes-Rodrigues’®, Carlos Victor Mendonca-Filho**, Maria Cristina T. B. Messias'*,
Pablo B. Meyer”’, Heloisa S. Miranda'’, Moemy G. Moraes®, L. Patricia C. Morellato'?,

Maria I. C. Moreno’?, Gabriel S. T. Motta®?, Diego R. Nascimento®®, Andreza V. Neri*’, Eduardo Nery”’,
Anselmo Nogueira®, Gabrelle R. Novello'’, Yule Roberta Ferreira Nunes'’, Paulo E. Oliveira™,
Rafael S. Oliveira'?, Carolina S. Oliveira', Julia Machado Ordunha’®, Dario C. Paiva®,
Leticia Candida Pataca®, Eduardo Gusmio Pereira®’, Lucas Guimaries Pereira®', Luis Perugini®**%,
Liliane Gomes Freitas Pessini’, Simon Pierce®’, Natashi A. L. Pilon'?, Luiz Felipe S. Pinheiro>>,
Vania R. Pivello®’, Marco A. Pizo", Lucia Paula Porto>?, Carlos H. B. Prado’, Luana S. Prochazka®,
Javier G. Puntieri®, André Rech®, Jessica N. Reis*’, Henrique C. Renné', Jonathan W. F. Ribeiro™,
Cassy Anne Rodriguess , Bruno L. Rosa?’, Rayete Sary-Eldin G. Rosa*’, Diana S. Sampaio55 ,
Julio Cesar Santiagol, Camila S. Santos®, Nubia S. C. Santos®®, Karine M. Santos®,

Rubens Manoel Santos'®, Marina C. Scalon?*, Cibele C. Silva'>®, Bruna Elem Silva'4,

© The Author(s) 2026. Published by Oxford University Press on behalf of the Annals of Botany Company. All rights reserved. For commercial re-
use, please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink
service via the Permissions link on the article page on our site—for further information please contact journals.permissions@oup.com.

9202 1870190 Z| U0 J8sn aulliamsuy Jaoued DNINN Ad €8/€128/9/ | Beow/qoe/ea01 0| /I0p/a]o11B-80uBApE/qOE/W09"dNoolWapeI. WoJ) PapEojumoq


https://orcid.org/0000-0002-2319-0252
https://orcid.org/0000-0001-5492-2324
https://orcid.org/0000-0001-9510-8345
https://doi.org/10.1093/aob/mcag176
https://www.academic.oup.com/aob

2 Amaral-Garcia et al. — Cerrado plant traits (CPT): a database of functional traits

Danila Moreira Silva'’, Larissa G. F. Silva®’, Mateus C. Silva®®, Natalia C. Soares'*'?, Camila S. Souza'’,
Jodo Paulo Souza*’, Lucas Rodrigues Souza'’, Roberta P. Souza®, Bethina Stein'?,

Lucas B. S. Tameirio’, Diego Tassinari®’, Aristénio Magalhaes Teles*, Francismeire J. Telles®,
Elisa Thébault®®, Renata Trevizan', Betania C. Vargas®’, Thais Vasconcelos®, Gabriel R. Vedovello'?,
Maria das Dores M. Veloso'’, Geane C. E. Viegas*’, Kamilla Ingred Castelan Vieira',
Gabriela R. Vilela?’, Marina Wolowski*’, Vagner Zanzarini’, Heloiza L. Zirondi°,

Talita Marques Zupo*?, Daniel Negreiros™'*"° and Fernando A. O. Silveira®"

IDepartment of Genetics, Ecology and Evolution, Federal University of Minas Gerais, Belo Horizonte 31270-901, Brazil,
“Department of Botany, Federal University of Minas Gerais, Belo Horizonte 31270-901, Brazil, *Departamento de Ciéncias
Naturais, Federal University of Sdo Carlos, Sdo Carlos 13600-970, Brazil, *Departamento de Ecologia, Federal University of
Goids, Goidnia 74690-900, Brazil, °Laboratory of Vegetation Ecology, Institute of Biosciences, Sdo Paulo State University
(UNESP), Rio Claro 13506-900, Brazil, 6Department of Biology, Federal University of Vigosa, Vicosa, Minas Gerais 36570-900,
Brazil, "Department of Biology, School of Agricultural and Veterinary Sciences, Sdo Paulo State University (UNESP),
Jaboticabal, Sdo Paulo 14884-900, Brazil, *Amplo Engenharia e Gestdo de Projetos, Belo Horizonte, Minas Gerais 30140-080,
Brazil, °Instituto Federal de Educacdo, Ciéncia e Tecnologia de Goids—Cdampus Itumbiara (IFG), Itumbiara, Itumbiara
75524-245, Brazil, °Instituto de Ciéncias Biolégicas, Universidade de Brasilia, Brasilia 70910-900, Brazil, ' Centro
Universitario de Goids Uniaraguaia, Goidnia 74223-060, Brazil, “*Instituto de Biologia, Universidade Estadual de Campinas
(UNICAMP), Campinas, SP 13083-862, Brazil, BCenter for Research on Biodiversity Dynamics and Climate Change, Sdo
Paulo State University, Rio Claro 13506-900, Brazil, **Programa de Pés-graduacdo em Ecologia de Biomas Tropicais,
DEBIO/ICEB, Universidade Federal de Ouro Preto, Ouro Preto 35402-136, Bragzil, 1>Center for Agricultural, Environmental
and Biological Sciences, Federal University of Reconcavo da Bahia, UFRB, Cruz das Almas, Bahia 44380-000, Brazil,
5Research and Development Department, Monte Verde Carbon, Itajubd 37501-146, Brazil, '’ Department of Biology,
Universidade Estadual de Montes Claros, Montes Claros 39401-089, Brazil, *®Instituto de Biociéncias, Universidade Estadual
Paulista (UNESP), Botucatu 18618-689, Brazil, 19Departamento de Ciéncias Florestais, Universidade Federal de Lavras,
Lavras 37203-202, Brazil, *°College of Life and Environmental Sciences, University of Exeter, Exeter, EX4 4RJ, UK,

2! Departamento de Solos, Universidade Federal Rural do Rio de Janeiro, Seropédica 23890-000, Brazil, *’Departamento de
Ecologia e Conservacdo, Universidade Federal de Lavras, Lavras, Minas Gerais 37200-900, Brazil, >>Cary Institute of Ecosystem
Studies, 2801 Sharon Turnpike, Millbrook NY 12545, USA, **Departamento de Botdnica, Setor de Ciéncias Bioldgicas,
Universidade Federal do Parand, Curitiba, PR 81531-980, Brazil, *’Instituto Federal Goiano, Ceres 76300-000, Brazil,
2Department of Biology and Zootechny, Sdo Paulo State University, Ilha Solteira 15385-086, Brazil, %’ Instituto de Ciéncias
Naturais, Universidade Federal de Alfenas (UNIFAL-MG), Alfenas 37133-840, Brazil, 28Department of Botany, Federal
University of Juiz de Fora, Juiz de Fora 36036-900, Brazil, ?’Department of Botany, Federal University of Mato Grosso do Sul,
Campo Grande 79070-900, Brazil, 30Department of Botany, University of Sdo Paulo, Sdo Paulo 05508-090, Brazil, 3 Chambre
d’agriculture d’Indre-et-Loire Bordeaux 31170, France, **Department of Biological Sciences, Federal University of Cataldo,
Cataldo 75704020, Brazil, **Department of Biological Sciences, Universidade Federal dos Vales do Jequitinhonha e Mucuri,
Diamantina 39100-000, Brazil, **Department of Forest Engineering, Universidade Federal dos Vales do Jequitinhonha e
Mucuri, Diamantina 39100-000, Brazil, >’Department of Biological Sciences, State University of Feira de Santana, Feira de
Santana, Bahia 44036-900, Brazil, *°Diretoria de Pesquisa Cientifica, Instituto de Pesquisas Jardim Botdnico do Rio de Janeiro
(JBRJ), Rio de Janeiro/RJ 22460-030, Brazil, >’ German Center for Integrative Biodiversity Research (IDiv), Leipzig 04103,
Germany, **Laboratério de Macroecologia e Satide Ambiental—Instituto de Geografia, Geociéncias e Satide Coletiva—
Universidade Federal de Uberlandia 38400-902, Bragzil, *° Royal Botanic Gardens, Kew, Wakehurst, Ardingly, Haywards Heath,
West Sussex RH17 6TN, UK, 40Departamento de Solos, Universidade Federal de Vigcosa, Vigcosa 36570-900, Brazil, “ Chair of
Plant-Insect Interactions, School of Life Sciences, Technical University of Munich, Hans-Carl-von-Carlowitz-Platz 2, Freising
85354, Germany, **Lab of Ecology and Hydrology, Instituto de Pesquisas Ambientais, Floresta Estadual de Assis, Caixa Postal
104, Assis, SP 19802-970, Brazil, “Instituto Tecnologico Vale Desenvolvimento Sustentdvel, Belém 66055-090, Brazil,
“Knowledge Center for Biodiversity, Belo Horizonte 31310-250, Brazil, *’Secretaria da Educagdo do Estado de Sdo Paulo,
Unidade Regional de Ensino de Andradina, Escola Estadual Arno Hausser, Ilha Solteira, SGo Paulo 14385-000, Brazil,
“Programa de Pés-Graduagdo em Evolucdo Crustal e Recursos Naturais, Departamento de Geologia, Universidade Federal de
Ouro Preto, Ouro Preto 35400-000, Brazil, *’ Department of Ecology and Evolutionary Biology, Yale University, New Haven, CT
06520, USA, *Instituto de Botdnica, Sdo Paulo 04301-902, Brazil, *Instituto Relva, Rio de Janeiro 21060-130, Brazil,
*Department of Physics, Universidade Federal de Santa Catarina, Floriandpolis 88035-972, Brazil, >’ Departament of
Biological Sciences, Universidade da Regido de Joinville, Palhoca 89219-710, Brazil, 52Departamento de Ciéncias Bioldgicas,
Universidade Estadual Paulista Assis, Assis 19806-900, Brazil, >’ INRAE, University of Bordeaux—BIOGECO, Bordeaux 33610,
France, >*Instituto de Pesquisa Ambiental da Amazonia, Canarana 78640-000, Brazil, Snstituto de Biologia, Universidade
Federal de Uberlandia, Minas Gerais 38405-302, Brazil, *®Terrima Solucdes Ambientais, LTDA, Belo Horizonte 32146-024,
Bragzil, >’ Instituto Pristino, Belo Horizonte 30642-180, Brazil, *SFederal University of Juiz de Fora, Juiz de Fora 36036-900,

9202 1870190 Z| U0 J8sn aulliamsuy Jaoued DNINN Ad €8/€128/9/ | Beow/qoe/ea01 0| /I0p/a]o11B-80uBApE/qOE/W09"dNoolWapeI. WoJ) PapEojumoq


https://orcid.org/0000-0002-4780-2284
https://orcid.org/0000-0001-9700-7521

Amaral-Garcia et al. — Cerrado plant traits (CPT): a database of functional traits 3

Brazil, *°Centro de Ciéncias Naturais e Humanas, Universidade Federal do ABC (UFABC), Sdo Bernardo do Campo, Sdo
Paulo 09606-045, Brazil, ®°Department of Biological Sciences, Institute of Environment, Florida International University,
Miami, FL 33199, USA, ®'Departamento de Dendrocronologia, Universidade Federal de Lavras, Lavras 37200-000, Brazil,
% Institute of Entomology, Biology Centre, Czech Academy of Sciences, Ceské Budéjovice 370 05, Czech Republic, **Department
of Agricultural and Environmental Sciences, University of Milan, Milan 20113, Italy, **National University of Rio Negro, Rio
Negro 8500, Argentina, 53Centro Universitario de Mineiros, Mineiros, Goids 35833-130, Brazil, 66Department of Ecology,
Evolution and Behavior, University of Minnesota, Saint Paul, MN 55108, USA, 67Departamento de Ciéncias do Solo,
Universidade Federal de Lavras, Lavras 37203-202, Brazil, ®®Institut d’Ecologie et des Sciences de I’Environnement de Paris,
Sorbonne Université, Paris 75005, France and °°Department of Ecology and Evolutionary Biology, University of Michigan,

X Ann Harbor 48109-1085, USA
For correspondence. E-mail negreiros.eco@gmail.com or faosilveira@icb.ufmg.br

Received: 11 February 2026 Returned for revision: 13 June 2026 Accepted: 22 June 2026
« 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. Diaz 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; KlimeSova
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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Fic. 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), cerraddo 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), Natalia Medeiros (B), Davi Rossatto (D-F) and Lara Amaral-Garcia (I). Illustration by Raissa Jardim.

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 C, 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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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;
Francoso 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 Estatistica [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,

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

Trait category Functions Examples Number  Number
of traits  of species
Whole-plant  Broad Height, growth 14 1192
interactions form,
with the resprouting
environment capacity
Leaf Light Specific leaf 48 772
interception, area, stomatal
water conductance,
relationships maximum
photosynthetic
rate
Shoot Biomechanical Wood density, 14 501
support, water ~ water retention
relationships capacity, bark
thickness
Root and Nutrient Specific root 13 310
below-ground acquisition, length, root
regeneration biomass
Flower Sexual Flower length, 21 978
reproduction pollination
and pollination syndrome
Fruit Seed dispersal  Fruit colour, 15 171
dispersal
syndrome
Seed Persistence, Seed dry mass, 29 415
germination seed water
and content
recruitment

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.
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Fic. 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.

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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Fic. 3. (A) Distribution of sites where trait distribution is available in the Cerrado Plant Trait database. Points located outside the geographical limits of the
Cerrado biome as defined by IBGE correspond to naturally occurring patches. (B, C) Trait distribution across the Cerrado physiognomies (B) and across
conservation contexts (C).

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 Maranhdo, Tocantins,

Piaui 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, cerraddo,
vereda, gallery forest, dry forest, capdo 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 Junior 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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