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ABSTRACT

Motivation: Geographic occurrences are essential for biodiversity studies, but publicly available repositories like GBIF often
contain errors and biases, especially for taxonomically complex groups like Carex L. (Cyperaceae). This work provides an expert-
curated global dataset of occurrences compiled from different sources to enhance data accuracy and usability. The final dataset
includes 384,067 occurrences of 1790 Carex species.

Main Types of Variables Contained: The dataset includes species occurrence records with geographic coordinates, taxo-
nomic identifications, and curation flags (e.g., introduced, erroneous records).

Spatial Location and Grain: The dataset covers a global scale, using the WGS84 projection. Spatial resolution is standardised
to a minimum of three decimal degrees (~1 km, if possible).

Time Period and Grain: Online records span from 1950 to 2020, but some manually georeferenced records are earlier (1850).
There is also fieldwork data after 2020, specifically up to 2023.

Major Taxa and Level of Measurement: Cyperaceae: Carex. Most records have species-level identification, and some of them
are identified at subspecies or variety levels.

Software Format: Data are supplied as comma-separated values files with UTF-8 encoding.

For affiliations refer to page 8.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Geographic occurrence records constitute an increasingly sci-
entific resource widely used in conservation-related topics,
including species management (Palacio et al. 2021; Moreira
etal. 2022), biological invasions (Eckert et al. 2020; Santamarina
et al. 2023), analyses of diversity (Naczi et al. 2020; Sanbonmatsu
and Spalink 2022), and range shifts under climate change
(Fourcade 2016; Spalink et al. 2018; Benitez-Benitez et al. 2022).
They are also essential for analysing species’ bioclimatic niches
and their evolutionary dynamics (Benitez-Benitez, Martin-
Bravo, et al. 2021; Benitez-Benitez, Otero, et al. 2021; Coca-de-
la-Iglesia et al. 2022; Mejia et al. 2022). The primary publicly
available resource of occurrence data is the Global Biodiversity
Information Facility (GBIF 2023), which compiles information
from museum collections, publications, and from projects or in-
stitutions. Additionally, it hosts quality observations recovered
by community science platforms, such as iNaturalist (https://
www.inaturalist.org/) and Observation.org (https://observa-
tion.org/). However, GBIF data are often taxonomically and spa-
tially biased and contain errors related to species identifications
and locations. Thus, further curation is often required to maxi-
mise its utility for scientific studies (Hortal et al. 2007).

The genus Carex L. (Cyperaceae) is a challenging group in terms
of its systematic structure and species identification. Carex re-
cords on GBIF and other public repositories frequently contain
errors due to several factors. First, Carex is remarkably diverse
with more than 2000 species, positioning it among the top three
largest angiosperm plant genera. This excludes agamosperm
genera (those that form seed without prior fertilisation and
are therefore conformed by microspecies, Global Carex Group
et al. 2021; Govaerts et al. 2022). Second, its intricate taxonomy
poses a well-recognised challenge for both professional and am-
ateur botanists alike, and it hampers the reliable identification of
specimens by non-experts. This is due to the extremely reduced
morphology of key taxonomic characters, and it is aggravated by
the recurrent homoplasy across the genus (Global Carex Group
et al. 2016): species distantly related lineages may exhibit similar
characteristics, making them difficult to distinguish and lead-
ing to mislabeling under the same species name, which becomes
a ‘collective’ taxonomic hotchpotch. Third, Carex is under con-
stant revision as systematic knowledge advances. The embed-
ding of smaller sedge genera within Carex has been known since
early molecular studies (Starr et al. 1999; Roalson et al. 2001;
Hendrichs, Michalski, et al. 2004; Hendrichs, Oberwinkler,
et al. 2004; Global Carex Group et al. 2016). However, it was
not until 2015 that Carex became monophyletic (Global Carex
Group 2015) after formally absorbing the closely related gen-
era (i.e., satellite genera Cymophyllus Mack., Kobresia Willd.,
Schoenoxiphium Nees, and Uncinia Pers). Later phylogenetic
and phylogenomic studies confirmed this (Martin-Bravo
et al. 2019; Villaverde et al. 2020) and led to a recently revised
infrageneric arrangement of subgenera, sections, and informal
groups (Global Carex Group et al. 2021). This process of a major
rearrangement of Carex is far from complete. Phylogenetic
studies focusing on unexplored groups will lead to taxonomic
revisions and the description of new species. Examples in-
clude the section Rarae C.B. Clarke (Oda et al. 2019), the sub-
genera Psyllophorae (Degl.) Peterm. (Benitez-Benitez, Otero,
et al. 2021), the Macaronesian section Rhynchocystis Dumort

(Miguez et al. 2021), the Carex macroglossa group (Takahashi
et al. 2021), and the subgenera Uncinia (Pers.) Peterm. (Garcia-
Moro et al. 2022). In this context, the Global Carex Group (GCG),
an international consortium of Carex experts, was established
in the mid-2010s to foster collaboration and develop a revised
systematic framework. Since its founding, the GCG has contrib-
uted to several collective publications aimed at improving the
evolutionary knowledge and systematic ordination of the genus
(Global Carex Group 2015; Global Carex Group et al. 2016;
Martin-Bravo et al. 2019; Villaverde et al. 2020; Global Carex
Group et al. 2021).

Because of its complexity, using raw Carex occurrence data
may lead to inaccurate conclusions (e.g., Oleas et al. 2019). In
May 2020, GBIF contained 5,738,145 Carex occurrence records,
corresponding to 2225 species names. With the initial inten-
tion of using this dataset to develop a global ecological model
of the genus, we identified three main issues: (1) nomenclatural
incongruences with the Plants of the World Online database
(POWO 2025; 2083 species in 2024), which is the nomencla-
tural reference the GCG has agreed to utilise; (2) misplaced
occurrences for several widely distributed species, likely due to
misidentifications, the lack of distinction between native and in-
troduced occurrences, or use of names as collective taxonomic
identifiers (e.g., taxonomic confusion of Carex cespitosa with the
closely related C. elata and C. nigra; Jiménez-Mejias et al. 2014);
and (3) large areas, with considerable Carex diversity, exhibited
an alarmingly low number of occurrences in the dataset (e.g.,
Mexico, Central and South America, or E Asia).

Given these issues, this work aims to: (1) compile a master da-
tabase for all Carex occurrences hosted in GBIF until 2020; (2)
incorporate additional occurrences from complementary, pub-
licly available databases to cover sampling gaps; (3) conduct a
comprehensive curation of the dataset, including standard filter-
ing procedures and expert curation tasks (tagging problematic
occurrences and identifying putative introduced ones); (4) man-
ually incorporate occurrences from Mexico, South America, and
East Asia to enhance coverage in key geographical areas; and
(5) consolidate the resulting information from these multiple re-
sources into a single dataset, facilitating its usability in future
studies.

2 | Methods
2.1 | Data Collection

We define occurrences as unique combinations of species and
their geolocation. Primary occurrences were obtained from
GBIF and Tropicos (https://tropicos.org/). Most of the geo-
graphic occurrences of Carex species were downloaded from
these repositories during May 2020 using the R package rgbif
(R Core Team 2021; Chamberlain et al. 2022). For 19 Carex
species exceeding 100,000 records, data had to be downloaded
manually. In Tropicos, we searched all the Carex taxa via the
quick search engine, and species information was retrieved
manually, excluding records without coordinates. We checked
the “Specimens” tab to identify any available specimens and
added all relevant specimen information into the dataset,
maintaining all Tropicos columns. All records were manually
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reviewed to prevent duplicate entries. To complement the GBIF
and Tropicos, records from the following nine online data-
bases, already expert curated, were also manually incorporated:
the Atlas of Living Australia (ALA, http://www.ala.org.au),
the Botanical Research and Herbarium Management System
(BRAHMS, https://herbaria.plants.ox.ac.uk/bol/topo), Flora
Polski (https://atlas-roslin.pl/), FloraFaunaAltoAdige (https://
www.florafauna.it/), iDigBio  (https://www.idigbio.org),
Database of the Czech Flora and Vegetation (https://pladias.cz/
en/), RAINBIO (Dauby et al. 2016), SEINet (https://swbiodiver
sity.org/seinet), and Waarnemingen.be/Observation.org. For
Waarnemingen.be/Observation.org, data quality was ensured
by using only occurrence records for which the identification
was either approved by the expert plant validators or the auto-
matic image recognition software, or which were done by plant
observers considered trustworthy. Then, duplicated occurrences
were removed.

Specimen information from specialised literature (see
Appendix S1) and herbarium specimens were manually col-
lected and georeferenced. We processed not only specimens
with coordinates on their labels, but also older specimens (from
1850 onwards) whose geographic location needed to be placed
manually. In these cases, after evaluating satellite images from
Google Maps (https://www.google.com/maps), we retained only
those with confidently determined coordinates within a 5km
radius. We included revised Carex collections from the herbaria
listed in Table S1, with emphasis on critical specimens and col-
lections from South America. All georeferenced specimens were
identified by at least one coauthor (see Author contributions).

Specimen lists from systematic studies on Carex (see repository
files) were also included. These datasets were particularly valu-
able since the specimens listed already had a confident expert
identification. For groups prone to misidentification (e.g., Carex
appressa/C. virgata, sects. Fecundae, Junciformes, Phacocystis,
Racemosae, Rhynchocystis, Schiedeanae, and Schoenoxiphium),
the datasets from these systematic works replaced occurrences
from online repositories to improve data reliability.

Finally, we also incorporated data from field research expedi-
tions to South America conducted by several collaborators of
this work (see Author contributions). This fieldwork focused on
collecting Carex and has taken place in the last 10years, and the
specimens are deposited in the Pablo de Olavide University her-
barium (UPOS).

2.2 | Data Curation

POWO (POWO 2025) was used as reference for accepted names,
and record names were updated when they did not reflect the
most recent nomenclature of the species.

Downloaded GBIF-T raw records (from herein GBIF-T raw
dataset) were submitted to a quality control procedure based
on Coca-de-la-Iglesia et al. (2023). Data were filtered with the
R package dplyr (Wickham et al. 2022). The following records
were removed: (1) erroneous coordinates (e.g., longitude and
latitude both equal to 0); (2) records with less than three deci-
mals to make the dataset easier to handle; (3) occurrences prior

to 1950 to minimise potentially inexact geolocation; (4) dupli-
cated records (those with the identical coordinates and species
ID); and (5) records not corresponding to preserved specimens.
The latter were mostly retrieved from iNaturalist, a source of
observation-based data that provides georeferenced photographs
of living specimens. While most specimens of the genus Carex
are identifiable at genus or sectional rank, the platform's records
often need independent curation due to low image quality and
high uncertainty in taxonomic validation. These specific prob-
lems require semi-automated pipelines that extend beyond the
scope of this work. Collector and herbarium numbers were visu-
ally checked to ensure that no duplicates remained due to typos
or typeset differences. Geographic coordinates were formatted
and homogenised to decimal degrees (WGS84 as a Coordinates
Reference System) to unify the information from all different
sources using the packages tidyr (Wickham and Girlich 2022)
and biogeo (Robertson et al. 2016). Although we discarded those
occurrences with less than three decimals of precision, we ac-
cepted curated data with two decimals for a few critical species.
These are indicated in the “incidence” column of the final data-
set. Eventually, to avoid oversampling in some areas and facil-
itate the manageability of the resulting dataset, data thinning
was applied to retain only those occurrences separated at least
by 1km using the spThin package (Aiello-Lammens et al. 2015).

After quality control, datasets were merged with the other ad-
ditional sources of data (additional databases, georeferenced
herbarium specimens, specimen lists from literature, and
fieldwork). All occurrences were plotted on species/subspecies
maps. To allow for visual curation at the regional scale, these
maps were circumscribed to nine larger geographic areas: North
America (north of Mexico), Mexico and Central America, South
America, Western Palearctic, Tropical Africa, Temperate Asia,
Tropical Asia, Australia, and New Zealand. These maps were
sent to the different co-authors of this paper for expert curation
of regional areas and key taxonomic groups (see Author con-
tributions section). These co-authors provided feedback in the
form of comments (pointing to potentially erroneous data and
introduced populations) or additional data whenever significant
gaps needed to be filled. Records added or marked by the co-
authors were not discarded but flagged in our dataset to allow
comparison with future raw downloads of data from the repos-
itories. The resulting expert-curated dataset (ECD herein) was
integrated manually into a master table.

2.3 | Technical Validation

Following the authors' efforts to remove inaccurate records and
identify introduced populations, we performed three alterna-
tive cross-dataset comparisons. First, a visual comparison of
species richness was conducted by plotting occurrences from
the GBIF-T raw dataset, after cleaning and filtering, and the
ECD. This allowed us to identify areas where expert curation
had significantly improved data quality. Secondly, we gener-
ated species richness maps to assess differences in species dis-
tribution across datasets. Species richness was estimated by
tabulating species presence in each Level 3 botanical country,
as defined by the International Working Group on Taxonomic
Databases for Plant Sciences (Brummitt et al. 2001; mostly
matching political countries but representing sub-national
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entities in large countries as USA or China). Maps were gen-
erated using the R package ggplot2 (Wickham 2016) with the
“Zissoul” palette from the package wesanderson (Ram and
Wickham 2018). Richness values based on the POWO ref-
erence taxon lists, GBIF-T raw data, and the expert-curated
dataset were plotted. We performed three pairwise compari-
sons: (1) GBIF-T raw data versus ECD, (2) POWO versus ECD,
and (3) POWO versus GBIF-T raw data.

Finally, to verify that, for certain ecological analyses, curated
data provide noticeable differences compared to raw data, we
conducted Species Distribution Models (SDMs) for the follow-
ing species: Carex pendula, C. acutata, and C. spartea. The for-
mer has a wide distribution area, whereas the latter two are
more geographically restricted. For each species, we built two
distribution models. One based on the GBIF-T raw dataset,
while the other used the ECD to extract the geographic dis-
tribution per species. Records flagged with “introduced” and
“erroneous” in the “curation_change” column of the ECD were
removed. A data thinning was applied to the records of C. pen-
dula using a minimum distance of 10km. The total number
of records for each species and dataset is shown in Table 1.
We retrieved 19 bioclimatic variables (resolution of 2.5min)
from WorldClim (Fick and Hijmans 2017) for current condi-
tions. To avoid using highly correlated variables, we calculated
a correlation matrix with absolute values for each species.
Subsequently, this was converted into a distance matrix, which
was visualised as a dendrogram. We selected one variable per
clade when the branch length <0.5. Additionally, using the HH
package (Heiberger 2024) in R (R Core Team 2021), we calcu-
lated the variance inflation factor (VIF), a measure that esti-
mates the severity of the effect of multicollinearity in a model
(Guisan et al. 2017). The climatic variables with a VIF<0.5
were selected, which made biological sense based on the study
species. Thus, for C. pendula, Biol, Bio7, Biol0, and Biol2 were
selected. For C. acutata, the chosen variables were Bio3, Bio5,
and Biol5; and for C. spartea, they were Bio3, Bio9, Biol3,
Biol5. The selected climatic variables were cropped to a specific
extent based on the geographic distribution of the species, ex-
cept for Carex pendula. The extent used for South America was
—100, —20, —60, 15, and the extent for Africa was —25, 55, —40,
38. To compute the potential distribution, we implemented the

TABLE 1 | Records from both GBIF-T raw and ECD datasets for
conducting the species distribution modelling for Carex pendula, C.
acutata and C. spartea, and their current distribution range.

R package Biomod2 (Thuiller et al. 2024) using four different
algorithms: Generalised Additive Model (GAM), Generalised
Boosted Regression Model (GBM), Generalised Linear Model
(GLM), and Random Forest (RF). Thereafter, we performed
an ensembled model including all algorithms to build more
accurate projections. We randomly built a set of 10,000 pseudo-
absences from each area and generated a data splitting (70%
training data and 30% testing data) to assess the models by
cross-validation with 10 replicates. The Area Under the Curve
(AUC; Swets 1988) was used as a metric evaluation for building
models with a threshold > 0.8 (Guisan et al. 2017).

3 | Results

The expert curation led to notable improvements in species rich-
ness. The regions showing the greatest additions include South
America (Figure 1a), Southeast Asia (Figure 1b), and the Czech
Republic in Europe (Figure 1c).

Furthermore, maps showing the number of species per country
for each dataset are displayed in Figure 2a—c. The highest spe-
cies richness in the three maps is concentrated in the Northern
Hemisphere, with minor differences mainly related to the taxo-
nomic ranks used (e.g., many infraspecific taxa in Oregon, USA).
However, there are no substantial differences in the number of
species across these three maps. The three comparisons across
datasets (Figure 2d-f) reveal important patterns. Maps compar-
ing POWO and GBIF-T raw data (Figure 2f) showed that China,
Poland, and Romania exhibit the highest values, indicating that
there are more species listed in POWO than in the raw primary
downloads. This highlights a limitation of the raw dataset in
terms of the taxonomic diversity of Carex in these countries. In
contrast, the curated dataset (ECD) contains more species in
China, Peru, and Chile than the GBIF-T raw dataset (Figure 2d)
validating our approach to covering sampling gaps. In the case
of the state of Oregon (USA), which showed low values when
comparing ECD with GBIF-T raw data and POWO with GBIF-T
raw dataset (Figure 2d,f), this is again due to the presence of
infraspecific taxa in the raw dataset that are not considered in
POWO and curated datasets. When examining the differences
between POWO and ECD (Figure 2e), the most diverse areas of
the Northern Hemisphere have a higher richness in the POWO
dataset than in the curated one, but the effect is less noticeable
in the Southern Hemisphere. This pattern may be influenced by
the combined effect of (1) rare/introduced species lacking records
in some areas, and (2) certain areas having a particularly low
number of occurrences (e.g., Romania and South Korea). Both
cases depict that further sampling efforts may be needed in these
areas. A noticeable exception is the Iberian Peninsula, which
shows lower values compared to the rest of Europe. This is a con-
sequence of the large number of authors of this work based in
Spain, resulting in an increased level of knowledge for the region.

Finally, the SDMs retrieved AUC values between 0.80 and 0.95,
which indicate a good predictive ability. The inferred potential
distribution for C. pendula was slightly similar in both models
(Figure 3a), but with fewer potential areas retrieved in the ECD-
based model, especially regarding areas peripheral to the tax-
on's native range in Europe (e.g., Eastern and Southern Europe),
as well as in other areas of the world on other continents. As

Records
from
GBIF-T Records
raw from Distribution
Species dataset ECD range
Carex pendula 393 3430 Europe and
introduced in
Australia, New
Zealand, and
United States
Carex acutata 12 27 South America
Carex spartea 113 158 South Africa
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FIGURE1 | Spatial distribution of the GBIF-T raw data and expert-curated dataset for Carex occurrences in (a) South America, (b) Southeast Asia,

and (c) Czech Republic.
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(a) POWO Richness
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(b) ECD Richness
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FIGURE2 | Speciesrichness maps for: (a) POWO, (b) ECD, and (c) GBIF-T raw data; and the richness maps resulting from pairwise comparisons
between (d) ECD versus GBIF-T raw data, (¢€) POWO versus ECD, and (f) POWO versus GBIF-T raw data.

a practical application of our ECD, C. pendula is a species of
concern with invasive potential (CAL-IPC 2024; NZPCN 2024),
for which the use of raw data may confound the potential inva-
siveness of the species. Likewise, when comparing models using
the GBIF-T raw dataset to those using the ECD, projections for
Carex acutata (Figure 3b) and C. spartea (Figure 3c) revealed
different potential areas at a continental scale, particularly re-
garding the areas with the highest suitability. This illustrates
how, in species with a relatively low number of occurrences, any
misidentification may potentially confound the results.

4 | Usage Notes

The dataset described here can be used for bioclimatic and
(macro-)evolutionary analyses (e.g., niche evolution, species

distribution models) that require highly accurate geographic
information. Even though the GBIF and Tropicos records have
already been filtered, we recommend data thinning to avoid
spatial correlations following Coca-de-la-Iglesia et al. (2023)
on the curated dataset to conduct bioclimatic niche studies.
The thinning procedure keeps the most valuable spatial infor-
mation while eliminating some records to reduce the effects
of sampling bias (Aiello-Lammens et al. 2015). Alternatively,
if a specific analysis requires a minimal number of records
to be conducted, we suggest retaining records that have more
than two decimal places in their coordinates, ensuring that
these occurrences are as accurate as possible and correspond
to the distribution of the studied species. The performed
SDMs illustrate how the ECD could display more accurate
results, especially in cases where the species distribution is
restricted.
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(a) Carex pendula Raw Carex pendula Curated

(b) Carex acutata Raw Carex acutata Curated

FIGURE3 | Climatic suitability and potential distributions predicted by biomod at present for GBIF-T raw dataset and ECD for (a) Carex pendula,
(b) C. acutata, and (c) C. spartea. Records used for the distribution modelling, representing the current distribution area, are shown as black dots in
each panel. The probability scale is the same for all projections.
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The “curation_change” column in ECD dataset allows the user
to select or discard particular occurrences that were flagged
during the expert curation process as doubtful or introduced.
We recommend using these flagged occurrences to evaluate the
certainty or native status of additional records added to GBIF
after our dataset is downloaded. By plotting unflagged, flagged,
and new records using curatoR (Bradley 2023), users can apply
their own criteria based on the needs of their study.

5 | Discussion

The quality control procedure described here addressed several
common issues found in online repositories, such as duplicate
records and erroneous occurrences (e.g., records in the ocean
or at country centroids). By implementing our expert curation
approach, we achieved two major improvements over primary
occurrence data from repositories. First, the contributors identi-
fied potentially erroneous data and flagged introduced popula-
tions when appropriate. Second, expert taxonomists verified the
identities of additional records from revised herbarium material
and field collections. Furthermore, fieldwork and taxonomic re-
vision efforts by the authors helped fill several main sampling
gaps in regions with previously limited data, such as Mexico
(Reznicek et al. 2021), Central and South America (Villaverde
et al., 2015; Jiménez-Mejias and Roalson 2016; Jiménez-Mejias
and Escudero 2016; Jiménez-Mejias et al. 2016; Jiménez-Mejias
and Dorr 2018; Jiménez-Mejias et al. 2018; Jiménez-Mejias et al.
2020; Jiménez-Mejias, Fabbroni and Haigh 2020; Jiménez-
Mejias et al. 2021; Jiménez-Mejias and Reznicek 2018; Jiménez-
Mejias et al. 2021; Jiménez-Mejias et al. 2023; Jiménez-Mejias
et al. 2023; Lois et al. 2023; [subg. Uncinia]; Mufioz-Schiiler
et al. 2023), China (Zhou and Jin 2014; Lu and Jin 2022), Czech
Republic (https://pladias.cz/en/), and Greece (https://portal.
cybertaxonomy.org/flora-greece).

The whole quality control procedure and resulting dataset can
serve as an example of how high-quality taxonomic revisionary
work can provide a significant improvement of occurrence data-
bases, and a solid foundation on which other data-based analyses
can be grounded. However, we recognise that future additions
to GBIF and other repositories would potentially face the same
issues we tried to address in this work. To mitigate this, our cu-
rated dataset (ECD) can serve as a reference for identifying oc-
currences needing further attention. By comparing our dataset
with other databases or updated versions of GBIF, occurrences
not associated with confirmed presences can be easily flagged
for revision or treated with caution. This approach not only
strengthens occurrence-based studies but also has the potential
to improve the taxonomic curation of outlier records, ensuring
more accurate SDM and reliable ecological conclusions.

Despite the improvements, limitations remain, particularly in
boreal regions and Southeast Asia. In boreal regions, complex
sedge groups are often labelled with collective names, mask-
ing species diversity. These groups are often the focus of re-
visions that shed light on the taxonomy, as seen in cases like
Carex bigelowii sect. Phacocystis (Westergaard, Kyrkjeeide and
Brandrud 2021), and Carex rotundata sect. Vesicariae (Pedersen
et al. 2016). For such groups comprising multiple species, it is
crucial to prioritise updated and verified datasets, replacing raw

occurrences with more reliable and accurate information. In SE
Asia, records are underrepresented compared to other parts of
the world. Species from this area are rarely collected in their na-
tive ranges, and the few available herbarium materials are often
outdated (usually prior to 1980s) and lack precise geographical
information. Greater sampling and recording efforts are needed
to cover these knowledge gaps, as has been achieved in this
paper for Mexican and South American sedges.

Our study highlights the importance of expert curation to address
common biases in large occurrence databases, offering robust
quality-control procedures for biogeography, ecology, and conser-
vation analyses. Continued collaboration with taxonomists, along-
side increasing sampling efforts in underrepresented regions, will
be crucial for improving future biodiversity databases.
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